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' ABSTRACT
“

This research assessed the effects of gallstone disease upon the

a

structure and motility of the human cystic duct,

4 -

,Freshly removed4human:gallb1adders and cystic dncgé/;erelenamined’

’ . } C :
by-\a‘”pathologist' and 'portions were removed immediately for (i)

histologiaﬁl examination of the gallbladder body and neck and the cystic_

duct (ii) measurement ‘of the muscle layer in all three areas, and (iii)

‘ -
pharmacological studies of motility in organ baths. Canine‘tisSue from

‘ the gallbl dder body and cystic duct was likewise examined. '
%

i
The histology specimens were\coded 'blind' (observer unaware of the .

v 4 .-

'_ results of the moﬂ&lity studies) ~and were classified according to;the

degree of inflammation. The morphology of the muscle 1ayer was studied

in transverse sections, with particular attention to the thickness.of

—

the layer.

Contractile respOnses were characterfzed, using standard organ bath

_mediators of,inflammation histamine, and bradykimin.

Histological examination of the human'gallbladders differeptiated
three stages of disease; mild chronic, advanced chronic, and acute

cholecystitis. The histological abmormalities were qualitatively the

- same 1In the gallbladder body and neck in the three',disease stdges.

Histological scores ‘and pathological classification of the cystic ducts

were identical with those of the corresponding gallbladders.
In both human and ~<&nine tissues the muscle layer was  thickest 1in

the gallbladder- body, thinner in the gaIlbladder neck (human), ‘and

thinnest in the cystic duct.

tethhiQues,' to"cholinergic stimulations cholecystokinin; and the-



A . -
. . .
. '

' The cystic duct responses in the human and the, dog were. always g

-

lcontractile. The sensitivity o acetylcholine aud histamine did notﬁ
v'differ between the gallbladder and cystic duct in either species. -The .
o
sensitIvity to cholecystokinin was 3 times less in the human cystic
:.ducts than in the gallbladders. The sensitivity to bradykinin,-was\
greater in the human \gallbladd:}; neck' and ”éystic .duct than in. the -
gallbladder body, whereas in the dog there was ' no such difference. In f
. .

geﬁ@ral the magnitude of the contractile responses to all agonists was

greatest in the gallbladder body > gallbladder neck > cystic duct.
9 Lot . "

e
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INTRODUCTION

Traditionally, and even in’ the current surgical literaturev(l 2) it
Vis assumed ‘that the mador regulators of extrahepatic bile flow are the
gallbladder and the sphincter of Oddi. Hardly any attention has.beenﬁ
_ given to the possibility that the cystic duct could or does regulate
~.bile flow. It has generally been regarded only as a passive'ccnduitr'
Now, however, largely asva"resulgkqf”reports by Scott.and cdfﬁgrkers-(ji
5) and Pitt et al. (6,7), the role ;)f the cystic duct in gallbladder
filling ~and vemptying and its possible contribution- to gallstone
formation are receiving more attention. | .

‘Gallbladderz. filling and’ emptying result from the dynamic.
interaction of the gallbladder cystic duct, and sphincter of 0ddi.
' This intricate nmchanism appears to differ in healith and disease. In
health the ‘tone of the gallbladder and resistance of the sphincter of
0ddi probably are the main fdeterminants .of gallbladder vfilling and’
emptying (8,9). Although the cystic duct has sphincter-like properties"
'(ldfll) and responds’to pharmacological and hormonal stimuli, resistance

to flow is normally lower ~through” this than through the sphincter of
0ddi (4). Thus, the duct may not be active in extrahepatic biliary
dynamics in health. 1In pre-gallstone disease in prairie dogs (Cynomys

ludivicianus), howe&er, when lithogenic bile is present, the cystic duct

affects biliary mechanics ‘At that stage the gallbladder 8 tone and its
response to cholecystokinin (CCK) remain unchanged (12-14); 1in fact,

even with prolonged cholesterol feeding, when the,gallbladder is filled .



with stones and micus, neither resistance in the sphincter of 0ddi nor
the response to CCK anpears affected (6,12), -The only change in pre-
gallstone disease 1is increasing reaigtance‘to flow‘through the cystic
© ~duct (7) with increasing lithogenicity of the bile‘(7). This must be a
major cause, 1f mnot the 'prime cause; of stasis. in gallbladder
conrents. ~ This schene which accords the cystic duct a major role in
‘gallstone formation, has renewed interest in the theory that gallbladder
stasis 1is a prime etiological factor in gallstone formation (15)‘ Once
etasis has begun, changes undoubtedly occur in gallbladder tone, leading
to “further alterations in gallbladder——cystic—duct dynamics. -”vThe
increased resistance noged in the cystic duct in the pre-gallstone state
in prairie dogs may also occur in man. |

The cause of this change in ,cystic—duct resistance in ?re;gallstone
disease 1s unknown. Possible organic.causes include the secretion of
~e§cess mucue bybthe,mucosa oflboth.gallbladder and cystic duct (165;
which could increase bile viscosity 1in the cystic duct and thus increase
resistance, ‘and mechanical obstruction of the duct. Partial or complete
obstruction has been observed frequently in patients with cholelithiasis
(17), and anomalies and narrowing of the duct have been reported “in up'

to 65% of ‘humans (18,19). Cole and associates‘suggested that partial

Qbetruction of the duct may be the cause Of. cholecystitis and, b&
obstruction<of;the cystic duct in animals, produced gallbladder lesions
typical of chronic cholecystitis in human gallbladders (17)-. ‘However,
» although narrowing of -the cystic Aduct always delays gallbladder
}empt;ing, it .does not 1invariably lead ‘to gallstone 1formation (20).
Altefnatively, change in resistance of the cystic ~duct could have a

s

functional cause;‘v%or example, a differential alteration 1in the



' Sénsitivity of the duct An@igallbladder to neuro-hormonal stimulation By

. agentg (e,g.,'CCK and'vasoactive amines) that help regulate extrahepatic

biliary motility.



ANATOMY .

General

The cystic duct jolns the é;llbladder ‘to~ the  extrahepatic duct
system. Tﬁe junction hi?' usua11y  at the right lateral aéﬁect' of the
gommon' hepatic duct, but”lcan occur ét any point between -the porta
hepatis and thé ;mpullary region. ~ Its mode of terminatién may be
angular, :par§11e1, or s?iral. An angular ‘inéertion occurs in
approximately 65% of cases;. in 25% of cases'thé cystic duct ané common
hepatic duct run a parallel course for some digtaqce before joiding; and -
in '10% of cases?a spiral insertion occurs (21Y. The cystic duct may be
short and straight or long and tortuous,.éveraging‘2.0.to 3.0 ci long
(22,23) in’the range of 0.4 .to 6.5 cm (18,22-24). Its diameger varies

from 0.1 'to 0.9 cm (22). It contains brominent mucosal folds, calléd:
spiral folds or valves of Heisterf Numerous‘attempts have been'made~£o
determine the function of the folds; some wo%kers h;ve suggested th;t
they act as unidirectioﬁal valves in reéulating bile flow (25) but most
agree with Scott and Otto (3) that they-do not. The wall of the cystic
duct consisgs of three layers 'similar to those of the gallbladder——
mucosal, fibiomuscular, and areolar-—-and in the submucosal region
contains a thin layer of muscle that appears continuous with the muscle
layer of.tﬁe‘gallblédder. There appears ;6 be no anatomic sphincter at
the junction of ﬁhe gallbladde£'and cystic duct (26,27), as was proposed
by Lutkens (28), but the amount of muscle apﬁears to be greater at the

cholecygtic junction and proximally in the duct than in the mid and

distal parts of the duct (29). This variation may cause a differential



motor response "along .the duct and rthus .may have a physiological

1o
da

.

sphincter &ffect.

. b
Neuroanatomy %ﬁg

Alexander (30) reviewed the literature on the egerinsic 1innervation
of the extrahepatic biliary tract. . The gallblad&eﬁf‘and the biliary

ducts are supplied by both the sympathetic and the'WﬁaraSympathetic
nervous systems. He 'confirmed the presence of parasympathetic nerve
cells and a three- layered interconnecting intramural p@exus in the

gallbladder, but failed to find a submucous supply in the common bile
. q\\)

duct,, Burnett et al. (31), who demonstrated the distribut&dﬁ and mode

b r‘

of termination of intramural ganglia, found a rich three—layered network

comprising small, medium-sized, and large medullated nerves; nerVe cells
. . . ) . . .

“ ﬁ‘ .
in large groups were seen in the gallbladder and cystic duct, but Were

\ '

less  numerous in the common bile duct until the .lower end was reac&bdg

These investigators concluded that the intrinsic nerve supply of .they:
. - N ‘) .

o -
B

extra-hepatic biliary tract plays a vital part in its function.

PHYSIOLOGY

!
/

d Pressures in the Extr%hepatic Biliary Tract

The entry of food into th% nuodenum results 1in - gallbladder
¢ontraction, forcing .bile into the/common bile duct. After relaxatien
of the sphincter of 0ddi, biie Lnters the duodenum. The pressures
within the extrahepatic biliary tfact depend upon the rate and pressure
of bile flow into the system and/hpon the resistance to flow throhgh the

/

system (8,32,33).



It has been shown experimentally that nhe liver can continuously
secrete bile against an opposing pressure of between +10 and 30 cm sz.
depending upon thez~aeriod of fasting (34). This hepatic secretory
pressure is significantly greater- than the resting pressure ‘(+lO cm)
within the gallbladder, which appears to fill passively so long as the

sphincter of 0ddi mainfains a fairly high resistance to flow. In the

distinct high pressure zome at the choledochoduodenal junctien, pressure

~ ~n °
is higher (maximum, 30 cm Hy,0) and motor activity.is different from that

- ®

ifd the common duct or duodenum (35). The sphincter of 0ddi appears to
the major control mechaniism regulating gallbladder filling and
emptying (8).' When the gallbladder contracts,.the pressure within it

rises (to between +20 -and 30 em HZO) and the sphincter relaxes (36).

During fasting, 707\of the hepatic bile enters the gallbladder (37), an

~,

action that is maintained 1in patients whose gallstones are not
. ¥ g : :
obstructing the cystic duct.

Components of Exsrahepatic Biliary-tract Motility

\

<

Gallbladder

One of the physiological&mechanisms identified in the gallbladder
is smooth-muscle contraction to discharge the bile into the upper ;art
of the small intestine and relaxation durindg storage. The gallbladder's
jnherent tone and contractile activity constitute a complex mechanism
that 1is influenced by .autonemic innervation, hormonal responses, and

" vlocally released substances such as histamine and prostaglandins (38).
Ry AN L4 3
. '




Cystic Duct : T
The muscle layer in the cysti¢ duct 1is continuous with that of the
D .

gallbladder. It forms a loose mesh‘.vork and thus can exert tension in

e

. !

multiple axes, and most investi'gat.o.rs support the view that it has
sphingter—like pr.:operties (3,11,25,39). " Potter ‘and Mann (39) found that
pressures in the gallbladder and comn;ori .bile duct vary independently,
and Doyle and lFarrar' (115, wbo demonstrated a pressure difference
between these two ‘organs, ‘speculated that this 1is an éffect of ‘the"
cystic duct. 1In 1970lTorsoli' ili'l_. -(25) observed in huméns that the

L4

flow of contrastv medium through the cystic duct stoppéd whe'n morphine or
CCK was given and that this was reversible with amyl nitrate, and"in
1979 Scott and Otto (3) noted in 'ddgs an increased resistance to flow
through the cystic duct after morphine or CCK i administratién'. N
Contractile and relaxant' reSponse;? that} éan affect resistance té fl;')w
through the canine cystic duct‘ have beer; produced with wvarious
'neu‘x-'otransmitter and hormonal agents (40).

All of these findings _igply that the smooth muscle in the duct is
responsible for the sphincggr—liké activity. Thé only dissenting
ﬁb:'p'\infbn in..the recent literature is that of Martin et al. (41), who -

suggested that the cystic duct probably acts as a "nondirectional

p'fessure—relief valve” and that the mechanism may be nonsphincteric.

Common Bile Duct

, : +
It 1s still not clear whether the common bile auct (CBIj) has an
active or passive role in the propulsion of bile through its lumen. The

CBD exhibits spontaneous rhythmical activity in vitro (42) and some

investigators have reported peristalsis (43-45), but the latter may noﬁ



y ok

be significant (46,47). It seems that any activity in the CBD is due to

the backward reflection of pressure fluctuations in the duodenum or

-

sphincter of 0ddi (48). Tooull and Watts -(42) do not discount the
, ,

possibility that the CBD has a regulatory role in bile flow, basing

their opinion en the demonstration of contractile 'responses i the human

and canine CBD to various stimuli in vit‘. However, most Ilnvestigators
. ' - .
regard the cap®as only a. passive conduit.

. ~

=R

. Sphincter of 0ddi ,

. a : A

This sphincter 1is the principal regulator of bile flow into the

,‘duodenum (49) and appears to bé .the major control mechanism regul.ating
ga]l.llbladde-'r.‘ filling and emptying, but its activity can be modified by
the .;iuodehal mu_sc.ulat:ureJ (50). The sphincter'S' Srpooth muscle responds
to various neural and hormo't{@; stimuli. In humans; the hormone that
r:nost strongly affects it dire‘;:-‘tiy seems to be CC;K;' unlike its action in
'the gallbladder, which it ”contracts, CCK relaxes the sphincter of
Oddi. It is unclear whethgr" this effect in the.sphi‘ncter is a t;esulé of
. smooth-mgsclev relaxation or whether, b); _enchancing '”smooth-muscle
c.ontraction and activating a pumping action, it facilitates th‘e‘ flow of

[

bile into the duodénum. Whereas CCK increasgs the sphincter's activity

in some other mammalian speciles (51,52), it depresses it’s" contractility
’ ! . .
in humans (15,53): Toouli et al. (54) recently demonstrated that CCK

octapeptide (CCK-OP) abolished the phasic. éontract;ions and reduced basal
pressure. These investigators had postulated, based on studies in cats

(54), that CCK-OP induces this decrease in resistance by‘ stimulating
. , oy

.



nonadrenergic, noncholinergic inhibitory nerves within the sphincter,
and had inferred that this is CCK's dominant effect on the sphincter and
overrides its direct stimulation of the muscle. coT

e

:\x\\,_ CONTROL OF CYSTIC-DUCT MOTOR FUNCTION

- The control of extrahepatic biliary tract motility appears  to be
similar to that of other parts of the gastro—-intestinal tract. It has a
well-developed autonomic nerve sépply and there is an intramdrel nervoue
plexes mainly 15 the gallbladder and cystic duct. There arelalso many
hormones  .and loea}ly released . substances (e.g. histaﬁine end
prostagiandins) thet\are known to“agtect its motility. There have been
very few studies on the cystic ductv but the control of its motilitf

B

appears to be the same as other parts of the biliary tract.

o . Neural ‘Control

Tte cystic duct has a rich nerve supp;y; both wextridsic and
intrinsic 7(31). Bauméarten and Lenge (55) found higher concentratione
of noradrenaline in the extrahepatic.biliaryvtract'df,the rhesus monkey
than ady of the other catecholamines."They‘also showed tﬁat there were
regional ‘differences in 1its localizetion. The concentration of
noradrenaline 1in the cystic duct was aﬁproximately twice as high as in
the gallbladder body. Clanachan et al (40) have sﬁown beth‘adfenergic
and cholinergic receptors in the cystic duct and others have
demonstrated adrenergic receptors (56). Stimulation of x-adrenoceptors

or muscarine receptors constrict the cystic duct, whereas stimulation of
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B-adrenoceptors relaxes it (40).

Hormonal Control

rd

Cholecystokinin

CCK contracts the'gallbladder and relaxesithe sphincter of 0ddi in
many species, including man. This action is physiological in that
gallbladder contraction occurs 1n response to endogenously released CCcK
(57). Peptides related to CCK (e.g., caerulein) have the same action;
in fact, caerulein 1s 16 times more potent thanvbCK in experiments in
dogs (58). The findings that CCK induced stimulation of gallbladder
‘muscle contraction 1in vitro is not ~ blocked by anticholinergic, anti-
adrenergic, or‘depolarizing'agents, or by tetrodotoxin (59-61), supports

the belief that CCK acts directly on the smooth muscle, and thus implies

an effect on cystic-duct muscle. Flow through the- cystic duct decreased ‘

-
when CCK was given (3); however, the concentrations of CCK were probably
beyond that encountered under physiological conditions. Recently it was
shown that the reductidn in flow through the intact duét and in the

contraction of strips of duct in response to CCK is dose-related (62).

This  study also - showed differential seasitivity to, CCK 1in the canine

gallbladder and cystic duct, and a slower response and slower rate of
contraction.~of the cystic duct in . response: to CCK than of the
gallbladder. These latter findings help to explain how CCK-induced
constriction of the cystic duct does not prevent the outflow of bile
from the gallbladder. If this differeatial sensitiuity to CCK 1is
present in man, it may be altered in disease, in gallstone disease, such

an alteration might result {n stasis in the gallbladder.

r
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It is not ‘knoﬁn whe;her CCK stimulates 1nhibi;ofy nerves.‘iny the
cystic duct Eb' override ‘its direct stimulation of .tﬁe duct's smooth
‘muscle, an action ;hat has been postulated for the séhinctérfof 0ddi
(54).

Mediators of Inflammation-

Many'lsubétances within the gut wa;l have p;tent effects when
‘éppliea tb-isolated“segments.of the muscle;. thus, tﬁey may influencé gut
motility.Ad Injury results in a correséonding degree qf anoxia and .
acidificagion.of the'damagedlgi35ﬁe, together with increased éroteoly;ic
getivity and inhibition .of Rihinases; thesé events predispose to the
release or actiy;tion of vaso—activé"agents s;ch as histamine and
kinins.

The present study sought to delineate the actions of h;staminehahd
bradykinin, substancés that are agssociated with the inflammatory

reaction and may play a part in cholecystitis. These agents can

increase vascular permeability and induce smooth-muscle contraction.

Histamine

This bioloéiéall& potent decarboxylated gmino acid is of low
molecular weight and has;an imidazéle ring. . It islétbred in basophils
and mast\cells; it is also present, unassociatéd with mast cell;.and
subjecﬁ_to rapid turﬁovér, in the géétroinfestinal mucosa. Histamine
acts difectly oé muscle in the gut watl, not via the entépic neufal
plexus. Although many gastrointestinal tissues contract in responge to

histamine, rat ileum and ‘the body of the human stomach are almost’

unaffected and humén colon may relax (63).' Histamine may -stinulate

3
4

o,
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excitatoryv and inhihitory receptors. on muscle: the By receptors‘

stimulate and the i, receptors inhibit thefsmooth mnscie. ’
Specific Hy and-Hz histamine receptors have been identified in the
gallble&der- wall in primates (64), 1including humans (65) and in 6hej‘u.
canine ‘cystic duct (5), but their function 1is .unclear. Incressea
gallbladder pressure in response to histamine has been'demonstréted in :
severél species (64-67); atropine- has no effect on this response
(64,67), but Hy receptor blockade diminishes it  (64). A similarly
‘increased contractile response of the éallbladder to histamine has been
recorded, in the presence and.absence of gallstones, in guinea—pigs that
had been fed a cholesterol- rich diet (68). Lennon (69),vwho recently
showed dose-related contractions of human gallbladder to’ histamine in
vitro, found that the degree of sensitivity varied with the se;erity of
inflammation in the tissues~(69). The predominant effect of histamine
on canine cystic duct is to increase resistance to flow and studies in
vitro have confirmed that it contracts the duct (5). 1In health'this
apparentiy peradoxi;Ll dystic;duct response might be explained by the
gallbladder's greater sensitivity to histanine, resultingvin contraction

- of the gallbladder before the onset of change in regsistance in the

cystic duct. Thus, as with CCK (62), there is no obstruction“to the

i
-

outflow of bile from the gallbladder.

These observations, whilev {1lustrating the complexity of' the
regulation of gallbladder tone and the part histamine.may play in ‘it,
fail to take into account the possibility that histamine may:be released
when the wall of the gallbladder or:cystic duct is inflamed. This could

modify the contractile responses in the cystic duct, as it does in the

RN

gallbladder, in cholecystitis (69). : Y,
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Bradyhinin
This naturally active . polypeptide can be enzymically released in.
plasma from inactive cprecursors (kininogens) by kininogenase or
kallikrein Tactivity. The gastrointestinal tract contains kallikreins
(63) but no bradykinin precursor which is ‘said to exist 1in only the
’blood and tissue fluid. It 1s not known whether bradykinin is normally
. formed within the gut wall and can affect the muscIe However, 'the
presence of bile saltg in the colon causes‘a\strong motor response (70);
‘this may be mediated by activation of a kallikrein-like enzyme (71), and
.Frankish et al. have: shown that bile salts in the rat duodenum release
and activate kallikreins (72) .
| Kinin-ﬂprming and inactivatinghactivities have been found in bile
_3and gallbladder homogenates (73) and free kinins have been identiﬁied'
'}Ein_the biliary tract (73). Bradykinin which has been ldentified as a
potent relaxant‘ of the proximal"segment ofwisolated rat duodenum -
(74,75), contracted isolated rabbit gaIIhladder (76) and stopped flow
through the choledochoduodenal junction in anaesthetized cats (77).
:Bradyhinin also ‘produced doee-related contractions of ieolatedb-human7
gallbladders (69); ite sensitivitv was not affected.by the degree of
Inflammation (69). | | |
.Recent reports {ndicate that active peptides, ' in addition to their
',direct effect on o gar organe; can modify the effects4of other agonists
in various tissueﬁ (78~865, and thar bradykinin modifies the effect of
CCK on guinea pig gallbladder (81) A search of the lLterature has

revealed ue reports of bradykinin effects on the cystic duct.
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Although no physiological role for hradykinin in motility has been

' .established, it ‘seems likelj.that inflammation of the gut wall triggers

the release of bradykinin; this could- affect muscle contractility in

B3

4

1. 1In Association_with Cholecystitis

o - A . ' 1%

that atea.* Bradykinin almost certainly contributes to the control of

blood flow in certain tissues; if this is’ so in the gut, it might

influence cystic—-duct motility by altering the blood flow locally.

CYSTIC-DUCT DISEASE

"y

- cases (17). There was no bacterial inflammation associated. ..

‘Little 1is known about the clinical- asgoclation - and relationshio

- between cystic-duct disease and cholecystitis. Though thée proximal

Ay

portion of the cystic duct ts invariably.excieed.at cholecystectomy, it

is rarely examined histologically. The only detailed study that has

correlated the pathological abnorma}ities of the two organs was by

Feldman et al (82), who studied 150 gallbladders that had been removed

O

together with a segment of the cystic dnct. ' . i

Some evidenoe of c§stic duct disease :was observed in all but- nine,

cases. It was further noted that in general the cystic duct was less

inflamed\ .than was the gallbladder., In 56% of cases the cystic~duct

lumen was partly or fully occluded.;_ A prior causal’ relationship of

cystic—duct disease with_ disease' of the gallbladder ‘could not be

demonstrated. However, experimental studies have shown that_ partial

‘obsttuction ‘to the outflow of bile results in stone formation in the

gallbladder (17).. Experimental stenosis of the*cystic duct in both dogs

and rabbits led to formation of pignent—cholesterol stones"in 607 of
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The necropsy 'specimens of human gallbladders With .gallstones were

" examined in one study (17) and 50% had ,s.olne. degree of agsociated
Io:b‘str-uction of'the'cysti‘c duct. - The above studies indicate that ‘stones

.can form in the’ gellbladder as a result of stasis alone, and metabolic

and bacterial factors need not be lmplicated in their genesis. The

©

-

question of Whether st'asis, as the result of anatornical or functional
» ,
abnormalities of the cystic duct 1s responsible.for gallstone formation

is still,‘ however, unanswered.

_'s'tudi-es.. that have * shdvfn impaifed

-

2.0 Cystic-duct Syndrome o : i R . -

‘.

In this gondition, the cystic duct 1s partly obstructed ‘but there

are no calculi in the duct or gallbladder. The patients present. with

. histories of typical biliary tract disease and routine investigations

!

including cHolecystograohy ‘are .normal. ‘However,Amore detailed

.radiological investigatio’h’ reveals impaired g_éllbladde;‘i.evacuation,

~

which at subsequent cholecystectomy, is- showp to have been caused by
partial cystic duct. obstruction (83). This " is usually due to either
stenosis or kinking of the duct Histological ‘examination- in most cases

reveals thickening and fibrosis 'in its wall (83 85). In McFarland's

15

series (85), nine of ten.cases,examined had associated chronic.

cholecystitis. Miesz (84)Jpoted viscous bile in all his cases but made

no mention of the gallbladdeff1 histology [increased mucus production is. a

common cause of increased bile viscosity and is now regarded as a

feature of pre~gallstone disease (86)]. Another i’inding in McFarland's

and Miesz's studies was that the vast majc')“rft)f oof t‘heﬂpa‘tients"-'*wef'e -

women of, child bearing, age,., _‘Thi-s is releyant, An ,'t'he light of "recent

\._.,..‘ b - t.., Sy, W am am eaw e P ax Ow PR -

emptying "in
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pregnancy due to the effects of“ovarian steroid hormones on gallbladdEr
cdntractility (87-89). ‘If this is so, there may be more than due cause

for this syndrome, or mechanical and/or Ffunctional abnormalities are

involved. Cholecystectomy relieves the symptoms in the vast majority of

‘cases (83 85) o A } ‘ ‘

3. Functional Biliary Disease

Westphal (90) first introduced the' term biliary dyskinesia to
explain . biliary—tract symptoms., not associlated with pathological
abnormalities in -either the‘ cystic duct or the gallbladder. Many
authors have since attempted to define this entity in terms ?f a
functional disorder of the gallbladder, cystic duct, or sphincter of

0ddi. It may be similar to the cystie-duct syndrome, not only in

clinical presentation but also in 1its etiology. In two recently’

reported series (91,92), all but one of the patients (total, 36) were

female. Pre-operatively, in 75%Z of ‘cases the admiﬁistration of CCK

elicited colicky ’gallbladder pain‘ and dyspepsia identical to the
patients' previous symptoms. In}_one series, failure of normal

gallbladder contraction after cholecystokinin cholecystography occurred

in 11 of the patients tested (92) Caroli (93) has shown that lack of

'contraction in reSponse to cholecystokinin may be due to hormonal

c
imbalance between this- substance and anticholecystokinin. At operation

in ,the  above - series (91 92) the only abnormal vfeature noted was

L]

. _ SR N 3 N « L
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narrowness -~ of the cystic ductv (histelbgieal appearances zwere~-qpt

- - o

mentioned) in thany cases; 33% of .the gall dders .were ., ngrmal.

" -~ e oW

PR - . . L., B - . ..
»histologically;'aﬁd‘%hé others had only mdnimal. flammation Thirty

fourvor the 36 patiéhté»had;complete relief of their symptoms at a mean

.

T e
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follow-up of 2 years. It: sleems that . primary cyst:ic—duct disease, if it
exists at all, Iis due to a- mechanical or a functional abnormality or
both.

Another recent theory to explain biliary dyskinesia .relates to an
abnorm\ality in the activity of the sphincter of 0ddi. There i‘sv
circumstantial evidence to suggest t'hat; normall}", CCK .acts on the
sphincter to. produce a decrease in resistance to flow across it (54).
This effect may be produced by stimulation of nonadrenergicg,
-noncholinérgic inhibitory nerves (54). This neural inhibitory action of
CCK ovexjrides the direct stinulato:y effect of CCK on the smooth muscle
of the sphincter, which has been reported (94). Imbalance between the
dominant inhibitory effect of CCK on this sphincter and CCK direct
smooth-muscle stimulatory action may lead to inappropriate spasm uf the.
sphincter instead of the expected; relaxation. - Such an abnormality in
the motility of the sphincter 'has been proposed as an explanation for

[

biliary dyskinesia (95).
MUSCLE MORPHOLOGY *

Unlike the rest of the gut, which has well-defined circular and
longitudinal muscle coats in addition to the muscularis mucosae, the
: gallbladder has. OuIy. ‘one ..(in- ma;ny aases,.'thiw).. layer of musclé, which is

continuous with -that of the cystic duct This layer resemblesvthe

intestinal musculairis mucosae.; Beeause -80 - little is known of muscle

,,mo:phology in calculous chqlecy.stitis, At difficultv to correélate

morphological chamges wit:h motility. The 'mus‘cle layer seems to be

“composed of -a “three- dimensional mesh’ of interconnecting muscle bundles,
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'gpéafentiy ‘arranged in gpiréis?(égyk Changes in ‘the thickness of the
muscle -1ayer: w#iéb_ decreases mgraduallf from the fundus of the
gallbladdér to the distal end of the cystic duct (29), and in its state
of health could alter gallbladder ;ﬁd cystic-duct motility. The
ségsitivity of ‘the musclé ¢to neural, h®rmonal Br local stimuli may
change when it becomes inflamed. Convefsely inflammation ber se may
affect the ability of the muscle to respond to these stimuli (38). 1If
the inflammatory changes induced by cholelithiaéis vary -within the

.gallbladder and cystic duct and similar variations occur in the muscle

layer, these differences could affect extrahepatic biliary motility.
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THE PRESENT STUDY

The gallbladder neck and the cystic duct are of particular interest
from the standpoint d¢ functional wmorphology (96). The 1importance -of
rthese areasuin the integrated functioning of the egtrahépafid*%iliary‘
tract 1is {indirectly confirmed by the very rich innervation .presehﬁ
-?39,31). The controversy about the presénce or ;$sence of.an agft?micgy
df physiological sphinéter in the neckl Qf the gallbladder or ét the

junction of the neck and the cystic duct is sﬁill ﬁnresolved.

E .

Tﬂe aims of the study were:

l. To examine. the body and neck of tﬂé gallbladder and the cystic duct
in healthy dogs and in humans with.choleCYStitis in order to see if
a transition or’changé occurs 1in thé histological featurgs invthe
three areas: The pathological incidence of cystic duct disease in
association with. cholecystitis were also be analyzed.

2. To investigate the nature and thiékness of the smooth muscle layer
in the gallbladder and the cystic dﬁct, particularly in the neck
region of the gallbladder. |

3. To stqdy the spantaneous and stiﬁuiated a;tivity of'thé.cysﬁic duct

In vitro, and correlate this with gallbladder activity.
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| MATERIALS “AND ‘METHODS =~ ~ ° * ° -

-.Gallbladders from 107 patients and cystic ~ducts from 21 were

studied. The fcholecystectomieg_ were perférmed in the University of

Alberta Hospitals and the Charles CamsélL_Geﬁeral Hospital, Edmonton.

-The cases -were unselected -éxdéﬁt' in. relation to scheduling the

'Laboratory'ekperiments. '.'

In ad&ition, 15 canine gallbladders and cystic ducts Weré studied -

'(see~ Non—Diseased Tissues), as it was not 'posslble to ‘obtain normal
human tissue.

e Collection of Human Gallbladders and Cystic Dutts

The "~ gallbladder and the proximal part ‘of the cystiq duct (in 21u>

cases) were collected as 'soon as they were .removed. The 1ischaemic -

period (i.e., time taken from ligation of the cystic artery to deiivet&
of the gallbladder) was no longer than 20 minutes. The organ was pl%ced
in oxygenéted Krebs' solution immediately, examined by the hospital
pathologist, and opened along its longitudinal axis.i ATwo ad jacent
rectangular pileces, 4X1.5 tm., were excised ftom thé anterior wall of
the body of each organ. A portion from the neck in each organ and the
cystic duct in 21 cases was also excised. These were transported in
Krebs' solution to the laboratory.

/
i

Non-Diseased Tissues

Gallbladders and cystic ducts from 15 apparently healthy mongrel

dogs were'istudied. ‘The dogs, weighing 10 to 20 kg, were of both

. n < /,
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sexes. They had been rendered free of intestinal~-parasites, " and

" inoculated agalnst rables and distemper, for surgical procedures by

other investigators (who took over as soon as the'gallbladder had: been
removed). Thus, selection was uncontrolled except' in relation to
scheduling the laboratory experiments. | .

The dogs’ Were'anaestheti;ed with sodium pentobarbital (300 mg/kg
body weight) injected i#,» and'.an endotracheal tube. was inserted to
maintain an air&ayg They dere allowed to breathe‘spontaneously (room
air) during the surgical procedure The gallbladder and cystic duct was'

.removed through a midline incision and immediately washed free of- bile;

in Krebs' solution. Tissue was excised from the wall of the body of the

:gai}bladdgt-énd.the chticrduct, as with the human tissue.

HC
N

- - - e S et .
a E

Preparation of Tissue

e e

One piece of tissue from the body and neck -of each gallbladder was,

processed for . histology and measurement of the tuscle and. the other

pleces were cut into longitudinal strips, 2X10 mm. _One plece of tissue
from the cystic duct .(n=16) was” also. processed for histology and
measurement of the thickness of the muscle'layer and the other plece was
cut- into .either. two  or three longitudinal strips, 2X}0 mm.
Contractility studies of the strihs,‘ ‘with standard organ-bath

1

techniques, were started within 1 h of the cholecystectomy.

Histology

Tissue for light microscopy was rinsed in Krebs' solution, . fixed
: \

<

for 24 h'-in 107 neutral buffered formalin and embedded in paraffin

(Tissue-prep; Fisher Scientific Ltd., Edmonton) ‘at 56.5°C. Transverse

L
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sections, cut at 8 to 10 pm, were floated onto albumen—coated slides (up

.

to 5, in sequence, per slide) All were stained with haematoxylin and

eosin. . Coverslips were applied with Histoclad (Clay-Adams) mounting

.

nedium.

.The‘slides were coded, mixed,_and examined witnout.knowledge of the'
results of motility studies. On .transverse .sections, a grading was
‘assigned to each component of the inflammatory infiltrate, extravasation
of red celle, and oedema and fibrosis in the mucosa and lamina propria,
"muscle layer, Aand _areolar layer. These were "scored O, lnormal;:'1,>\

- definite but mild histopathological abnormality; and 2, advanced

. nistopathological'abnormality. A score of 2 was added 1f the mucosa was

S S

-

absent because of disease (Fig. 1).

-The - tigsue on- each siide was also classified as typical of mildv .
chronic:‘ dnanced chronic, or acube cholecystitis without reference tob
ithe total score. Finally, each score was totalled and the Hospital' E
- pathological classification was documented The same scoring and
classification system was -used on the cysticvduct.soecimens; -

w7

Measurement of Muscle Thickness

The muscle thickness was measured on each transverse section; 10

- -

duplicate .coded . slides, were” added,'wto Aassess the’ accuracy of ‘the

technique. Measurement was by a blind random-sampling-metﬁod.5 Starting,:' L

from one edge of a section, muscle thickness was measured witﬂ an
eyeplece micrometer (10X objective). Using a 1 mm stage-mounted scale
on_both the X and Y axes, full-wall muscle thickness was measured at 3
mm interVals; measurements were made 1in ae ésast two {usually three)

sections on each slide, starting from the opposite ends of each

\
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e

Eﬁbsequent section. Only'.the thickness of the muscle bundles was

recorded (interspersed Ffibrous cddneetiye tissue was not 'inbluded).

Finally, the number ef”:;its of muscle per full wall thickness was

totalled and was converted to  micrometres; the - mean thiékness , of .

8 A L ‘o e .
wr oy *

" specimens- on each slide was computéd,”and the standard deviation was

calcdlated.

‘Motility.StGdies'

The Krebs' splﬁtion had the followihg composition (mM): NaCl; 116; .

KC1, 5.4; CaClz, 2 u’azpou, 1.2, NaHCOg, 22; and D'—glucose,,‘l:l_';.Z';_

R

‘fThe solution (pH 7.4) was made up in diétilled‘tde;ionizede-Qater;
equilibrated with‘952 02 and 5% €Oy, and maintained at 37°C-‘

- Drugs used - and, .their -sources were as follows: “Acetylcholine
chloride, histamine diphosphate, bradykinin triacetate, (Sigma Chemical
Co.); CCK octaﬁeptide (CCK-0P; Squibb-ChemicaIVCb.). -

Stock solutions (1-10 mg/ml) of all drugs were' prepared and were
diluted with distilled water before each experiment

Tissue Preparations

Gallbladder and, cystic Jduct strips were hddnted along ~theirl

P

1ongitudinal axis in 5 ml . organ baths One epd of each strip was,

Attached with a OOO silk ligature to a platinum hook electrode at the

bottom of the bath and .the -othet end was attached with a similar

’

ligature to an isometric tension transducer. The bath contained Krebs'
solution pH 7.4, maintained at 37°C and contihuously gassed with 95% 0y
Aénd 5% c02; Isometric contractions 1in response to the application of

test drugs were measured with force-displacement transducers (FTO3C;
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- Grass Instrument Co., Quincy, Mass.) connected to a Beckman polygraph

recorder. Responses were taken as the change in grams tension from the

baseline. / The molar\concentration of the drug in the organ bath was

’ recorded as the concentration at which the response occurred.

-

“ The 'strips were adjuSted to"an'"initial tension of 500 mg ‘and,

‘ during 45 min equilibration they were washed cdntinuously with Krebs'

sdlution ‘at 5. ml/min. In all,.but‘ a few strips the basal tension

)

remained stable thereafter; in those 1in which 1t rose spontaneously

., ‘tension was 'readjusted to-500 mg-manually, . Each strip was, expegsed .to a. .
M o N e m A R S PR v C .

maximally effective concentration of acetylcholine (1 mM), as a test of

’viabiIity and as an index of the maximal responsiveness of each

tissue. Following this stimulation, 15 min was allowed before further

A ;
e

agents were tested.

Application of Test Drugs

Each agonist drug was tested on at least two strips from each of~

«\ «««« -

" CL e e

used in particular experiments, and non-cumulative concentration-

response curves were cpmstructed - Strips were exposed. to. increasing-

i'concentrations of the. drug until ‘the’ maximal response was obtdined. The

drug was washed from -the bath by overflow of fresh Krebs , solution,'

befqre rtheA»next concentration was added. For each drug, the same

waiting period was allowed between additions, this ranged from 5 to 20
min, because one fdrug (histamine) caused tachyphylaxis, necessitating
repeated washing, and with CCK~OP the rgturn to baseline tension usually

-

was delayed.
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Analysis of Data/////

For each drug tested, contractility responses werelexpresséd as’ a
pergentage of the maximal contractiomr (100%) of the 'éﬁfips.'. The;e
galue5~Qere plotted on a concentration-response curvé.

| The' EDSO value (agonist .concentration that produced half the
maximal response) was calculatéd for each concentration-effect curve for
each gallbladder strip.

Mean values, standard geviation (SD), and standard errot of mean
(SEM) kwere calculated for each groﬁb; Significant levels for tﬁe
differepce between groups were\eétimated uéing étudént’s paired, and in
reievant cases, unpaired t-test. The ‘difference between groups wés
judged to be significant when P<0.0S.

In the Results section, values are glven as the mean 3+ the éQandard

error of mean (SEM). Non-significant differences are stated as NS.

ooy e



RESULTS

~
-

There were 86 females and 21 males ‘in this study, giving a
femal‘e:maie ratio'l.of 4:1. Their mean age was 49 years (48 year-s for'
f;males and 57 y;ears“for males) .. Eighy-four of the 107 patients had
symptoms suggestive of gallb/laddér disease at the time of their hospital
admission, which was e’lec\tive fof 7% and emergency for 31.

-

Calculi were present in 99. gallbladdéers, and in three of the other
eight there was reason to believe calculi had been present. The calculi’
were solitary in 20 cases and multiple in the other 79. The gallb}.adder _

was obstructed by a calculus impacted in its neck or in the cystic duct

fn 43 cases, including 11 in which the calculus das,soiitary.

HISTOLOGY 4

Use of the -histological scoring and classification system

v

>

. identified tlzree types of infiafnmatiori: mild chronic, advanced .afon.ic'
(moderate nr sevefé), and aCut:eAchovlecystitis (Fig.. . CompafiSoh of
the scores allocated to the gallbladder body and necklzin L“:h group
showed no significant “intragroup differences (Table “1). v,, The
histological scores for the 16 cysric ducts ex:amined were‘simila.ri to

those allocated to the correspnnding z7'1bladders (Table 2).

Gallbladder
The same abnormalities, inaluding cholestarnlosie, were noted 1in
the gallbladder body and neck, and the distribution of fibrosis, edena,

and red-cell extravasation was simf{lar in both reglons.
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TABLE 1 = "~ .. e T )
‘Histological Scores for .Diseased Hgm@n'cgllbgéddqré,
. ]
Hisfological Score
Cholecystitis Group v ;ﬁBod& ' Neck
Mild Chronic" ©. T 5.3 40.3 (n=29) - 5.2 + 0.4 (n=25)
Advanced Chronic . 8.5 + 0.3 (n=51) 7.3 + 0.4 (0=48)
Acute o .12.5 '+ 0.6 (n=18) " 11.6 + 0.6 (n=15) -
A" “ .
'TABLE 2
¢ .. Comparison of Histological Scores‘fog Human
. Gallbladders with' their Corresponding Cystic L
N Ducts in Chronic Cholecystitis’ »fl
. Group -/ } {h:n;f' ' Histological Score
Gallbladder Body (n=16) - S LT T e2s + 0.5k
Cystic Duct (n=16) © : ‘ : 5.75 + 0.59
. A s 5. ’
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"In both mild and advanced chronic cholecystitis, mucosal

Y . -

G W& ey e "~ v T L R A

hyperplasia_ *and ~ polyposis. were. .vprominentv featur:es (Fig -2 .A;B), .

‘aeﬁpecﬂial‘f’svty ;'in““fh'e ng‘i-‘.k.:“tegi'on whef‘e fo‘lds were commonl«y taller ancI mare,

- e o v n -

numerous- . Cholesterolosis. was_clearly evident in both regions in“

- .
£ - — e e e e,

severa‘l specimens. About 207 of the neck sections examined contained
scattered mucus glands deep to the mucosal layer (Fig. 2 A B )“ they
were digtinct from ,Rokitansky-Aschoff_ vs.inuses, and. their cells .were

usually large\‘!andw'lightly stained. The inflammatory infiltrate, which

" was predomi«na'ntly lymphoé?tiw, ‘wasevident in-.the mucosay anaﬁbv"usuaﬁlly .

-

‘7’ ‘jusﬁi deepi €0 the - muscle l%yer . In the'mildly inflamed galllzladders, the -

T : ‘
areolar layer was the thickest; wheveas those. evidencing progressdive
\ e

disease had undergone hypertrophic change, with incre;sin'g relative

thickness of both the mucosal and the muscle layers: In 4advanced
chronic cholecystitis, in many cases the muscle layer was ~the wall's
thickest layer and in.most was thinner in the neck than in the body.

In acute cholecystitis, the epithelial changes" were closely

associated with the nature of the inflammation. There was extensdve
mucosal u,lceration: in many casegs the epithelium was completely replaced
by regenerating or metaplastic epithelium (low, cuboidal, with central
nuclei) In the 'acute' group the wall was commonly replaced by scar
tissue. 1In some,,however, though the entire body was_fibrosed‘the neck
contained muscle fibers.  In some cases, 'large polyps were noted in the

neck but none in the body.

Cyétic Duct
Many of the histological features noted in the gallbladders with

chronie cholecystitis, including mucosal polypos)i , were geen in vthe
‘ *



LD IO T FIGURE 2

Characteristic Appearance of Human Gallbladder Body
and Neck, and Cystic Duct, in Chronic Cholecystitis

.ow s e s e

Transverse sections from oné gallbladder. The muscle layer is
interspersed with layers of loose connective tissue: '(Sfaining

7

with hematoxylin and eosin. Magnification, X 35.y

FIGURE Z2A. Géllbladder body. The mucosal and muscle layers
are thickened. Mucosal.inflam#atory infiltrate is slight. ‘Topo-
‘g:aphy,of the muscle layers shows longitudinal intérépersed with

circular muscle bundles.

FIGURE 2B. Gallbladder neck. Mucosal hyperplasia is evident.
The' miscle-layer is .thinned and there are wide gaps between some of
the muscle bundles. Mucus glands are present in the submucosa and -

1

muscle layer.



Figure 2A

Figure 2R
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FIGURE 2
(Continued) |

FIGURE 2C.

g ? : :
Cystic duct. The mucosal layer i

foci of ulceration are evident.

cytic infiltrate throughout all three,layers..‘The.muscle_layer'..

is thin, and the muscle_bundles are separated

connective tissue.

L R I

L A PE TR

s thickened and»

There is a moderate lympho-

by interspersed
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Figure 2C
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- mucosal ulceration which was’ preseht i the . duct.: of several specimens.:

RN 34
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,,,,,

corresponding cystic ducts (Fig.:‘ééj a notable. eXCEpvion was' focalw o

T Inm 6 of the 16 specimens examined mucus glands wete Found © 1a *the’

~~mucos'al layer; some of these contained an accumulation of milky mucus’

‘the aplical epithelium and the .muscle lafet was thin (Fig. 3 A,B).

in apical areas of the epithelium. and in the villous polyps. The”muscle
layer ‘was thin. in all, and the muscle'Bundles were widely separated by
connective ~'ftissuc-_'. in many, (Fig; ZC); : bne’ ot the most notable
histological-featutes was fibrosis, .commonly extendingvthrOugh all thtee

layers; it was present in more than half the cystic ‘ducts-examined . ...
bl - e e N ~ e
& .. . . 0,, e —~gy . . . - - e e e
= L . . . . o A R Y s>

CANINE GALLBLADDERS AND CYSTIC DUCTS

' The only' notable - feature - detected -was a «lymphocytic mucosal

infiltrate in two of the seven gallbladders examined. MucuéVOlands wdre

-

found in the body of three-gallbladders and 1in the cystic ducts.

both gallbladder and cystic duct accumulations of mucus were found in

\
[

i
;

MoRPno'LocY AND THICKNESS OF GALLBLADDER AND CYSTIC-DUCT MUSCLE

<

The morphology was similar in the diseased human and normal canine

gallbladder and cystic’duct; The muscle layer commenced just deep to

‘the base of the mucosal folds. On transverse section (Figures 2,3), it

appeared to be composed of longitudinal, circular, and oblique muscle

bundles; longitudinal muscle bundles were more numerous in the canine

’

gallbladders (Fig. 3A).
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FIGURE 3

v

Characteristic Appearance of Normal Canine Gallbladder
Body and Cystic Ducc

Transverse sections. Staining with hematoxylin and eosin;

Magnification, X 35.

LI

._EIGURE 3A.. Gallbladder body There is some stunting of mucosal

folds. The muscle layer is’ tlghtly packed with malnly longltud— - e

<

1nal muscle bundles. There is a mild lymphocytlc 1nflltrate in

the mucosal and areolar layers.

FIGURE 3B. C(Cystic duct. The mucosa bears small polyps and
contains a lymphoid follicle, and the mucosal epithelium contains
accumulations of mucus in its apical areas. The muscle layer is

very thin.
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TABLE 3

Muscélé Thickness in Human Gal

- Body and Neck

lbladder

Cholecystitis Group

Body

Thickness (x + SEM, um)

Néck

Mild chronic
Advanced chrounic

Acute

-

300.0+18.0 (n=29)
466.2+23.3 (n=50)

245.0446.3 (n=17)

- e

263.0+24.0 (n=21)
331.0+18.0 (n=48)

310.0435.0 (n=12)




. TABLE 4

Comparison ofeMuscle ThicKkness in Human
" Gallbladders with their Corresponding "Cystic Ducts

~

38

Grodp'

Thickness (;'i SEM, um)

1. Gallbladder Body (n=7)
2. Gallbladder Neck (n=7)

3. Cystic Duct (n=7)

423.0 +

300.0

i+

109.0 +

21.7
24.5

18.0 ‘

1l vs 2.  P<0.05 1 vs 3 P<0.05

2 vs 3 P<0.05

TABLE 5

Muscle Thickness in Canine
Gallbladder Body and Cystic Tuct

Group

1. Gallbladder (n=7)

2. Cystic Duct (n=5)

— vy m———— e

@l

— - — .o e e se——— e e

Thickness (x + SEM um)

287,

44

1

.0

+

ha

33.7

12.0




'The'meaﬁ—thickness of  the muscle layer Qas less in the neck tﬁ;n in
_the body.of gallbladders, the differénce' was- significant’ in mild “and
advahced~chronic cﬁolecysfitis.'bué not in acute cholecystitis: |
(Table.3). In both human and canine specimens,~th; mean thickpess of

the muscle layer was significantly less in the cystic duct than in the

gallbladder (Table 4,5).

MOTILITY OF

DISEASED HUMAN GALLBLADDERS AND CYSTIC DUCTS

Oaly . gallbladders with chronic cholecystitis and ‘thelr
corresponding cystic ducts were studied. It was not possible to harvest
cystic ducts at éholegyétectomyv in cases witrh acute cholecjystitis

because of techunical difficulries.

SPONTA&EOUS ACTIVITY

Spontaneous contractile acti;;gy occurred in 42 of 72 humah
gallbladder strips. When 1t occurféd in strips from the gallbladder
_body it wag'also present in strips from the neck. Tt was present in 22
of B cvstic duct str{ps. It was detectable sgoon after theltissues were
set up, and was well established when experiments were begun 60 min.
. later. The activity varied widely 1o both frequeﬁcf and amplitude; hut
once the;e characteristics had heen established for a tissue they were
maintained for the duration of the experiment. The frequency of
spontaneous activity was similar 1in str}pn from 711 threg regions. Tt

varied from 2 to S5 per minute. The amplitude was the same {in strips

from the body and neck of the gallbladder but was lower 1in the cystic

39

’
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‘duc: strips. . It - va7ied in all- three regions from about 10% to 70/ of
. the maximal contraction to acetylcholine

This activity rarely masked the drug~induced response of a
preparation. In ﬁoét éases; fhe addition of a drug indﬁced a tetanic-
like contractile response and reduced or abolished the spontaneous
activity. At near-maximal and maximally effective concentrations of
drug, therg was usuvally no trace of spontaneous activity agsoclated with

'
the contraction to the drug.

DRUG-INDUCED RESPONSES

The tone of the strips was adjusted initially to 500 mg. It was
maintaiged at this level during the experimeunts. “The onset. and rate of'
rise of the tesponses to the vartoue agonists used was similar 1n srrfpe
from the body and the unerk of the gallbladder. The «aystic duct
responses to acetylcholine, histamine and CCK-OP reached a peak hetight
more slowly, and were more sustained than those from either the body or
nack of the gallhladder " There was very little differenoe iﬁj the

response pattern of rhe strips to bradykinin in any of the 3 reglons.

Acetylcholihe

~

Acetylcholine induced contractile responses in all the ‘gallbladder
and cystic duct gtrips tested. The threshold response occurred between
10~7M and 10-6M concentration in hoth groups. The contractile response§
were concentration-dependent. There was no significant difference in

,‘ .

sensitiviry between the gallbladder and the cystic duct.strips (Fig. 4)

[EDgn(uM) 16.9%4.1 and 9.6+0.9 respectively]. However, the mean maximal
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FIGURE 4

Concentratio_nﬂ?espdﬁse Chﬁ;‘vég to Acetylcholine in Untreated
Strips ‘of Huma llbkadder Body and Cystic Duct

L ’.\.V-f_lg ‘:;;33-
Acetylchollne—induc._égg
gallbladder body (e% :
Results (mean + SEM)“'&?és-\‘

maximal reaponse.
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response wasg significantly greater in thé gallbladder'strips (0.79£0.09¢g
vs 0.28%0. 028) ' ' ” ' '._ S _a' = :

o ‘ e, T

af
e .

Cholecystokinin Octapeptide

A

C CK-0P consistently produced concentration—dependent ‘contractions
in .strips of human gallbladder and cystic duct. Strﬁgg froP 111

' - . . . it

gallbladders and cystic ducts with chrqnic cholecystitis were studied.

Iy

In a further two cystic dudts, %hegstrips did ndt'rggpﬁhd to CCK-OP-

(10—11M -3 x 10_7M)} The mean sqpsitivity and maximal response tc CCK~
OP of gallbladder body and heck s;ripa was the same (Fig..S),LEDSO(nM)
20.745.4 ~.and_-‘15'.7:}:3.7; ”'ma:;, ‘response(g); Ao.aeaco.n‘ and' 0.4040.08
respeCtiuely]. In the cystic duct the ‘sensitivity "to -CCK-OP ‘was
fsignificantly decreased (Fig. 5). 'The’mean EDgq(nM): was 63;2i13.4.!-The
apparent ‘lower .mean :maximal .response‘ in _thei'cystic ductu'strips'v
(0.29¢0_o7' g)"was not significahtly‘Ldifféreht frou ‘the gallhladder

Yo - s I

strips. '

Histamine | |

Histamihe (10;6M = 16'3M) cohtracted éallbladder and cfstid duct
strips, marimally at about 3 i lO'éM. (This may not have been the true
maximal reéanse, as the ‘tissue frequently did not respond reproducibly,‘
to: higher concentrations). Histamine (10 6M 10'3M) had no effect on
three gallbladders and their cystic ducts but iu another 8 it caused
concentration—dependent contractions'(Eig..6)~ -There was ngﬂsignificaht
'.Hdifference"betweenﬂ the gallhladder? and cyStic- duct 'sedsitivity
.,ftbso(pH) 15. 1*2J and 18. 4*4 9 respectively]. Strips from odl}ithree

3
o
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FIGURE 5

Concentratlon—Response Curves to CCK—OP in Untreated Strlps
of Human Gallbladder Body, Neck and Cystic Duct..

'-CCK -OP-induced" contradtlle responses of strips of gallbladder
body (e—e, anO), gallbladder neck (t——i, n=>5), cystlc duct
(o0—o0, n=10). .

Results (mean +- SEM) are expressed as: percentages of the-
maximal response.‘
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FIGURE 6

ConcentrationFResponse Curves to Histamine in'Uﬁtreated
- Strips of Human Gallbladder and Cystic Duct

Histamine-induced contractile responses of strips of
-gallbladder body (o—e, n=8), cystic duct (o—o, n=8).

Results (mean + SEM) are expressed as percentages of the .

max1mal response
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gallbladder necks were examined and their sensitivitf,was similar to_thg
other. two regions. The mean maximal response'was significantly sméller
in the cystic ‘duct than in the gallbladder body - (0.1440.05g ‘ws

0.8340.25g) .

Bradykinin

Brady§inin consistently n‘produced contractions of isolatsd
gallbladder an& cystic duct;sttips; on ‘a molar basis, it was about 10
times msre active than_histamine (Fig. 7). The maximal responses to
'.bradykinin wsré_greater thaﬁ with any of the other three drugs tested.
The respoﬁées occurred'in the 10'8M to 5 x 1072M range, maximal st 3 x
lO‘SM. The sensitivity of the strips from the gallbladder neck and
cystic duct was similar (ED 500 : 0390*0:27 and 1.0840.26 [n=9]). The |
- ecystic duct and, gallbladder neck sglips were significantly more
sensitive (P<0, 05) than the corresponding strips from the\gallbladder
’ body (EDSOuM) 2.041£0.33 [n=9]) The maximal responses were
significantly._greater in the body thsn in tse_,néék or cystic. duct™
.(1.0510.19 g;(O;SOiO.ll g; 0.34+0.73 g respectively).

t

MOTILITY OF HEALTHY CANINE GALLBLADDERS

AND CYSTIC DUCTS

SPONTANTEOUS ACTIVITY

FSpontanepus activity was present in 40 of the 45 gallbladder stribsii
’e#smined and In 2B of the 30 cystic duct strips e#amineﬁ} Usually; it
| commenced. soon after the preparation was mounted and continued

throughout the experiment. The deéree of this activity varied among the
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FIGURE 7

Concentracion—Response Curves to Bradykinin .in Untreated
Strips of Human Gallbladder Body, Neck and Cystic Duce,

. ~ ) .
‘Bradykinin—inducéd contractile responses of strips of .
gallbladder body (e—e, n=9), gallbladder neck (&4, n=9),
cystic duct (o—o, n=9). . S
Results (mean + SEM) are expressed as_pércehtagés of the
maximal response. ~ '
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preparations within each group. In general the frequeﬁcy was similar in-
the gallbladder and the cystic duct strips, but the amplitude was lower

. : : 2
in the cystic duct preparations.

‘DRUG—INDUéﬁD RESPONSES
The tone of the strips was'adjusﬁed initially.to‘SOO mg. The tone -
© did not rise. during eéuiiibration of during the experiments. The cystic
duct, 1in /the vast majority of cases, responded as. did éhe human cystic -
duct to acetylcholine, histamine vandv CCK—OP with a contr;ction that
reéched peak height more slowly, ;?nd was more sustained tﬁan was

observed with the gallbladder responses. This response pattern was less

-~ fltked with bradykinin.

Acetylcholine

All ' the gallbladder and cystic duct strips responded to
acetylcholine (10‘3M). Consistent concentration-dependent contractions
occurred in both sets of strips. There was no significant difference in

. “)‘n ‘. .

the sensitivity between the two organs (Fig. 8, Table 6). However, the

mean maximal responses were greater in the gallbladder strips (P<0.01).

. Histamine

’Histamine broduced consistent concentration~dependent confractions
in both gallbladder and cystic duct strips.' Therg was no significant
‘difference 1in _the sensitivity between ' the two groups but the mean

maxiﬁal responses were greater in the gallbladder strips (Fig. 9, Table

6).
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. FIGURE 8

Concentfation -Response Curves to Acetylcholine fn Untreated
Strlps of Canine ‘Gallbladder and Cys&ic Duct

Acetylcholine—lnduced contractile responses of strips of
gallbladder body (e—e, n=5), cystic duct (o==o0, n=4).

Results (mean + SEM) are expressed in percentages of the
maximal response
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"'FIGURE 9-

Concentration-Response Curves to Histamine in Untreated Stfips

' of Canine Gallbladder Body and Cystic Duct
Histamine-induced contractile responses of strips of gallbladder
body (e—e, n=7), cystic duct (0——0, n=8). Results (mean + SEM)
are expressed as percentages of the maximal response.
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Bradykinin v
Buddykinin produced consistent concentration-dependent contragtions

in both organs -in the concentration range 10~8y ,to 5 x 107, The ~

sensitivity of the strips to bradykinin were similar in both groups but

w-&‘r :
again thé mean maxi . tesponse was significantly greater in the-
e o . l b N ) o ’

gallbladder strips (Fig.' 10 Table 6).

Lo

Cholec shbkinin Octapeptide

- $ b | ‘ - rd .
The gallbladder and cysticqiuctjiﬁrips responded to CCK-OP in™ ;:d =
WS BRI
‘ concentration—dependent manner. Thé&EDSOKnM) for the gallbl&dﬂ?r dﬁs \

. LY : 2
4.3%3.2.  Only 4 cystic duct strips from 2 dogs were examined.- It was

not possible to calculate an EDSO in'2 cystic ductvstrips because the-
maximal response. was not reached at a concentratioﬁ of -¥'%x 10;7MICCK-
OP. 1In the other 2"sfrips from one dog the EDgy:. were 10 and 15 nM.
The mean EDS) in the cystic -duct 1in this dog was approximately 3 times

greater than the corresponding EDSO for the gallbladder.

[
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FIGURE 10

vCOncentration—Response Curves. to Bfadykiﬂin in‘UntrbAted Strips
of Canine Gallbladder and Cystic Duct

. Bradykinin-induced contractile responses of strips of gallbladder
body (e—e, n=5), cystic duct (o0——o0, n=5).

Results (mean + SEM) are expressed as percentages of the

‘maximal response.



TABLE 6

RESPONSE OF CANINE GALLBLADDER (GB) AND CYSTIC-DUCT -(CD)

~ i "STRIPS TO ACETYLCHOLINE, HISTAMINE, AND BRADYKININ.
Maximal
EDSjO(uM)'. Response (g)
GB (n=5) 43.6 + 7.5 2.08 + 0.20
Acetylcholine .
: ‘ CD (n=4) 31.8 + 3.8 0.24 + 0.04
. o '
GB (n=7) 7.8 + 0.8 0.78 + 0.07 °
Histamine -
CD (n=7) 8.0 + 1.2 0.22 + 0.07
GB (n=5) 0.99 + 0.17 1.29 + 0.11
Bradykinin ‘
CD (n=5) 0.98 + 0.38 0.20 + 0.06




at
N

DISCUSSION * o

HISTOPATHOLOGY o ¥
e

Gallstones develop within the lumen (4.e, n;t in fhé wall) of f%é‘
o

gallbladder and can float freely within the orgah without prédubing any
sywptoms, pathological changeé, or disorders ofis function (97). However,
small stones or pleces of stones can pass into aﬁd through the cystic
duct into the common bile duct;. in such cases, 1f gallstones cause .
gallbladder disease (i.e., inflammation), pathological changes are
likely to be present in both 'the gallbladder and cystic duct. Also,
{ncreagin; lithogenicity of the bile, and other alterations in the inner
environnent J[e.g., increased mucus production (86,98)], may influence
the physiological state of the mucosa of the gallbladder or cystic duct
or both, by decreasing 1its physical properties (e.g-, :;sistance) and
thus damage 1t. Lee and Scott (99) demonsrrareé pathological changes in
the gallbladder before cholesterol gallstones had formed. A recent
study of choielithias}s has shown that pathological changgs may not be
uni form thrgughour the gallbladder and ecystic Aduct; and thus hasg
underlined the fmportance of examining bpth organs histologically
(100). 1In the above study, the mucosa of the gallbladder was intact but

the mucnsa of the cystic duct contained multiple erosions (100), and the
A

|
1
N
1

thors postulated that thig cystic duct abnormality caused or
contributed to subsequent gallblaéder stasis.

The pre;enr study was designed to accbmplish two aims: to evaluate
the incidence and natufé of cystlc-duct disease asgsoclated w{th
cholecystitisg, and to correlate histological changes in fhé;gallbladder
body, neck, and cystic 'duEf in cholecystitis. Because no uniform

~lassificatinn of gallstone disease has been established, a histological

513
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-

scoring system was developed to define more clearly the grades of

disease. This system is based on traditional classifications but allows
quantification of the stage-related changes. In addition, {1t was
designed to assess associations between individual changes in pathology

.

and contractility.

Gallbladder Body and Neck

The normal histglogical structure of the gallbladder body and neck
1s generally similar, but there is less muscle and more elastic tissue

in the neck (IOi)E the neck's middle layer comprises mainly fibro-

9

elastic components, whereas the body's 1s muscylofibrous. Another

feature distinguishing the neck from other parts of the gallbladder is

-

1ts content of mucus glands, strutturally similar to salivary glands;

they are normally arranged singly, or in groups of two or three, in the

areolar layer (101,102).

\

In this study, the histqldgical:abnormalittes were qualitatively

the same 1in both regions of the gallbladder but the hypertrophy

"

assoclated with cholecystitis was more pronounced in the neck; the

e : ‘
- mucosal folds were taller, d in many cases the muscle layer in the

T : .,

RE-N o '
neck was not much thinner. than .in the body, so that 1its relative

w
KA

Increase in thickness was'greater?:_fhe.increase in the neck's muscular

gpﬁﬁonents lend some credgg&s to the theory of a muscular sphincter in

the inflamed gallbléi%?fé§728,101). This may have functional

significance; it could;éiso influence the rate of development of the
3.

pathological process 4in $he ugali%ladder. 53. the ' excretion of bile

requires synchrony ande ifiteraction of all parts of the bile-excretion

system and disordered function in any part. immediately ‘affects the whole

]
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system} ‘Furthermore, .any obstruction at the. outlet will affect the
degree of:gallbladder inflammation. « En cholecystitis, in most instances
the obstructinn i1s a calculus impacted in the neck or cystic duct, but

in some it may be due to asynchronous 'activity of the .'muscular

sphincter', -~

v:

Cystic Duct

Histological scores and palhological classification of the éystic
duct weres identical with those of the gallbladder, indicating that the
~yetlic duct way be closel§ concerned 1in the etiology of gallbladder
diseaee; Occlusion of the cystic duct has been considered a prime
factor in the production of acute cholecystitis (103), this, of course,
is commonly due to impaction of a gallstone in the duct's 1lumen.
However, becarsece the cystic duct limen 1is so small, and assuming that

ductal and r"'hladder histology are the same, minimal inflammation will

have aamucb aro~ter effect on the c¢ystic duct than on the gallbladder

Minimal thivbeo'ng of - the gallbladder wall in ‘early cholecystitis‘ is

unlikely. on its own, to,progress to more advanced disease; but eoual
thickening of thei(narrow) cystic duct cou&d delay gallbladder enptying
and lead to stasia; ‘and thus could induce a cycle of events leading to
. o

all degrees of chronic cholecystitis. It has been shown experimentally
that bile retained in the gallbladder by cystic-duct obstruction induces
inflammatory change and fibrosis of the gallbladder wall (104)

Mucus glands and epirhelial appearances of increased mucue‘
production were a common feature In the cystic duct in both human and
canine specimens and present 1in ‘the gallbladder body also ia the

latter. A recent study (98) indicated increased production of mucue in

the pathogenesis of cholesterol gallstones. If hypersecretion of mucus

»
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occurs .in' only the"cystic-duct region in humans, it may be that.

vinflammatory changes in the cystic ‘duct pr:.edate _those "in- the

' gallbladder. o N

As in other studies (84 ,85), fibrosis in 'the ~wall of the,'cys't_ic
"duct '-.was‘ common, but this ~ did. lno_t _‘se'em to limit the g.d'uct'»’s

: conti‘dctility. o ' ‘. ' A S : _-.l
'MUSCLE MORPHOLOGY

Hendrickson (26) and Lutkens (28)° described a distinct circular‘

[

band of umscle in ‘the gallbladder neck. The present study revealed a

4]

definite muscle layer in the neck region, but on transverse section this.
appeared to be composed of longitudinal circular, and oblique muscle
‘fibers, similar in arrangement to the muscle layers in the gallbladder
body and cystic duct. - In a previous study_ (38) the mean thickness of.v

© N

the: muscle' layer in t‘he' 'human gallbladder reveal'ed signif.i’c_ant

'intergroup differences between gallbladders with mild chr\}o'nic'."nd

: advanced chronic cholecystitis, and between those with advanced chronic

¥
and acute cholecystitis. The muscle layer was thickest in advanced

chronic cholecystitis (Table 3) _ Furthermore, comparison of muscle and
-wall thickness using a Zeisa MOP digital analeer revealed a greater-.
percentage of muscle in the body wall of gallbladders with advanced . k

c'hronic than in. those with mild chronic cholecystitis, and only a very
L 30

'thin layer of muscle ' was - - present’ in gallbladders with acut:e_.'

cholecystitis (38). ' L
The muscle 1ayer in the gallbladder neck was most hypertrophied in
the human gallbladders with advanced chx:onic cholecystitis._ In .that

I}



group'the gaps between muscle bundles; whicn‘were.filled vith connective
tissue, uere narrov;:whereas”&n mild chronic cholecystitis they were
- mide. In both human and canine specimens, the muscle layer was. thickest'
",1d’ the gallbladder body, thinner in the - gallbladder neck, (human)‘and

thinnest in the cystic duct. These findings concurﬁwith‘those,of Scott

and Chansouria (29) . R . “'f.
I

GALLBLADDER AN}D CYSTIC DUCT MOTILITY - =°

Justification for Studies in Vitro .- *
Studies.in_xizg:are an essential element‘in»acquiringuknowledge of
gastrointestinal motility, but they posevthe problem'of_differentiating
. the effects of each’of the many variablesuinvolvedfat anyfone timehandA
-are limited by ethics and technical difficulties. The investigation of
motility in the diseased human gallbladder and cystic duct in vivo is

o e

further limited by regulatory effects of - extrinsic nerves and hormones

~changes in blood flow, and the influence of ' exogenous agents such as.“,'ﬁ

anesthetics (105) and other drugs. In addition, most studies involvei
radiological techniques that require patency of the cystic duct. R

Experiments on isolated strips of tissue will eliminate many of
these problems, and ‘therefore provide a useful method for studying
gallbladder and cystic duct con:ractility. Studies in in vivo can measure
gallbladder filling and emptying but they -cannot evaluate the many
componen;s‘ involved in these processes.b lhis An vitro study was
designed to investigate the relationship between cystic—duct motility
and gallblhdder contractility, two major _components of gallbladdeq
emptying.;‘; e |

-However;}this methodfof study, also, has limitations:
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1.

classification of chinges in contractility in- vitro and comparison with.

findings !ﬁl vivo.'

The lack of blood.supply.gives risevto two  artefacts:
(a) In' inflammed and thickened~ tissue,- the middle layers ‘are
probably hypoxic. However, for reasons unknown; strips of such

tissue that are exposed to oxygenated medium respond for many

‘hours.
(b) brugs introduced into the'organ bath diffuse abnormally into

the tissue (i.e,'nOt from the blood stream). This may not be

important, ‘a § .studies of several substances with ‘isolated,

tissue and in nggvhave shown similar results (106) . 'Manylof
the substances tested ‘in motility gtudies of the
gastrointestinal tract are present in:the wall of the gut and,
probably,‘ of the gallbladder and .cystic duct. As they are
_normally released within the tissue,' diffusion into ‘isolated
preparations may simulate the conditions in_zivg_quite closelv
i but diffusion into a tissue does not.

The effects of substances that act centrally cannot be detected on
isolated tissues

The effects of a drug in_vitro'and in vivo may'bgfdffferent; for

N
Y

‘example, a substance that- 'is effective ‘Efl“vitro (e.g.,
acetylcholine) may be inactivated very quickly in vivo, and vice

versa.
——

Biological idiosyncrasy always ’remains. This factor may be

.

- .

,responsible at least partly for wide ranges of values in identical

.o "":‘ &
studies, both in(vivo and -Ain vitro..]”‘

v

' Despite these limitations, the design of the present study allowed

. urthermore, as many of the test drugs exert their

58
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effects directly on the muscle, contractile responsiveness could be

correlated with the thickness of the muscle ‘layer in various grades of

inflammation.

Interpretation of Motility Results

There are many factors which can affect the responses of fsolated
gut muscle. There mayvbe great variation‘in the way gut muscle from
different species ‘responds ‘tox drugs' and different regions of the gut
from the same animal may respond quite differently to a drug. The
degree of oxygenation is important for the viability of the tissue, and
often for the level of ton;'and spontaneous activity. The temperature,
recording techniques, and the storage of tissue can all affect the
responses. Sensitivity of isolated tissues to drugs often fluctuates
during the course of an experiment and declines markedly after.seyeral

R : b

hours. 'Submaximal control responges to constant doseS-,of drug nmust
thereforefbe obtained during'the course of an assay.‘ The responses of
- 1solated smooth muscle are - influenced by the age and sex of the
animal. '-In this study on pathological tissue, the thickness. of the
strips may affect the sensitivity to. the agonlsts .by slowing the rate of
diffusion of the drugs to the receptor sites on the muscle. | '

When studying pathological tissue, one must alsovtake-into account
that real changes in sensitivity to an agonist (as distinct from
apparent'changes) may occur due to receptorodamage.'/This conceivably
could‘happen in cholecystitls where the muscle is often 1involved in the
inflammatory process: It is therefore important~to'look directly at the

binding of drugs - to their. receptors rather than inferring the binding

affinity from an analysig of dose-response curves. One o?\thézsimplest

&’
’



and yet most direct "~ uses of receptorv bindiné studies 1is the
-determination of the number of receptors ‘in tissues, and the changes in
receptor density during develofment, and as a result of nenroehemical
and pathological lesions. | |

The abone-mentioned factors serve. to illustrate the problems
agssoclated 'with the measurement of biological responses to drugs.
De%oite these probleme tioessay is often more 'seneitive and more
epecifie tnen existing methods of chemicadl and physical eetimation;’and
it ie"simple and ‘inexpensive. In thie_ study adherence to a rigid
'protocol"allowed for more ‘accurate fingzrpretation and ,comparison. of

results.

- TONE AND SPONTANEOUS ACTIVITY

.- Intestinal emooth muscfe’noseesses intrinsic‘myogenic tone which 1s
not:aependent on nervoee stimulation;.i.e., it occurs spontaneously even
in isolated nerve-free oreparations It is a feature of nost types of
smooth‘musele. Myogenic_excitation originates spontaneously in a group
-of muecie cells acting as pacemakers. This type of myogenic tone has

..

been observed in all parts of the’ biliary tract (42,107). *
When isolata smooth-muscle Preparations are set up in organ baths,

there 1s. intrinsic tension in the'tiseue. In addition, the tissue can

exhibit rhythmical contractile activity,$this often increases with time
. e .

and following the addition of drugs to- the

otgan bath. Thesge features

e

3 P
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have been observed in isolated canine and,guineafpig gallbladder strips

(42,107). In this etudy'bbth;&uman and’ eanine gallbladder and cystic

duct strips exhibited spontaneous .rhythmical .activity - in vitro.

However the€ precisee characteristics of this activity varied_'in both

-
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organs. This abseryation suggests thét there 1is a graduél chénge in the
"character of the épontaneous activity from gallbladder to cystic duct.
'The significance of this fiﬁ@ing is unknown.

Little is kq{?n of the electﬁophysiological events underlying tone
and spontaneous activity in the biliafy tracﬁ, which ‘wmay 'not‘ be

comparable to those in other parts of the gastrointestinal tract.

Acetylcholine

o
s

The régﬁlts of the present experiments-‘maké .1t clear that the
isolaEe& human and canine gallbladder’an& gysgic dﬁct.mUScle possesses
cholinergic receptors. We_fouﬁd'that che'Vast‘hajority of the strips
responded to acetylcholine. 'The r;spohses7are probably not affected by
premedication or anaesthetic drugs. As Fishlock and Parks (108),founa-
that Qariatiéns in premedication and anaesthesia made no difference to
. the responses of colonié“muscle to acetyléholine, it”see;s likely that
resulté obtained wiéhﬁ't}ssues removed at »6peration represent ,the
pharmacology. of untreated'isolated tissue.

Acetylcholine, whicﬁ ac;3"4lrectly on muséle cells, élways caused
contractile responses. The responééSJWere similar in most respects to
those of intestlnal smooth musple;. though ‘the ﬁlhe courgse of the
cqnﬁraétion was slower 1In most cases.

Clénachan f?:_él: (40) have demonstrated increased reslétance to
flow in ganine cystic dUctufollowing acetylcholine stimulation and have
also shown acetylcheline-idduced contractile responses in the cystic
“duct .in vitro. Their findings éfl vitro Eoncﬁr ‘with -0ufs, ~and lend

support to the qpnﬁention that the cystic duct has sphincter-like

properties.
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Cholecystokinin

The vrecent development ‘of a more specific and reliable
radioimmunoassay for CCK (109) and of gallbladder imaging by
ultraeonography and cholescintigraphy has nrévided the tools for safe,
detailed‘ study of CCK's ‘pnysiological effects. - These noninvasive
techniques will enable studies of gallbladder emptying in healthy human
volunteers and patients with gallstones, and the JEL.XiEEEL,teChnique
renorted here will _permit~ evaluation of the effect of CCK on
contractilitv of gallbladder and cystic duct, a ma jor component of_the
emptying process.

It is assumed that CCK relaxes the sphincter of‘ 0ddi. lhis
assumption, together.witn the belief that CéK's only mode of action in
the biliary tract 1s via a direct effect on smooth muscle (60 61,110)
has led to the presumption that CCK if 1iec affects :the cystic duct,

relaxes it. All of the relevant studies have shown that CCK contracts

smooth muscle (59,60,110). However, Toouli et al. (54) -recently

LV

postulated that the oetapep’ de of CCK (CCK-OP) may also stimulate
nonadrenergic, noncholinergic inhibitory nerves within the sphincter of"
0ddi, and that this .may be its dominant effect. . If, therefore, the

sphincter relaxes when the direct stimulatory effect of‘CCK on muscle is

ove:ridden by 1ts neurally mediated relaxant- effect -it vis net
unreasonable to suppose that absence of inhibitory nerves in the cystic
duct, or a minimal effect of CCK on them, would render CCK'svdominant
“effect on the cystic duct contractile. , : : _ - L

' The contractile responses of the human and canine cystic duct to

CCK QP in this study concur with the findings, both in vivo, and in

T4
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vitro, reported é@;CourtneyJEE_Elf (62). Also, their study'revealed‘a
differential sensitivity to CCK in the gallbladder and cystic duct.':The
sensitivity to CCK was up'to six times 1less in thé duct than in the
gallbladder, and responses to éCK in vitro were more sluggish in the
iduct. In the present study :of huﬁan specimens, the sensitivity
difference to CCK of the duct was only three times less than in the
gallbladder and the mean maximal responge to CCK, througﬁ smaller in the
cystié duct than in thé.gailﬁlad4er, was not significantly so. - Thus the
dynamics of bile fiow in humans> are more likd&ly to be defermined by
sensitivity differences to the agonists that control extrahepatic
biliary mgtility than by the magnitude of the responses. These findings
in human tissue tend to support the hypotheéis of.increaseq res;stance.
to bile flow in the cystic duct in patients with gallstone disease.
Interesting;yf two of the humaﬁ(gallbladders contained pigment stonés
(one paﬁient had hereditary spherocytOfis), and in both - cases  the
sensitivity difference between the gallbladders and cystic .ducts was
only two-fold. (In one normal human gallbladder not- included in the
present - study,, the cystic duct was 12 times less sensitive than the
gallbladder’to CCK). \

. The 'stimulatory effect of CCK on ghe cystic duct may help to
explain the mqtil;ty abnor;alities in gymptogagic acalculous gallbladder
disgase. Cholecystokinin cholecystqgrapgy:is‘uséd in ‘some centeré to
detect wmotility disoréérs of the _gallpléddet (112-114) " because it
provides a maximalA gtimulus tq congractidn' of  331lb1addérs shown by
conventi?nal chdlécystography to empty very slowiy. In two studies with
© CCK cholecystography_(91,113), visualiéatan was proléngéd and emptying.

of the gallbladder was delayed. T have formed the hypqtheéis that, in
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this group of patients with funetional billiary-tract disease (e.g.,
cyetic—duct syndrome, biliary dyskinesia), the difference in sensitivity
to CCK between bhe gallbladder and. cystic duct 1is minimal = or even
reversed, so that the cystic becomes more sensitive :to CCK than the
gallbladder. As srudies of these organs from two such patients (not in
the present study) shewed sensitivity to CCK to be 3 and 5 times greater
in the.cystic ducts than in the resbective gallbladders, this hypothesisv
appears at least as plausible as those proposed b& others (113-115),
including kinking of, compression of, orfabnormal valves in the cystic
duct, or degenerative diseases of 'the gallbladder. _In'a majority of
cases; there 1s .also sdme degree of gallbladderlinflammation (83,115),
most likely the resnltd of gallbladder stasis due te the 1impaired
gallbladder emptying just described.

Evaluation of the CCK-0OP- indﬁfed .contractile responses in the
gallbladder neck showed mean sensityvity and mean maximal response to
CCK-OP the same as in strips of the gallbladder body. This partly
‘refutes the postulated existence of a physiological - sphincter in the
‘ gallbladder neck. There was no gradual transition in sensitivity to
”gCK-Obeetween the body of the gallbladder and the cystic ducﬁ.\

'K\“ MEDTATORS OF INFLAMMATIQN ’

Histamine and bradykinin can be termed('local mediators of
“inflammation. The formation or release of ‘such, mediators in re8ponse td
a stimulus, such as cell injury or antigen antibodyrreaction, 1is notd
. well understood . ‘As local mediators are usually inactivated before

producing systemic effects, their distribution 1s probably an important

2
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determinant of their role. Eof:exampie, as most of the body's histamine .-
is in mast celis (116), the distribution of histamine relates to the
location of this type of .cell; (this 1is usually in closé proximity to
small blood vessels) as mast cells are present in almost.;ll tissues,
histamine can exert 1its effect anywhere in the body. Similarly, as the
system that forms br;dykinin is present in all tissue fluids tﬁroughout
the Body, bradykinin can be activated at any site”?il7).

Therefore, both thgse local mediators may be involved cholecysﬁitis

and, as a reﬁult, may affect gallbladder and cystic-duct motility.

Histamine

Both H1 and HZ histamine receptors are present-in the cystic duct_
(5). 1In the canine cystic dﬁct, the preaominantveffeét of histamiqé is
an Hl —receptor—medi;ted increase in resistanqg (5). Ma&y'iﬁvestiéators
‘believe histamine helps modulate the motility of ‘tﬁe eitraﬁepatic

biliary tract 864—68). ] ' . ’
| In this §tudy,_ histaming contracted both gallbladaer' and cystié
.duct 1in botﬁ specles. Although the degree of sensitivity to.histamine

'

.was the same 1in E?th organs, the rate. .of contraction and the time
required for. animal contraction éppeared to differ, responses’ being
slower, and their magnitude significanﬁiy lower, ,in the cystic du;t.
There was no change 1in tﬁe. sens;tivipy to histamine of the H;man
gallbladder neck strips, but the magnitude of the responses in the neck
were fhtermediate to tﬁéée of :the gallbladder body and cystic duct.
Therefore 1t 1is possible  that the gallbladder contracts . strongly,

initially, and that delayed, weaker, contractions occur in the neck and

cystic duct. Thus, any effect of histamine on. contractility of the
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extfahepatic biliary tract does not prevent expulsion of bile from the

gallbladder.

Bradykinin
The range .of sensitivity of both human and canine tissues to
bradykinin was very narrow. TIn the canine specimens, sensitivity of the

cystic duct and gallbladder was  the same. In' the human tissues,
3 \ °
\

sensitivity of the gallbladder neck and cystic apct to bradykinin was
the same, and significantly greater thgn senéitivi;y of the gallbladder
body." However,‘the diffsrence was only.pwo—fold; this 1s (very small in
an in vitro study, casting . déubt ‘on its' significance in modulating
biliary-tract activity.

Although 1t {s difficult - to ‘ascfibe a* role to bradykiﬁ;n in
’motility of the gallbladder and cystic duct, this substance is a potent
stimulant of both organs. As a rlocal mediator of inflammation, if
present in large-enough amount it might give rise to both quantitative
and qualitative diffé;énces in aétivity. The conceﬁtration of a
mediator represents the b;lance begween‘ amount formed and amount
inactivated. 1In cholecystitis; damage and.anoxfa result in acidity of

. - *

the tissues. At an acid pH, the enzymes that inactivate bradykinin are

inhibited whgrgas'those that form it are Mittle affected; thus an acidic
environment favors the accumulation of bradykinin, which therefore is
likely to be present 1in both gal&bladdggl and cystic-duct tissue 1in

disease. If the gallbladder neck .and cystic-duct regioﬁ' were more

acldic in cholecystitis thah the gallbladder body, this might explain

. PR

a
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the .sensitivity difference to bradykinin noted above.
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However,

bradykinin may have no direct role itself, only wodifying the effects of

.other agonists on the tissues (78-81).



CONCLUSION : ) .

In 1937, Lichtenéﬁein and Ivy (10) "{COncluded" from their
oBsenyations: "The g}stic"duct is devoid of any organized system of
muscilature, which by itself could by contractién produce changes in the
Internal pressure 1in. the cystic duct™. This assertion by the leading
investigators of the biliary tract led to neglect of cystic duct
;funcﬁion“for ;any years. Following on the recent renewed interest in
ghis organ (3—7,1i,29,62), the present study has giveh clear indication
that the cystic duct is a; active<componept of bile—flow&dynamics.

The -observations . reported 'here} Showed. a distinct correlation
‘between cytic—-duct and gallbladder ﬁath%ng in gallstone disease and
indicated an etiological 1ink bet?gen;cystic-duct disease and stasis‘of
bile 1in the gallbladder. Furfhe; invesﬁigéfions are necessary to
determine whether Qfasis as a result of anatomicadly pathologicél, or
functional qpnormaligies of the éystic dﬁct, or a comblanation of these,
is responsible for'gallsgone formatign.in hgmans.

The contractility studies demonstrate that the cystic duct is

N

influenced by the same neuro-hormonal mechanisms as the gallbiadder. VIn
. gallstone disease,mediators of the inflammatory reéction may assuyme an
impqrtant role in both gallbladeer and cyétic;dgét,mofility. Motility
of the cystic duct requires more attentiong“the.duct,appeafs able to
respond 1in unison with or contrary to the gailbladder. fherefore it can

function independently despite its s;tdctural attachment.

68 "
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