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ABSTRACT

LR

Altered'gallbladder_notility‘may be 3 factor in the
etiology of cholesterol gallstone disease and in-vivo
studies suggest there is an altered qallbladder response
,to ChOl&Cyst@klxln if humans Wlth thﬁs condition.: In-vitro
human and anima stQ%&es/su;g:> there is altered. gallbladder
response to histamine in cholecystitis and in the dresence of
lithogenic bile resoectively Although the histological
ffeatures of calculous and acalculous cholecystitis are

. ]

» well documented it is unclear if these conditions are the.
-~ same, or are, in fact, 2 or more sepa}ate entities.

In this study the microscopic features of normal
gallbladders and .those with calculous and acalculous
cholecystitis were studied and in-vitro motility was
studied in the 3 gallbladder groups.

~ Human gallbladders removed because of suspected
cholesterol gallstone disease here collected immediately
following excision and transported to the laboratory in
oxygenated Krebs sclution. Sections,uere prepared for
microscopic”studies including measurement of muscle
thickness and gallbladder‘strips were nrepaned for motility
studies using standard organ bath techniques. )
There was no distinguishing histological feature between

acdlculous and calculous cholecystitis, similar findings

were present in both groups. Significant muscle hypertrophy'
- . . *

s
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was present, without eXception;-invall gallbiadders.in both
disease groups.

:Gallbladder strips contracfed in response’te field
stimulation and in the presence of atropine field~stimulatien
caused relaxaﬁion which was‘inhibited~b} Propranolol'but
not by Practolol. Non adrenergic-non eholiﬁergic inhibition
was not seen in any gallbladder StrlD. Adrenerqic receptor -
stimulation caused relaxatlon in all gallbladders and was |

S

antagonised by pr0pranolol but not by practolol. ‘o—adrenergic
receptors were demonstrated‘in‘only a small number of
gallbladders. Gallbladder sehsitiviey to histamine increased
with increasing degrees.of:cﬁolecystitis: the acutely
inflammed gallbladderiwas 30 times more sensitive than.normal.
Sensitié%fy to cholecystokinin was ‘the same in normal
gallbladders and those with/calculous ahd eealculous
choleeyetitis However, in the mildly diseased group there

was an increased contractlle ;esoonse when compared to normal
and other dlseased groups: the acutely 1nflammed gallbladder’
contracted very poorly in response to cholecystoklnln The
cholecystoklnln;llke hormones, gastrin; ventagastrin and

caerulein caused contractile respbnses in the gallblagder. ‘ ,

Of the other hormones studied only substance P.cadeed a

contractile response; motilin, glucagon,/iefyéfiizz§%>others
had no effect. _ : 7 ﬁ\\ o

The similarity of the hlsﬁoloqlcal features of acalcylous
. and calculous cholecystltis suggest that they‘are not

separate disease entities. The increased sensitivity to

histamine in acute cholecystitis may result in histamine



.

induced gallbladder spasm which may contribute to the pain

associated with this condition. The results of this study
©

show that the altered response by the gallbladder to

cholecystokinin in cholesterol gallstone disease is pfobably

Y

- due to altered contractility rather than altered sensitibity

to cholecyetokinin. Gastrin and Substance P may regulate
gallbladder motility. That the gastrointestinal hormone
motilin had no direct effect on gallbladder motility,

suggests that its action in-vivo, is an indirec?/enel

~ N



T,

&

. ‘é"h //
ACKNOWLEDGEMENT S

The creation of this thesis would not have been
possible without the cooperation and support of a number
of peoole. to whom I owe sincere thanks:

Dr Scott, my supervisor and Director of the Surgical-

- Medical Research Institute where the research was carried

out, for his invaluable helo, support;auidahce, and

friendship during my vear at Edmonton.

' -

Dr A.S. Clanachan, my assistant supervisor who, at all
times, ‘was available to give freely of his valauble advice and

assistance.

Dawne Collwell and Greg Olsen for their invaluable

assistance in the laboratory.
Cynthea Long for preparing the histology slides.

Dr Brian McPhearson who allowed me the use of his microscope

~and also helpeg,with some of the photogravhy.

”

Moira McCubbin and her staff for help in the Biochemical

Laboratofy.

Julie in the office who organised my finances.

Heather Lenz who converted my iilegible manuscript into

something workable.

vVii

.ol'



3

Miss Ursula Matthews for her invaluable aésistance in N\
: , _ P O
" the layout and construction of this thesis. o, P

e T
LT

’

i

. ) : \\ i, :
the Edmonton Civic Employees Fund for their financial

assistance. o .
Cathy Hammond and'Lee Guékian for typing my final

-~

manuscript.

viii



TABLE OF CONTENT S

INTRODUCTTION
CHOLESTEROL GALLSTONE DISEASE

REVIEW OF THE LITERATURE
ANATOMY :

Neuroanatomy }

PHYSIOLOGY
' ' Bile Storage

Bile Concentration

GALLBLADDER MOTILITY

NEURAL CONTROL .
' Parasympathetic Nerves <«

Sympathetic Nerves

Non-adrenergic Non-cholinergic‘Relaxation

HORMONAL CONTROL -
Cholecystokinin

Gastrin

Caerulein

Secretin ‘ .

‘Vasoactive Intestinal Polypeptide (VIP)
Glucagon ‘

Substance P

Motilin

Somatostatin ’
. Neurotensin 4

Bombesin , ’
Other Regulators of Gallbladder Motility

Histamine

‘Prostaglandins

* PAGE

wu

10
10
11
12
13
14
16
18
19
19
20
21
22
22
23
23
23
23
24

~y



GALLBLADDER DISEASE
Chronic ChOlecystitis
Acute Cholecystitis . *
~ Acalculous Gallbladder Disease
Motlllty of the Diseased Gallbladder
Calculous Cholecystltls
Acalculous Gallbladder Disease

THE PR E S E N T S T UDY

"'OBJECTIVES . .
" Studies on -Guinea-Pig Gallbladder

M ATERTIA ﬁ’SM AND METH O D S
Collection of Gallbladders
’ Gallbladders from Organ-Donors
- Normal Gallbladders

Microscopy

HlstologiCal4Claseification

Measurement of Muscle Thickness

Mot;llty Studies

- . Preparation of Tissue

Chemiicals and Drugs

'Analygis of Data
T e

RESULTS
MACROSCOPIC FINDINGS

MICROSCOPIC FINDINGS
HISTOLOGICAL CLASSIFICATION
Normal Gallbladder (n = 6) °

- Chronic Mild Cholecystitis (CMC; n =

43

Acalculous Cholecystitis (n = 5)

Chronic Advanced Cholecystitis (CAC;

Acute Cholecystitis (n = 17).

Mucocoele (Hydrops)

N

24
25
26
27"
30
32
33'

37
37
38
39
39
42

43
0 45

45

48
48
49
51

54

54

54

54

55
55
62
67
67
68



-
-+

A
MUSCLE THICKNESS |
Normal Galibladder
Cholesteroloéis | , )
-Chronic Mild Cholecystitis
Chronic Advanced Cholecystitis
Acute Cholecystitis

. Mucocele (Hydrops)

MOTILITY-STUDIES
‘Base Tension

Spontaneous Activity
ACETYLCHOLINE

B AGONISTS AND ANTAGONISTS OF ADRENERGIC RECEPTORS ‘

Adrenaline, Noradrenaline

-

Isoprenaline )
Beta-Blocking Agents

Phenvlephrine

" FIELD-STIMULATION

*. HISTAMINE
Histamine Recepntor Characterization

-~ HORMONAL STIMULATION
- .- Cholecystokinin

Caerulein, Gastrin and Pentagastrin

Substance P
Vasoactive intestinal polypeptide (VIP)

Human gallbladder
Guinea pig gallbladder
Secretin and other hormones

' SUMMARY OF RESULTS

DISCUSSION
° Normal Gallbladders
Cholecystitis
Acalculous Cholecystitis

‘'The Same. Disease?

X1

Acalculous and Calculous Chblecvstitis:

-PAGE

. 68

68
68
71
71
71
72
72 N
72
73
77
80
80
85
85
86
86
89
90
100
100
113
124
127
127
132
141

142

144
144
145
146

148



GALLBLADDER MOTILITY

"'‘Analysis of Responses

NON-HORMONAL REGULATION

Acetylcholine

Adrenergic Receptor Stimulation

Nerve Stimulation

Histamine

HORMONAL REGULATION

Cholecystokinin
Gallbladder Sensitivity and Contractility

to CCK-OP

Gastrin, Pentagastrin and Caerulein

Vasoactive Intestinal Polypeptide (VIP)

Substance‘P

Secretin and other Hormones

CONCLUSTIONS

REFERENCES

VITA

)

xii

149
150
151

. 151

152
152
154
156
156

158
161
163
165
166

170

199



Table

?

LIST OF TABLES

Description Page

Normal Gallbladders : Patients'
Data, Results of Investigations,
and Histology Scores. 44

Gallbladder Sensitivity to
Histamine in normal and diseased
states. - ‘ 95.

Sensitivities and Contractile
Responses to Cholecystokinin-
octaveptide in normal and diseased

‘groups. : 114

xiii



1o.

11.

12.

13,

14.

15.

16.

17.

18.

19,

LIST OF FIGURTES

PATIENT POPULATION

HISTOLOGY SCORE' SHEET

EXPERIMENT RECORD

GALLBLADDER DISTRIBUTION
GALLBLADDEé WALL

CHRONIC MILD CHOLECYSTITIS

GROSS CHOLESTEROLOSIS
CHOLESTEROLOSIS

GALLBLADDER WALL MUSCLE THICKNESS
SPONTANEOUS ACTIVITY

CONCENTRATION-RESPONSE CURVE FOR
ACETYLCHOLINE o '

NORADRENALINE AND PHENYLEPHRINE

CONCENTRATION-RESPONSE CURVES FOR

NORADRENALINE AND ISOPRENALINE

EFFECTS OF FIELD-STIMULATION

CONCENTRATION-RESPONSE CURVE FOR
HISTAMINE

RELATIONSHIP BETWEEN HISTAMINE

SENSITIVITY AND DEGREE OF GALLBLADDER

INFLAMMATION. :

EFFECT OF HISTAMINE RECEPTOR
ANTAGONITM ' -

CONCENTRATION~RESPONSE CURVES FOR
2~-PYRIDYLETHYLAMINE AND 4-METHYL-

" HISTAMINE

EFFECTS OF HISTAMINE H, RECEPTOR
STIMULATION i a

o xiv

Pégé
41
47
53
57
59
61
64
66
70

76

79
82

84
88

92

94

97

99

102



Figure
20.
21.
22.
23.
24.

25.

26.
27.
28.

29.

30.

- 31.

32.

33.

34.

.. TIME TO REACH MAXIMUM CONTRACTILE

RESPONSE WITH CHOLECYSTOKININ—
OCTAPEPTIDE .

RESPONSES TO CHOLECYSTOKININ=- -
OCTAPEPTIDE CAERULEIN AND GASTRIN

CONCENTRATI@N-RESPONSE CURVES FOR
CHOLECYSTOKININ~OCTAPEPTIDE

CONCENTRATION-RESPONSE CURVES FOR
CHOLECYSTOKININ~OCTAPEPTIDE

CONCENTRATION-RESPONSE CURVES FOR
CHOLECYSTOKININ—QCTAPEPTIDE

RELATIONSHIP BETWEEN HISTOLOGY

. SCORE AND CONTRACTILE RESPONSE TO

CHOLECYSTOKININ-OCTAPEPTIDE

MUSCLE THICKNESS IN GALLBLADDERS
USED FOR CHOLECYSTOKININ STUDIES

CONCENTRATION~RESPONSE. CURVES FOR
CHOLECYSTOKININ-~-OCTAPEPTIDE,

CAERULEIN AND GASTRIN/PENTAGASTRIN

RESPONSES TO PENTAGASTRIN
EFFECTS OF SUBSTANCE P

CONCENTRATION-RESPONSE CURVE FOR
SUBSTANCE P

- EFFECTS OF VASOACTIVE INTESTINAL
POLYPEPTIDFE (VIP) ON GUINEA PIG

GALLBLADDER

CONCENTRATION-RESPONSE CURVES FOR

VASOACTIVE INTESTINAL POLYPEPTIDE AND
CHOLECYSTOKININ- OCTAPFDTIDE IN GUINEA

PIG GALLBLADDER

CONCENTRATION-RESPONSE CURVE FOR

VASOACTIVE INTESTINAL POLYPEPTIDE IN

GUINEA PIG GALLBLADDER ’

EFFECTS OF VASOACTIVE INTESTINAL

POLYPEPTIDE AVIP) ON CHOLECYSTOKININ-

OCTAPEPTIDE CONTRACTED GUINEA PIG
GALLBLADDER

Page

105‘
106
107,
112

116
118 .
120

123

126

129

131

134

136

138

140



INTRODUCTTON

\
\
\

CHOLESTEROL GALLSTONE DISEASE

Cholesferol—gallstone dfsease is a world-wide problem.
Because of ifs commoness and the cost in lives and morbidity,
as well as financial.cost and the burden on health'services,
‘there }s wide interest in its‘pathophysiology. As tnis is
:incompletely understood attempts to treat or prevent
gallstones medioally are at best specnlative and thus far
have met nith very limited success. |

| The true prevalence of gallstone disease in the general
popﬁlation is unknown. Besed on the Framingham Study, (1), in
the U.S.A. in 1972 there.were 16 million peoole who had gall-
stones, in a female:male ratio of 3;1 and 5,000 to 8,000
deaths annually were attrlbuted to gallstone dlsease. The
prevalence of theé disease varies enormously fron\counrry to;
country and in different ethnic groups: ‘among the Pima\
Indians in Arizona, 70% of the women have gallstones‘by the
age of 30 and 70% of the men %y age 60 (2), whereas in Japan
necropsy reports show an incidence of only 5% and the Masai-
tribe of Africa apparently do‘not hane gallstones (3).
In Canada, in 1974, when thelpopulation totalled about 22.5-
million, 89,000° cholecystectomles were performed - Z?E
world's highest rate for\thls surgical procedure (4); the
ratio of female to male patients was 3:1, the same as in.the

r

U.S.A.



Knowledée of the pathophysiology of gallstones hes‘
.completed one turn of a spiral sihce 1856, when Meckel von
Helmsbach (5) suggested that bile stasis in the gallbladder
was the primary etiological factor in gallstone formation.
In 1932 Riegel et al (6) introduced the concept’that the
physicochemical properties of bile are important in-the
pathogenesis of gallstones, and Andrews et al. (7) later
established the importance of the solubility of cholesterol'
in bile.. During thls tlme, alterations in the galeladder
hwall ‘such as recurrent 1nfectlon (8), were belleved to be
the initiating step in the chain of events leadlng to
gallstones.' In 1968 Admirand and Small (9). described the
importance of bile salts and'lecithin in solubilizing
cholesterol and introduced the concept of rithogenic bile,
in which the bile is supersaturated with cholesterol.
Acceptance‘of this cohcept of.lithogenic bile, and the
observation that hepatic bile in patients with gallstones
is lithogenic (10), diverted attention from the gallblaader
as an etiological factor in gallstone disease. It was
believed that the disprOpertibn.of.cholesterdl to bile salts
- and phospholipids (i;e., lithogenic bile), alone, was the
cause of gallstones. In'l972 Dr. Small stated "Within the
next 10 years, a ratlonal safe method for preventlng
cholelithiasis in high~risk groups and for disolving 'silent’
galistones will beedeveloped" (11) . There was extensive

- work on the enterohepatic circulation of bile salts; in 1976



\ .
Shaffer and Small propoSed six cate%orles of pathophyS1olog1cal
abnormalities that could. lead to lithogenlc ~bile formatlon
(lZ),Kand about this time. ev1dence began to accumulate
that poollng of" blle salts in the gallbladder significantly
altered hepatlc bile composition (13). \Then_LaMorteigE al.
(14) summarized the evidence that alter%d gallbladder
motility by altering oile salt circulation, may be an
etiological factor in gallstone disease. " That gallstones
almost always form in the gallbladder and rarely in the
bile ducts, and do not- form after cholecystectomy, is
circumstantial evidence that the gallbladder is necessary
for gallstone formation.

There 1s some evidence to supportvthe proposal of
altered gallbladder motility inlgallbladder‘disease.
Lennon (15) showed thfat th gallbladder's.response to
histamine alters with incr asing severity of cholecystitis
and, further, suggested that the {:?ponse to cholecystokinin~v
may change with increasing severity of .disease. However,

this study had a major drawback - lack of normal gallbladder

tissue for comparative studi

Altered cystic-duct f .nc fav be an etiolocical
~factor in gallstone disease. - ~zlirie dogs)erimals in which
a 0.4%-cholesterol diet results cles-erol agallstone

formation, Roslyn et al. (°6). i e 4¢  "e res-onse of

the gallbladder/cystic duct comple: -c cholecvstok_nin is altgged.

in gallstone disease. .Pitt et al. (17 “.ported increased

.



cysticéduct resistance in association with gallstones, and

this wag évident in the nresence of lithogenic bIle before
“the formatlon of gallstones

If, indéed, there is increased'cystic—duct resistance
in association with gallstones, preeumably it would cause
nile stasis in the gallbl;dder.‘ And so we have come full
circie since this1was'first proposed by von Helmsbach in 1885.
Meanwhile, although understending gf the pathophysiology
of gallstone disease has increased remarkably in.the last two
decades, it is still not known whether gallbladder motlllty

is altered and, if so, the ba51s of the alteration.

+1



REVIEW OF THE ﬁ ITERATURE

N

ANATOMY

The gailbladder\is a pear-shaped hollow ofgan situated
on the undefsurface of the liver. It is connected to the
extra-hepatic biliary tree by the cystic duct, fhrough which
bile'flows to and from the gallbladder.

‘ ‘The wall of the gallbladder is.composed of three layers -
the ihner'mucosal, the middle fibromuscular, and the outer
adventitial layer. The mucosal-layer is composed of simple
columnar epithelium which, when the organ conﬁracts,'is thrown
into.folds. This columnar epithelium.liesﬁon a thin;
vascularized‘laminé propria (18).

b
In contrast to the muscle layer in the castr01ntest1nal

tract, which lS co&posed of well-defined c1rcular (1nner)

and longitudinal (outer) layers, the muscle in the gall-
bladder wall is composed of é mesh g; muscle bundles arranged
in:Seemingly haphazard‘fashion (l9)'and interwoven with
bundles of elastic tissue (20). fhis arrangement resembles
the muscle in the muscularis mucosae of the intestine (19),

a very thin muscle laver which underlies the intestin=l .
mucosal layer, Muscle thicknéss, excluding the inter-

bundle elastic tissue, iﬁ the canine gallbladder wall

diminishes from the fundus to the neck (21); from an_average

of 90 um at the fundus to 50 um at the neck. In guinea-pig



gallbladder, muscle‘thickness was reported to be 80‘um (l9)
but it is not elear how the measurement was made. In the
only report on normal huran glalbladder (15) , muscle - .
thickness was recorded as 213 + 50 um; hewever,/this was
,derived.from measurements on four necropsytspecimens,'one
of which was reportedly "mildly diseased". ’
The adventitial layer is composed of. loose areolar
tissue covered by the visceral peritoneum which covers

that part of the gallbladder's surface which is not adherent

to, the inferior surface of the llver

Neurcanatomy ' -

v

The gallbladder receives preganglionic fibres from
both vagus nerves and post-ganglionic symgathetic-nerve
fibres via the splanchnic nerves and coeliac plexus (22).
In studies (23,24) in guinea-pig, monkey, rat and human

A
gallbladders, all authors describe three nerve layers:
a ganglionie nerve 'plexus' that lies on the outer surface
of the musculature (Auerbach's) of the gallbladder; a
subserosal plexus that is associated with the adventltla
of the cystic artery and its brancrcs (23); and a sub-.
mucosal plexus that lies in the lamlna propria (Meissner's).
Although some authors, (22,24) belleve these to be three
_separate plexuses, others (23,25,26) describe a rich

exchange of adrenergic flbres between the subserosal and

Auerbach's plexus and believe they are part of the same



plexus. The ganglia are believed.to be exclusively
.excitatory cholinergic (22,25), -and the submucosal plexus

is rich in adrenergic and. acetycholinesterase-positive
fibres. Cai and Gabella (23) reported finding very few
nerve fibres running into the’musculature of the g;ll-
bladder, whereas Baumgarten and Lange "(26) postqlated both
direct noradrenergic (inhibitory)‘innervatioﬁ of‘séme'muScle
bundles énd presynapﬁic inhibitory innervation of the
‘excitatoryAcholinergic neurones similar té-that gepo:ted\

in the intestine (27). 3

PHYSIOLOGY

i
The normal gallbladder performs three main fupcgions:
storage of bile, concentration of bile, and delivery of this

to the duodenum when needed for the digestion of food.

Bile Storage .

Traditionaily, it was thought that all bile secreted
by the liver was~storedAin the.galibladder to be delivered
to the duodenum after the ingestion of food, EUt ﬁqw it has
been shown that, during fasting, 30% to 50% of secretédb
‘bile goes direct into the duodenum (28,29), by-passing the
§allbladder. Bile flow into the duodenum and gallbladder
is thought to be regulated primarily by the sphincter of
0ddi (30,31). The gallbladdef has the préperty of_receptive

relaxation; i.e., as its volume increases its intraluminal



pressure remains the same (32). Another possibly important
factor in theAregplation-of gallbladder filling may be tne
reciprocal innervation between the_gallbladder and the
| sphlncter of 0ddi (33), when the‘gallbladder contracts this
sphincter relakes. Although no other function nas been
described for ‘this reflex, it may play some part ln‘regulating
gallbladder filling.
. It was traditionally believed th?fjno\c:ztraCtile |
activity‘occurred in the gallbladder dufing e'faeting State,
Vbut recent very extensive studies by Itoh and‘}o ~-workers
(34~36) have demonstrated its occurrence and have 1dent1f1ed'
four periods of gallbladder contractlllty between meals ln |
conscious dogs. They recorded: 1, 1mmed1ate postprandial
contractions with a gradual increase in tone; 2, rhythmic
contractions and relaiations;‘3, a periodiof irregular
contractione;‘and-4,,an interdigestﬁve_contraction period .
ln whichdstrong regularacontractions occurred in association
'wlth duodenal interdlgestive migrating contractions. It

is not knownwhether this contractile activity empties the
gallbladder of bile or whether its functlon is to mix the
blle to faC111tate water and electrolyte absorption, as the
comp051t1on of bile changes in each of the four periods (35).
During the period of irregular contraction, thelbile con-
centration decreased (35), indicating significant filling of

A

the gallbladder at that time.



Our understanding of gallbladder motility during the
J-fasting period ;s still incomplete and we know little of

its regulation.

. Bile Concentration i , .

Early studies (37) of gallbladder physiology in dogs
indiceted rapid ooncentration of the hepabic bile, and ‘
vabsorptlon of 13 to 16% of the gallblahder volume per hour,
up to 90% of gallbladder water belng removed (38,39), ' _
whereas studies in guinea pigs (40) showed reabsorption
of only 6% of the waterf/ ‘A human.gallbiadder containing
gallstones can absorb up to 20% of 1ntralum1nal volume per
bour (41), an absorptlve capaC1ty similar to that of the
canine gallbladder. This absorptlon of fluld,.togethef/;I;;f\;
.secretion of mﬁcue,'increasesbileviecosity. There is
good evidence that libhogenic'bile ;n'the'gallbladder“
stimulates the hypersecretion of>mucus (42)~and +hat gail—
bladder mucus gelbis a nucleating egent'for biliary
cholesterol (42), but it is not known whether»tbe lncreased
viespsity’of bilg_;hat~reeuib§/from thi inoreased mucus

causes bi%e stasis by slowing\flOW-through the cystic duct.

[

GALLBLADDER MOTILITY

Gallbladder tome is regulated byfneural (autonomic)A‘
and ‘hormonal megbgnisméf//The autonomi~ contribution to

gallbladder ftone has been examined in vivo by nerve stimulation




and in vitgo'by field stimulation and the application of

'cholinergic and adrenergic agents.

3 '~ NEURAL CONTROL

Parasympathetic Nerves ‘37:

 In vitro, stimulation of the gallbladder with
acetylcholioe or other parasympathomlmetic agents increases
tone K43) and electrical stimulation of the vagus nerve
increa§é§’§33f/ladder pressure (44l. It has long been

realised that gallbladder-pressure increase due to vagal

stimulation is not associated with evacuation of the

gallbladder (44,4%), but that when combined with subthreshold

concentrations of cthecystokiq?tic hormones emptying does
occur (46). ’ '.§;

) Numerous 1nvestlgators have reported dllatlon of the
gallbladder after toé*l abdominal vagotomy (47,48), and
some have descrlbed doubling of the gallbladder's-resting
volume after this procedure (48,49). Most authors believe
?his result is due to decreased gallbladder tone sccondary
to the vagotomy, 1nd1cat1ng that the vagus is an 1mportant
factor in the malntenance of tone. However, some contrary
findings. have been reported after this operation --
iocreased intra-gallbladdn‘ pressure (50) and dilation of

the common bile duct (51). It is now generally accepted

that the dilation which follows vagotomy may develop up to

1o



one ye@f afte{yards, a lég—;ime that does not fit the coﬁcept
of vagally-maintained gallbladder tone. A more likely

" explanation of the‘dil;tion lies in the gallbladder's
*prOperty of receptive relaxation .(32), which may enable it
tovenlarge as a result of incréaéed resting pressure within
the biliary tree. ~Thismwould support the suggestidn that
vagotomy results in increésed resistance at the sphincter

of Oddi, a development first suggested by Williams and

Huang fSO).

There is -evidence thatijuagallbladders of humans who

. have‘undergbne vagotomy are hypersensitive to cholecystokinin

11

stimulation (52), an occurahce not found in animal studies_(53).

4

The role of the vagus and™-its importance in gallbladder’
motility is not yet fully understood but it is believed that
the parasympathetic nervous system interacts with hormonal

i)

stimuli”in the regulation of gallbladder tone.

#

mpathetic Nerves

In characterising the adrenergic réCeptors in feline
gallbladder (54,55), Persson identified a small population
of a-receptors, demonstrable—only'gilzizg while the
iB—receptors were blocked, and sﬁowed that the predominant
adrenoréceptor is the B-receptor. A larger p0pulati6n of
a-receptors may be preéent in guinea-pig gallbladde£ (56),
but none could be aemonstrated in tHe canine gallbladder

~

in vivo (57).
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Stimulation of the solanchnic nerves relaxes the
gallbladder'(54 55), and the 1nh1b1tory effect of this
stimulation is enhanced when gallbladder tone is increased
by vagal or choleoystokinindstimulation (54,56). The
application of both noradrenaline and adrenaline in XEEEQ

usually induced relaxation in the feline gallbladder (54),

which also becomes more obvious when the gallbladder is

' precontracted; however, in studies on guinea-pig gallbladder

" in vitro, this caused a contractile response (56).

The significance of a predominantly adrenergic
inhibitory innervation of the gallbladder is not known. It

has been suggested that it plays a role in gallbladder

filling (55,58); i.e. it may be responsible for the

receptive relaxation that occurs in the gallbladder.

Non—adrenergic Non-cholinergic Relaxation

T
]

éince the curn of the century there have been reports
of vagallyAindnced contractile and'relaxant responses which .
were resistant to atropine (59), responses that, in 1933,
Henderson and Roepke (60) suggested might be 1nduced by
unknown transmitters. Since the.discovery of adrenergic
blockers there have been reports of relaxations resistant
to these in almost all parts of the gastr01ntest1nal tract,
1nclud1ng the gallbladder

This non—adrenergic neurotransmitter has not yet beerr
identified with certainty, although a very strong case has

been made for 'purines' (ATP) by Burnstock and‘his

12
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‘colleagues (61). Of all the other sugéested candidate
transmitters, only vasoactive intestinal polypeptlde is now
believed to.be a possible inhibitory agent (62).°

Da&ison et al. (63) reported non-adrenergic inhibitory
innérvation in qulnea-pig gallbladder'énd»proposed that these‘nefves
were puringréic (i.e. that, when stimulated, they release
purine compounds such as ATP), a suggestion bésed on their
finding that the nerve-mediateq relaxations weré élosely
mimickéd by‘ATP. In thelonly other‘such study on guinea-pig
| gallblédder, however, Naughton (64) concluded that although
non—adrenérgic inhibition did occur it Qas'nof caused by
pﬁrines;

In sumﬁafy, itrseems that;nonfadrenergic non—cholinerglc
inhibBition does occur in the gallbladder and méy be an.
impdrtant factor in gallbladder fillingl To date, the

transmitter has not been'identified.

HORMONAL CONTROL

. The primary determinant of gallbladder motility'ls
hormonal (65). 1In 1928, Iv&land Oldberg (44) e#tracted

from the mucosa of the upper small intestine of hogs a
substance that, when injécted intravenously, contraéted'
léhelgallbladder and caused its evacuation. The aﬁthors named

this substance cholecyétokinin.
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Cholecystokinin

Cholecystokinin (CCK) is present in the mucosa ofbthe
jejunum and to ‘a leéser eXtent in the dquenum and ileum
and is localized in a specific cell type of the APUD series,
the 'I' cell (66). In the early 1960's cholecystokinin
was isolated and purified by Jorpes and Mutt and identified
as a linear polyﬁeptide containing 33 amino acids (67).
These authors further noted (68)'£hét only the C-terminal
bctapeptide of the MOieculerié necessary for:biological
activity. This octapéptide‘waé later synthesised (69)
.and shown to be three times more potent ‘than the parent
polypeptide, on a molar basis, in contracting gallblaader
stfips.ig vitro (70).

Until\recently it was widely believed that the 33
amino acids constituted.thé principal choleéystokinin
molecule released following the inéestion of a meal.
Howéver, with the ability to identify and measure individual
molecular CCK forms in the plasma, there have 5een reports
suggesting that the octapeptide-is the predominant molecular
form released into the circulation at that time t7l—73):
Dockray (71) and Walsh et al. (72) were unable to identify
.anyVCCKf33 or CCK-39 in plasma after'a mea;, and Hutéhipjmmk\
et al. (74) reported that CCK-8 accounted for more than 80%
of the CCK immunoreactivity innguinea—pig myénferic plexus.

. After a fatty meal, the octapeptide may well be the predominant

form released:



-The effects of cholecystokinin on human gallbladder
have been studied in vivo by several investidators (75=-77) .
The effect, visually measured, is expressed as a percentage
emptying of the gallbladder over a given time in response
to a given dose. The gallbiadder‘is outlined by the
conventional-contrast medium or radionuclide dmaging (76,77),
and evacuation is determined by planigraphic‘measurement
of gallbledder size on serial'radiogtaphs (contrast method)
.or is calculated. from recerded continuous counts made
with.a gamma-camera (imaging method);'3o—45%iemptying is
regarded as normal. n Héwever, it- has’ been noted that a beius
injection of the cholecystoklnln results in decreased
emptying, due to contraction of the gallbladder neck and thus
obstructlon to outflow (78)..

In the few studies 1n X&EEQ that have been reported
(15, 79) ‘which were on diseased gallbladder tlssue, there»
were«doserelated ‘contractile responses to cholecystoklnln
Assessment of CCK's effect E_E se has not been p0551ble, as
no studleS'of the effects of cholecystokinin'on normal
human gallbladder in vitro have 'bee‘n published. B

The mechanism of action of cholecystokininﬂbas been
'invest;gated in both human and animal prepafations. The
effect QfVCCK is not influenced by atrOpine, is not mediated
by histamine receptors, is not prevented by a or~8,adrenergic
blockade, and is not altered by tetrodotoxin (69; 80, 81).

It is generaliy accepted that changes occur in the intra-

15
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cellular (gallbladder smooth muscle) cyclic-nucleotide
concentration in association with the action of cholecystokinin.

. _ '
An increased level of cyclic guanosine monophsophate (cGMP)

after cholecystokinin stimulation, with little change in
the conceﬁératién of cyclic adenosine monophdsphate (cAMP),
has been reported (82), and contractile responses induced
by agents such as acetyicholine decrease the level of cAMP
intracellularly. However, the literature reveals great |
digergepce oflopinion on the role of iﬁtraéellular CGMP in
the'contractilé effect of cholecystokinin. For example,
Andersson (83) agreed ﬁhat it was increaséd but concluded
that this was not important to the cholecystokinin effect,

whereas Longindv (84) stated that an increased intra-

cellular concentration of cyclic-GMP is requisite to.

e

‘the contractile effect.

It has been established that the contractile effect
of cholechtokiniﬁ is:antagonised by dibutyryl cyclic~-GMP
(85,86) but the nature of this inhibition is not fully
understood. Most aﬁthors believe it is coﬁpetitive inhibition‘
.(85;87)f'but Millervgg al. (86) proposed an interaction

between the dibutyryl GMP and the cholecystokinin molecule.
~C ' : ' N

Gastrin \\\
) There}are structural similarities between cholecysto-

/

kinf;fgﬁa/gastrin’(88): the carboxy-~terminal péntapeptide

1

amides are identical, and both have a. tyrosine residue at

&
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position 6 (gastrin) or 7 (CCK) Q*counting unconvenfionally
from the carboxyl terminus. There ére ﬁwo gastrin molecules,
one with sulphation of the tyrosyl residue (géstrin I1)
and one without (gastrin I). 1In all naturally occurring
cholecystokinin, ;ts tyrosine residue (position 7) is
sulphated (71); this sulphation is essential to
choiecystokinetic activity (69). In view of the similarities
in structure it is not surprising that cholecystokinetic
‘effects of géstrin have been reportedf 'Vagne and‘Grossman (89)
described one sucﬁ effect which was equal for gastrins I and
ITI; but on a molar basis, chdlecystokinin was 22 times more
potent than gastrin. 1In studies on rabbit and guinea-pig
gallbladder in vitro, gaétrin IT was 20 to 33 times less
potent than choleéystokinin (90) . Cholecystokinetic
effects have also been reported,fpr pentaéastrin; a
synthetic unsulphated gastrin; thus, unlike the cholecysto=
kinin moiecﬁle, éastrin may'not requife éulphationfof the | X
tyrosyl group for expression of‘its cholecyStokinetic
potency (89). However, Amer (90) reported gastfin_II
20 times more potent than the. unsulphated molecule, and found
pentagastrin ld times less pdtent than gastrin I. By
contrast, several studies of human (91) and guinea-pig
(92) gallbladder in vitro, and of opposum gallbladders in
vivo (93), failed tovdemonstrgte any céntractile effect of
gastrin I. '

It is generally accepted that gastrin, in high

concentrations; causes gallbladder contraction.



As concentrations reouired in vivo far exceed the minimum
required to stimulate acid secretion, the.effect may be
pharmacological rather than physiological (89).
ACaerulein

Caerulein, a decapeptide isolated from frog_skin, has
the saﬁe five carboxy—terminal amino-acid as gastrin and
cholecystokinin. Like oholecystokinin,.in rts natural
form caerulein has a suiphated tyrosyl residue at position
7 from the CdOH terminal; Caeulein's effects on the smooth
muscle of the gallbladder and gestro%ntestinal traot are '
similar to those of cnolycystokinin (94) . Its routine use

~ has been recommended in the diagnosis offacalculous biliary

disorders (95), as it cadlses spasm at -the neck of the
‘gallbladder in- patlents ho have biliary'dyskinesia. As
in the cholecystoklnln m }ecnle, sulphation of the tyrosyl
residue at position 7 is |essential forlfull cholecystokinetic

~activity: when this 1s aﬂeent, potency has been reported
o (96) and, in another study,

reduced by a factor of 16
by»75 times (97).
However, its de-sulphation minimally affects its
ablllty to stlmulate the 'secretion-of gastrlc acid and
~pep51n (96) .
Studies in XEEES (80), and iﬁ vivo (94) have shown
that, on a moler basis, caerulein is two (80) or ten times

(94) more potent than cholecystokinin in contracting the

gallbladder.
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Secretin‘ 

Secretin's structufe differs from that of the cholecystd-
kinin family. 'This hormane is a member of the group Ehat
‘includes glucagon, vaﬁoactive intestinal polypeptide, »
and gastric inhibiﬁory peptide. |

Lin and Spray (98) reported that both natural and
'synthetic secfetin iﬁcreased intra-gallbladder pressure in
the dog, whereas other studies in YEXQ (99,100) have shown
that secretin has no effect when given alone but augmeﬁts
the effect of cholecystokinin. A more recent study in vivo
(92) demonstrated a slight relaxant effect of secretin on
gallbladder .basal pressure.- It is now thought tha£ the
cholecystokinetic effect of secretin reéorted in some studies
‘in vitro (43,91) probably reflected CCK contamination of
the preparation. |

The physiological significance of any secretin/cholecysto—
kiniﬁ interaction is not known. As<£he concentrations of
secretin needed to demonstrate augmentation of cholecystokinin's
effect were far greatér than required to stimulate pancreafic

secretion, the response may have been pharmacological.

Vasoactive Intestinal Polypeptide (VIP)

VIP's most potent effect is on intestinal secretion (10l)
but it-affects gastrointestinal motility, also. 1In the
biliary tract this hormone is regarded as the most potent

relaxant of basal and cholecystokinin—induced gallbladder
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tone, in vivo (100, 102) and in XEEEQ.(lOB). VIP may be
a mediator in the reported “non-adrenergic inhibition of
responses in the gallbladder and gastrointestinal tract (62).
It is known that nerve endings contain VIP (104,105).
Increased’ levels of this hormone have been found in portal-
vein blood after vagal stimulation‘(lo4),uand Sundler ggkgl;
(105), using immunofluorescence histochemis%ry, demonstrated
VIP in nervé endings in the gallbladder wall of several '
species, including man. Furthermore VIP from a VIP-
producing tumour is belieVed.to be the mediator in the
diéorder known as the W.D.H.A. syndrome, which consists in
watery diarrhea, hypokalemia, and achlorhydra*(lOG) and
in which the gallbladder is commonly dilated (107). This
is regarded as cénfirmatory evidence'that VIP has a relaxant
effect on basal géllbladder tone (104) in humans.

There have been no reported studies, in vivo or in vitro

of the direct efﬁects of VIP on human gallbladder.

Glucagon

Glucagon has structural similarities with secretin and
VIP. In general, its action on the gastrointgstinal
musculature is inhibitory. ééudies‘ig vivo have shown
that glucagon has a'relaxant effect on canine (108) and
human gallbladder (109); in the latter investigation,
glucagon exerted its effect when given in the fasting stéte
or after a fatty meal. In vitro, however, this relaxant
effect could not be demonstrated in human (91) or guinea-

pig (89) gallbladder.
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The doses of glucagon required to demonstrate relaxation

in vivo were much greater than necessary for glycogenesis,

~

indicating that the effect probably was unphysiological.

Substance P

Substance P, another peptlde, has been identified in ;)
the central nervous system, the nervous plexus of the 1ntest1ne,
endocrine cells of the 1ntest1nal mucosa, and‘human plasma (llO),
and most recently in nerve endinqs in the wall of guinea-pig
gallbladder (23). | |

‘The/egfects of.substanoe.P are both variahle and
widespread. It inhibits and stimuiates responses in arterial
and venous smooth muscle, respectively, and stimnlates
intestinal smooth muscle (111). Its effect on vascular muscle
appears to be direct,‘whereas in intestinal muscle the
oontractile effect is partlyvantagoniseq hy atropine (ilZ).
In the intestine, substance P may_ect as an excitetory .
transmitter or neuromodulator. Findings in some motility'
disoraers-mey support this. . In.patients with Hirschprung's-
'dlsease, the proxrmal hyperactive intestinal segments were
shown to contain more substance P than in controls whereas
the aganglionic, inactive colonlo segments contained much
less than in controls'(#l3). Furthermore, rectal blOpSleS
from patients with éhegns' dlsease contalned‘less than 50%
of the amount found in a normal population (114).

4

Despite the interest in Substanoe P's rc in gastro-
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intestinal motility, no studies have been published that

\.,

examine its role in biliary motility.

Motilin _ ' | o .

Motilin has no significant direct effect 3% gastro-~

~

~

inteﬁ;inal_smooth muscle during the digestive stage but it
iéfﬁelievea ﬁo‘aid-regulation of the migrating4myoélectric
complex (MMC) (liSf. The MMC's are cyclic recurrentA
episodes 6f caudad-moving bands of strong contractions that

move from the lower oesophageal sphincter to the terminal
. ' »" - /
ileum. ~ "

¥

Adrian gﬁ §£/+i16)'shCWéd in vivo that motilin is

almQSt/ 5 potent a Cholecystokinetiqxagent as cholecystd—
kinin, and speculaied that it might b;\an\impbrtant regulator
og biligry-motility.j/Several studiés in XiEEQ have failed

to demonstrate a contractile effect -of motilin oh-the
gallbladder (ll7)} but this does not discount the pOSSlblllty

that motilin may regulate biliary motlllty indirectly.

éomatoétatin

- Somatostatin may act with motilin in regulating the
MMC (115). 1In the biliary tract, it has |been reported to
inhibit the gallbladder's contractile response to both

intraduodenal acid and vagal stimulation (118).

22
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Neurotensin

‘A

More than 90% of-the neurotensin derlves from the
gastrointestinal'tract. Excess levels of this hormone have
been -reported in association Wlth the dumping syndrome (119);
also, it may contrlbute to the modulation of gastric fun tlon
(120), as studies 1n vivo have shown that neuroten51n
1nh1b1ts peristaltic act1v1ty (l2l) However, nothing is

known of the effect of neurotensin on biliary motility.

Bombesin
First isolated from amphibian skin, bombesin~like
1mmunoreact1v1ty has since been demonstrated in guinea-~ pig

myenterlc plexus (74) and human endocrlne cells. In vivo,
, : —

bombesin has wideﬁranging effects due'to its potent releasing

L4

properties it releases hoth cholecystokinin (122) and

gastrin (123), and its effects on the biliary tract are

thought to be due to released cholecystoklni? - There

have been no reports of bombesin's effects on gallbladder
smooth muscle.ih vitro.

N
\‘ .
o

OTHER REGULATORS OF GALLBiADDER MOTILITY

I

t Histamine -

Histamine is a potent contractor of guvinea-pig (124),

- canine (125), primate (126) and human (15) gallbladder.

However, its role in the regulation of biliary motility

23
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»

is unknown, and extensive studiés of the gastfointeStinal
tract have demonstratéﬁ%either very modest or no effect of
histamine on motility (127).

BothKStimﬁlatory jHl) and inhibitory (Hy) h;staming
receptors, with dominanﬁ contractile effects, have been
characterised in guinea-pig (124) and priméte’(lZG) gall-
bladder. 1In the gufnea~pig, bloCkiﬁg the histamine H,

\<receptors augmented the contractileveffect of qholechto~
“kinin (124). o

Histamine receptors have no# been characterised in the

human gallbladdér. ‘ .

3 s

Prostaglandins

Prostaglandins have direct effécts on.gastrointestinal
smooth‘muscle and,méy modulate i£s activity (128). They
also act diréctly on the smooth-muscle cells of both the =
gallbladder and the sphinctef of 0ddi, prq?ucing contraction
or relaxation at these sites (129), but it has not been :

established whethe: prostaglandins have a role in normal "Q\:

biliary motility.

. - GALLBLADDER DISEASE ;
The term 'gallbladder disehse' is used here to describe 7}\“j5~»

[}

a number of ncn~malignant conéitfohs of the gallbladder,
‘usually referred td as cholécystitis, some of which have

little or no evidence of inflammation.
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Chronic Cholecystitis

As gallstones are almost always seen in association withﬁ
cholecystitis they were assigned a role in its pathcgenesis
until Boyd in 1923 (130), said he considered calculi |
incidental, not essential, to-gallbladder disease. The
mildest form of cholecystitis has been referred.to as "chronic
primary cholecystitis" (131) because the inflammatory process
lacks an initial acute phase. Levine (20) referred to this
as the hypertrophic stage; because of the hypertrophy of |
‘the mucosal and muscle layers. The normal mucosal folds are
enlarged to become mucosal polyps, the muscle bundles become
thickened, and intervening elastic tissue is less evident.

Usually there are only mild inflammatory changes, such
as cellular 1nflltratlon of the wall and the formatlon of
lymphoid folllcles (20) . A characteristic feature is the
‘appearance of glands singly or in small groups in the mucosa
h and submucosa (20); normally, these glands are present in
the area of ‘the gallbladder neck only (20) Another
“frequent finding &t this stage are Rokltansky—Aschoff sinuses
(which are discussed later). .

A: the severity of the disease increases}/the inflammatory
changes, such as lymphOCytic infiltration of the wall, |
ulceration of the mucosa, and fibrotic¢ changes in all layers,
become more evident and the 'polypoid' mucosa h2comes atrophied.

At the end stage of the disease, the gallbladder is a’

. : v‘,. ‘.v 4-- ‘ .
fibrous sac 'in which the mucosa is replaced by scar tissue.
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Acute Cholecystitis

| Acute cholecystitis rarely occurs de novo; it is usually

‘superimposed on chronic cholecystitis. In a study of 150

gallbladders eurgicallyiremoved'heeause of-cholecystitis,

Levine (20) saw no case of 'aeute cholecystitis' a finding_

that may reflect conservatlve management (non- operatlve)

of patients with a clinical diagnosis of acute cholecystitis. Y.
.Several pathogenic factors have been proposed for acute

cholecystitis, such as bacterial infection (132), occlnsion

of the cystic duct (133), and regufgitation of pancreatic

contents into the biliary tree‘(134). In a recent study

by-Roslyn et al. (135), in prairie dogs, the combination

of llthogenlc blle and cystlc -duct obstruction was demonstrated

necessary to {nduce acute cholecystltls.. Gallstones

in the gallbladder were not requisite, and cystic-duct

obstruction or lithogenic bile alone, did not cause

acute cholecystitis. All cultures of bile from the

galilbladders with acute cholecystitis were negative fof

both aerobic and anaerpbic bacterial growth.

These findings strongly suggest: that, at least in the
experimental situation, acute infiammation‘of.the gallbladder
-is not due to bacterial contamination and probably is a _‘ |
chemically induced cholecystitis. The latter is in agreement
with the experimental flndlngs of Thomas and Womach (136),
who showed that an increase in bile-salt concentration
within the gallbaldder when the organ is obstructed will

: /
produce the pathalogical picture of acute cholecystitis.

&>
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Acalculous Gallbladder Disease\ \

- Gallbladder disease in the’absence of gallstones has
long been recognisedL' In the 1920's writers .disagreed on
whether the prognosis after cholecystectomy is better in
cholecystitis without stones (137-139) or with chole—'
lithiasis (140-142): the former authors (137—139) con- 454
«Sidered bholecystitis without stones to be an early stage of |
cholelithiasis disease, and the‘latter group (140-142)
believed that many normal gallbladders were‘excised and
this distorted the results. Mackay, in 1933 (143), who
reviewed the cases of 243 patients who had undergone
cholecystect for cholecystltls without stone", described
four types of acalculous disease. |

Several other classifications of acalculous‘cholecystitis

have been nrOposed since then, mostly by radiologists who
have based the differentiations on radlological‘and
mciroscopical findings. ‘Jutras, in 1960 (l44),‘§ointed out
that mlcroscoplcal changes in acjlculous disease are-not
1nflammatory in nature and -proposed the term "hyperplasic
cholecystoses" -- 'hyperplastlc' implying hypertrOphy of
h§perpla51s of normal tissue elements, and 'cHolecystosis'
indicating a pathological process distinct from -
inflammation. Jutras identified nine specific types of
pathological cnanges in che gallbladder: cholesterolosis
(two types),’adenomycmatosis (three types), superficial

neuromatosis, deep neuromatosis, elastosis, limpomatosis,



28

interstitial fibromatosis, pericholecystic fibromatosis and
hyalinocalcinbsis} Goldstein et al (145) in describing
acalculous disease, used the term "hypérpiaStic choleéystosis"
(without furﬁher classificatibn)‘to deséribelgallbladder
abnormalities; he included the 'cystic—dugt syndrome',;
previously describéa b¥ Cozzolino et al. (146), and spaém
of the‘sphincter of Oddi.- His.classification was based on
radioiqgical findings, and he concludéd Fhat hyéerplastic
cholecystosis»best described gallbladders that hfper—‘
contracééd in response to ¢hoiecystokinin. In 1983, Berk
et al. (147) also using ;adiological techniques.to classify
gallbladder disease, pfoposedlabandonment of 'hyperplastic¢
cholecystoses' as a descriptive}terﬁ and substitution of
"cholesterolosig"” and'"adengmyomatosis“ for'rouﬁine use,
argﬁing that the latter are radioldgically'idéntifiable
as separate entitles. |

.The.commonest microscopical abnormalities evident in
" acalculous cholécystitis are Rokitansky—ASchoff sinuses,
cholesterolosis, énd minimal lymphocytic infiltration. The
extent of the infiltration considered necessary to 7
constitute 'abnormal' is not clear - some is evident in;mostr
adult gallbladders. For exéﬁple,'Carman et al. (148) found.
only 17 normal gallblédderé in é consecutive unrelated |
series of 5000 obtained at'necfopsy, and it is unlikely that
more than a small proportion of £hese"abnorﬁal' organs had
‘given rise to trouble during life; and Mackay (143), stated

that microscopical changes probably are not significant

L J
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unless they are fairly severe.

Cholesterolosis, called 'strawberry gallbladder; because
of its macroscopical appearance, ié charapterised by abnormal
dépoéits of esterifiéd cholesterol in the laminaApropria;
Rarely, the deposits are large enough to form nodules or
polyps. The cholesterol’ié believed to bé»contained in
macrophages and histiocytes Which, on:nicrosc0py, appear as
foam cells (149). Soﬁe aﬁthors believe that the condition S
is not associated with increased cHolesterol content in the
bile (150) or cholesterol gallstones (151) , whereas others
have reported the frequent dQ—e#istence of cholesterol
, gallstones and increaséd.cholesterol content in bile fl49)f

ﬁokitansky—Aschoff sinuses are invagination: of the
galibladder'é Qurface epithelium intpo its wall. Their'.
péthogenesis is uncertain. These invaginations extend
variable depths into the wall, in some casés'ektending.
through the entire muscle thickness. 'In one study, of 145
gallbladders excised because of Eenign biliary disease, these
sinuses were foundAin 86% ana calculi were presenﬁ in 95%
of these (152).

There are two fufther types of;acalculous phoiecystitis'

that clinically and microscopically. are discrete entities:

acute acalculous, and eosinophilic cholecystitis.

Acute acalculous cholecystitis has been :eporte@'in
association with various unrelated conditions - trauma,
surgery, systemic infection (153), burns (154),

hyperalimentation (155), and as an acute complication
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in the -course 6f chronic systemic di#eases such as diabetes
mellitus, lupus erythematosus (156) , ahd polyarteritis
nodosa (157). Cholecystitis developing in systemic
disorders prdbably is vascular in origin. The cause of
acuﬁe inflamﬁation in the former group is not khown,~though
many factors have been suggested: anaesthesia, narcotics, 3:5
analgesics, fasting in the post—pperative period (158),
multiple transfusions and sepsis:(159). Microscopical
examination revealé.acute inflammatioq in the gallbladder
wall; i.e. oedema, hyperaemia, erythrocytic extravasatipn,
polymorphonuclear infiltration, and mucosal ﬁlceration;

Few cases of eosinophilic cholecystitis have been

reported (160, 161); in some, presentation.was as a
manifeétation of eosinophilic gastroenteritis (162).
Microscopical examination revealed diffuse infiltration of
.eésinophilic leucocytes throughout the entire thickness

of the gallbladder wall.

Motility'of the Diseased Gallbladder

There is evidence that altered gallbladder motility[
by interfering with the nbrmal enterohepatic circulation
of bile salts, méy be a factor in the pathogéhesis of
gallstone disease (14). Results of studies in animals
in vitro and‘ig vivo and in humans in vivo appear to support

this.



In 1980, in experiments on prairie dogs, Roslyn et al'
(16) showed that the response of the gallbladder- cystic-duct
complex to cholecystokinin was altered in cholesterol-
gallstone disease, and, in guinea pigs, Wise et al.\(163)
showed that a cholesterol di%t’lncreased the gallbladder's
contractile response to histamine. Furthermore, the response
to both cholecystoklnln—octapeptlde and acetycholine was
decreased in gallbladders containing gallstones. In both
these studies, however; sensitivity to agonists in the normal
and diseased gallbladders was not studied. _Davison et al.
(164), who reported;gallbladder contractility‘to
cholecystokinin-octapeptide in associated with increased
bile lithogenicity in ground-Squirrels, stated there was
no change in gallbladder sensitivity to CCK-OP. However,
in‘this study the lithogenic index did not reach 1 and
gallstones did not form. In the only such study on
diseased human gallbladder in X;EEQALennOn (15) suggested
that the sensitivity of the diseased gallbladder to‘

cholecystokinin altered with the disease state (mild and

‘advanced chronic, and acute cholecystitis), but

unfortunately he dia not'study normal gallbladder tissue.
Studies.on human gallbladder in vivo have yielded
confllctlng reports on the sen51t1v1ty of the. dlseased organ
to cholecystokrnln. Such studies were on two groups of
patients, those with cholelithiasis and those who have

acalculous gallbladder disease.

31
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Calculous Cholecyétitis

Maudgal et al. (165), using standardized oral
cholecystography to measure gallbladder emptying,
demonstrated increased emptying in‘gallstone‘patients;
they also measured the cbncentration of plasma cholecystokinin
after a meal and found it did not differ between gallstone
patients and healthy controls. In a further study by the same
group (l166) it was sﬁown that the patients who had
gallstones had }ncreaSed sensitivity to exogenous
cholacvstokinin. Thoﬁpson»gg al. (167),:§£o used Ultra-
sonography to measuréachangesbin gallbladder volume, divided
gal.stone~containing gallbladders into "contractors" and
"non-contractors": the contractdrs responded ﬁS}mallxgto
meafs but the non—éontractors did not. Also, ' in measuring
plasma cholechtokinin levels, these investigators found that
the concentration was less in contractors than in healthy
controls.. They thus concluded that the gallbladder‘s
sensitivity to cholecystokinin was increased in this
'contractor'.group, and proposed two distinct groups of
gallstone patients: one with increased\senaitivity‘to
cholecystokinin and'oné in which there was diminished
gallbladder motility. FurtherAcontrasting results were
repo;ted by Fisher et al. (168). Using Gamma-emitting

99m

technetium ( Tc-HDA) to outline the gallbladder they

showed that emptying in response to a standard meal was

diminished in patients with gallstones. Fisher et al. (168)
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further demonstrated a no;mal response by stone-containing
gallbledders to cholecystokinin, whether this was infused or
gi&en as a bolus.

In summary, nearly all investigators agree that the
gallbledder's response to choiecystokinin is altered in
gallstone disease, the majority believiﬁg that thie

alteration is increased sensitivity to the hormone.

‘Acalculous Gallbladder Disease

‘Only a sﬁall-percentage of cases oflacaldﬁloue disease
can be detected with standard ofa} cholecystography. If the
cholesterol.deposits are large enough, the ehelecystogram
depiets round fixed radiolucencies in the lumen of the
opacified gallbladder (144). Rokitansky—Ascthf sinuses
can be identified if they maintain a patent cpmmunication'*
with the lumen and arellarge enough to create visible
collections of contrast m%terial adjacent to the lumen of
the gallbladder (168).

.Several authors have stated that the adﬁinistration
of cholecystokinin in aesociation-with cholecystography; which
supposedly identifies abnormai motility, is an accurate tool
for diagnosing -acalculous gallbladder disease (145,146,170-175) .
However, there is lack of consensus as to what .constitutes
ﬂa 'normal' or 'abnormal',reeponse by the gallbladder to
cholecystokinin infusion, an issue that is further
confused by the association of different gallbladderresnonées with

‘apparently different types of acal ilous disedse. Goldstein's

\
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classificaﬁinQO{}45) of acalculous gallbladder disease

‘was based on the/organ's response tb cholecystokinin; the
cystic-duct syﬁdromé (obétructibn of the duct) is

associated with severe impairment of géllbladder emptying \
sometiﬁes evidenced by the gallbladdef'é?assumption of globular
“shape, and minimal filling of the bile ducts; partial |
obstruction éf-the sphincter of Oddi is associated with

poor gallbladder emptying énd incomplete filliﬁg of the.

common bile duct, with reflux of dye into the hepatic ducts;
and hyperéontraction of the'gallbladder is assdciated with

the hyperplastic cholecystoses. However,.there is overlap

of the histological appearances in the three groups, in that
gallbladder disease, cholecystitis$, and cholecystosis are
cresent in almost ali patieinte in the aboYe three groups.

Nora ét al. (170) descrlbed four findings with cholecysto-
klnln cholecystography that 1nd1cate gallbladder disease: 1,
duplication of symptoms (biliary pain); 2, abnormal local
confraétions in the neck or body of the gallbladder; 3,
prolpnged‘visualisation'ofthegallbladder; and 4, abnormal
change in volume (a decreasé of less than 50% within 20
minutes). They described "kinking" and "compression" of
7the cystic duct, and stated that histologiéal eXaminétion
revealed changes consistent with diagndéis of chronic
ChOleCYStltlS in all of the gallbladders Nathan et al. (175),
who studied the gallbladder's response to cholecystokxini.. in -
141 patients and 142 healthy controls, con51dered that .
',recurrence, of thefpatients] typical pain, spasm of the
N

/'//\ . )

S
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ks

gallbladder, and reflux of dye into the hepatic ducts are
good indicators of gallbladder disease - but reported cramps
in the right upper quadrant in 8% of the controls, mild
reflux of opaque contrast medium into the hepatic ducts in
several, and spasm in some. In contrast to many other
authors, they stated: "The amount of sgeed and contraction
alone are not significant". Furthermore, Valberg et al.
(172) reported some controls in whom the gallbladder

assumed globular shape in response to cholecystokinin; this

S

is regarded by most authors as pathognomonic of disease.
Valberg et al. believe that typical pain in response to
cholecystokinin is the only good indicator of gallbladder
disease whereas Dunn et al. (176), in a study of 74 patients
and 44 healthy controls, reported cholecystokinin—induced gall-
bladder-like pain in 27% of controls as well‘as in‘65% of
patients in whom biliary colic was thought possible. Also,
the radiological reports’(mean of grading by three radiologists)
recorded an abnormal response by the gallbladder to
cholecystokinin in728% of the controls as well as in 31%
of the patients. Valberg's group therefore concluded the
Cholecys:c“inin cholecystography is not helpful in diagnosis
or in manacement of the patients when acalculous gallbladder
disease is suspected.

In an experimental study Goldbergﬂet al. (177)
carried out cholecystoklnln—cholecystography in dogs who
had chemically induced cholecystitis, no . change in

contractility could be demonstrated in chronic disease
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but a tendency to increased contraction of the gallbladder was
notgd ihvacute cholecystitié.

In summary, the infusion of cholecystokinin has been
reported to give rise to pain and to various abnofmal responses
by the gallbladder such as assﬁmption of gi&bular shape,
hypocontraction (prolonged visuaiiSationA;adiologically)
and hypercontraétion, in acalculous gallbladder disease.
However, each 'abnormal’ responée-has been reported to occur

in apparently healthy controls, also.



THE PRESENT STUDY

Although the hiStological changes associated with
ealculous gallbladder diSease have been descrlbed in ‘ .
detail, the histological/morbhologicel changes in
‘acalculous‘disease have not been well defined. Also, although
muscle hypertrophy in'associatlon with gallstone disease
"has been well documented, the degree of the hypertrophy and
its natural history have not been studled “

There /is circumstantial evidence that altered gallbladder
motlllty is an etlologlcal factor in gallstone dlsease.
Furthermore, several studies have indicated an altered
response by the gallbladder to cholecystokinin in gallstone
disease, in XiéZg and in vivo, add in acalculous gallbladder R
disease in y}ﬁg.. However, these changes in respoese have
not been demonstrated conclu _vely and the nature of
the altered responee is not knowrmn.

With these facts in mind, the objectives of the study

were as follows:

. OBJECTIVES | ', .

In human gallbladders:

1. To characterise changes,in the-wall in ecalculous and
calculus disease.

2. To ﬁeaeure and'compare muscle thickness ln normal
gallbladders, in acalculeds disease, and in calculous-'
cholecystitis.of various degrees.of severity. |

3. To characterise{the gallbladder's response to neural

37
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stimulation.
4. To characterise the response to muscarinic-receptor
stimulation. p |
5. To'characterise the response to adrenergic-receptor
stimulation: | | :
6. To compare the response to histamine stimulation in

‘normal gallbladders and in various degrees of cholecystitis.

7. To characterise histamine receptors in the gallbladder.
8. To characterise the response'to=cholecystokinin. .
9. To compare contractility and sensitivity to

cholecystokinin in normal gallbladder, in acalculous

dlsease, and in calculous cholecystltls of varlous

degrees of severity. .

10.. To characterise the response of the gallnladder to
gastrointestinal hormones.

Ideally all studies should have been carried out on
nromal and diseased gallbladders. However, as the number of
ncrmal gallbladders in the study are small, they were used
for cholecystokinin and, where possible, histamine ]
sensitivity studies.“VHistamine studies were believed to be
4lmportant as Lennon (15) had shown changing sensitivity to
histamine with increasing severity of cholecystitis‘butﬁ
had been unable to_seudy histamine sensitivity in normal - (

gallbladders. o | - .

Studies on Guinea-Pig Gallbladder

During the study, unexpected results were seen with
. : .0 .

some of the agents studied. Therefore, to establish the

/

agents' potency, it was necessary first to record theixr

effects in a provenueXperimenﬁal model.

TR
R
-
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MATERIALS AND METHODS

Human gallbladders were collected immediately
following excision for proven or suspected gallstone

disease at the following city of Edmonton hospitals: The

~University of Alberta, the Chardes Camsell; the Misericordia

and the Royal Alexander. Permission to collect the
gallbladders was received from the'surgeon and the senior °
pathologist. . Usually the ‘gallbladder from the earliest
rdetered cholecystectomy Qas collected. _EVery effort was
made to colleot gallbladders removed whichadid not contain
gallstones. With the co-operation of the surgedns and
residents in the above hospitals,l wasbinformed of planned
cholecystectomies in patients with negatiée.or

1nconclu51ve radlologlcal 1nvest1gatlons.

L]
i

A total of 110 gallbladdens were collected, four of

which were severely diseased and traumatised peroperatlvely
and were therefore considered .unsuitable for the study.

The age and sex distribution of the 106 patients whose"
gallbladders were used in this study is shown fin Fig. 1.
There were 75 feﬁale and 31 male patients, i.e. a female to
male ratio of‘2.4:l. The overall average age was 54 years;,

the average for the women was 53 and of the men was 56 years.

Collection of Gallbladders

Prior tc cholecystectomy, cllnlcal data and results of

laboratory and radlologlcal 1nvest1gatlons were recorded
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FIGURE 1 : PATIENT POPULATION
Q
Histogram showing age and sex distribution of the
s _ '
106 patieﬁgs whose gallbladders were used in this study.
: : ., : : :
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The appearance of the gallbladder and other abhormél

abdominal findings were recorded per-operatively. Immediately

following excision the gallbladder was immersed in oxygenated

Krebs' solution and transported to the patholégy labératory.
Itlwaé examined maﬁrosc0pically by the ddty pathologist who
recorded,ahd advised the surgeon of.any unexpected macroscopic
abnormalities. The“gallbladder was opened lohgitudinally

and- its contents were noted, inciuding thehpumber, type and
size of calcuii; A section (3.0 x’2.5 cm)\Was ekciéed from
the anterior wall of the gallbladder body aﬁa-ﬁransported

to the laboratory in oxygenated Krebs'.soluﬁion.v

Gallbladders from Organ-~Donors , 3

In order to draw significaﬁt conclusions‘frém this
study it was=realised thaf.it would be important to
study normal gallblédder tissue. _Aé’there is a renal
transplantation unit %n the University of Aiberta.Hosp%tal, it
Waé hoped that normal gallbladders‘couid'be obﬁained from
organ—donors.‘ It was hoped that gallbladders collected
in this»fashion‘would supplement the small number of
normal gallbladderS‘exciséa because of suspécted gallstone
diséaée. FolloWing.submiséion of a studyvprofédol |
permission wés’gfa?ted by the Ethics Committee of fhe 4
Uhiversity of Alberté ﬁospital to excise the gallbladders
from these patients after thé removal of other orgéns for
transplantation. - | |

No gallbladdersvbecame available from the transélantation

unit during this study.
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Normal Gallbladders

'Six normal gallbladders were oObtained surdically; all
had been excised because of suspected gallbladder disease.
The clinical and laboratory data on the 6 patients is shown
in Table I. ‘Gallbladders were’classified as normal if the
following criteria were'met{

1. No calculi in gallbladder or extraheptatic’duct systems.
2. Macroscopically normal wall; no cholesterolosis.
3. Microscopically_normal wall; i.e. histology score less

than 3, (see histological classification).

S -

Microscogz

. o i i - : g
Immediately following arrival at the laboratory the
. gallbladd%ﬁ section was transferred to a large bath contalnlng
Krebs' solution which was contlnuously oxygenated with

~carbogen (95% oxygen and 5% carbon dlox1de). A smalll

section (1 x 0.5 cm) from the speCLmen was processed
for histology. ThlS was - flxed to cork, mucosal surface upper—
most, and placed in a spec1men bottle.
Ail histology samples were fixed for 24 hours in 10%.
neutral buffered formalin, embedded in paraffin (Tissue4
-prep; Fisher Scientiﬁic Ltd., Edmonton) at '56.5 degrees
centigrade; and sectioned transversly at 5 to 8 uM. The
sections (4-6) were mognted on'slides and stained with
'haematoxylin and eosin.  Further sections from some gallbladders

were stained w1th trichrome using Gomori's one-step method.
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TABLE 1 : Normal mmHHUHmQQmHmﬂ : Patients' Data, Results of Investigations, and Histology Scores.
‘ .
SEX AGE, SYMPTOMS & LABORATORY RADIOLOGY , HISTOLOGY
YR. CURRENT CONDITIONS DATA REPORTS * SCORg *
M 60 1 episode (1 hr) of normal OCG: non-functioning 1
epigastric pain 6 gallbladder (not
) - ‘repeated)
F 74 bilateral upper ureaf US: gallstones 1
quadrant pain; creatine p
chronic renal failure;
polycystic kidneys
F 37 lifelong fatty-food OCG: . normal @mHHUHmQQmm 1
intolerancy; 1 episode normal US: normal @mHHUHmQQmH
of pain in right
upper quadrant ~
F 31 3 episodes of epigast- normal OCG: normal gallbladder 1
ric pain in 3 weeks US: gallstones .
F 55 2 episodes of pain in sGoT ? US x 2: gallstones 0]
right upper quadrant
M 45 ‘recurrent mvwmommm of amylase OCG: non- mc:0ﬂwo:H:@ gall-
epigastric pain, i bladder.
former 'heavy-drinker’ ERCP: filling defects in 1
gallbladder ,
. US: normal gallbladder

*0CG: Oral cholecystography, US:
+Scores less than 3 were considered normal.
1At operation these gallbladders contained no gallstones and the biliary tree was normal.

cwﬁwmmocsaoﬁ,@DHHUHWQ&mH.
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Cover slips were applied with Histoclad (Clay-Adams) mounting
medium to all stained slides; ,

The slides were coded, mixed and examined without
knowledge of the motility-study results. All slides were
examined independently by a second observer. ‘Except for a
small number of slideé there was very good agreement in
thé histological éching of the slides by both observers.
Slides about which there was disagreement were. examined

by an independent third observer.

Histological Classification

The gallbladders were classifiéd histologically using

" a modification of the method described by Lennon (15). A

score was assigned to each component which contributes to

‘histological' cholecystitis; e.g. inflammatory cell
-infiltrate, edema, and red-blood-cell extravasation. Each

- ‘component was scored O if absent, 1 if mild or moderate,

and 2 if extensive (Fig. 2), and the score was totalled
fof each sample.. If‘the score was less than 3 the
gallbladdei was classified as normal; scores 3 -5, 6 - 10,
ana io+ were classified as chronic mild, chronic advanced,

and acute cholecystitis, respectively.

Measurement of Muscle Thickness

Muscle thickness was usually measured in sections .-

§tained with haematoxlyn and eosin. 1In a few sections (all

_ . ‘ 5 )
acute cholecystitis) in which the muscle did not stain well,
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FIGURE 2 : HISTOLOGY SCORE SHEET

Copy of the histology score sheet used for histological

classification. (Modified from that used by Lennon (54)).
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further sections were staiped'witﬁ trichrome Which stains
connective tissue and muscle green and pink reséectively.
Using an eye-piece micrometer (10 :x objective) muscle
thickness was me€asured in unitsfégiich when muitiplied

by 0.165 gave a result in microns (um). Meaéurements

were taken at 20 points or more on transverﬂe sections of each
specimen. In computing the mﬁsclé‘ﬁhiékness the width of the
connective tissue interspersed bet&een muscle bundles Qaé

excluded from the measurement. The mean muscle thickness

.was thgn calculated for each of the 106 gallbladders}

Motility Studies

Preparation of Tissue

The gallbladder tissue was loosely pinned toia pafaffin
base in the bath containing the Krebé's solution. The
serbsal layer was dissected-from the tissue which was then
divided into longitudinal strips 3 x 10 mm. One end of each
étrip wés attached by a fiﬁe‘silk ligature to a élatinum
hook at the botpom.of a 5Sml organ bath; the other end was
attached by a similar ligatu:e to ‘an isometric forgé—
displacement tranéducer, (FT-03C; Grass Instrumenﬁ Co.
Quincy, Mass.). The organ bath contained Krebs' sélution
maintained a£ 37OC, oxygenated'with 95¢% O2 aﬁd 5% CO2

>

which was continuously bubbled through the solution in the
. ST >

organ bath and in the Krebs' solution reservoir. -

The tension in thefstfips was initially set at O.S'g;
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when it altered spontaneously 1t was reset at this level.
Prellmlnary studles had shown that a base tension of 0.5g
was most su1table, giving consistent responses to repeated

stimulation with various agonists. The strips were allowed

.

one hour to equilibrate, .beipg ad intermittegﬁly with

o

‘Krebsl'solution.~

Recordings wereomege Ve ren Pol§§raoh Recorder:
'the foll@ylng comp051tlon'

(mM): NaCl, 116; "KCl, 5.4; CaCl 22 5;- (TC]- 1.2; NaH2P04,

1.2; NaHCo 22; and D-glucos-=, ll.2.

3’

N

‘Chemicals and Drugs

Drugs used and their sources were as follows: acetyl-

choline ohloride, atropiné sulphate, adreneline HC1,

histamine diphosphate, diphenhydramine, indomethacin, bombesin,
caerulein, cholecystokinin—octapeptide, gastrin I, glucagon,

motilin ¢ pentagastrin, substance P octapeptide, secretin,

‘vasoactive'intestinal polypeptide, vasopressin, neuro-
‘tensin, dibutyryl guanosine-3', 5' cyclic monophosphate,

»ahd tolazoline (Sigma'Chemical Co., St. Louis); tetrodotogin

and somatostatin (Carbiochem)- practolol (I.C.I.); secretln
(Montreei Quebec); vasoactlve intestinal pOlypeptlde_
.naturale(Karoiinska Institute, Stockholm) and synthetic
(Peninsula Laboratories,vBelmont CAa); Pentavlon (Pentaéestrin),

Ayerst Laboratories, Montreal); phentolamine HC2 (donated

by Ciba-Geigy) ; 4—methylhlstam1ne dlhyarochlorlde,

2—pyridylethylam1ne«dlhydrochloride, cimetidine HC% (donated.
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o
by Smith} Kline and Frenéh, Canada Ltd.); impromidine.
trihydrochloride (donated by Smith, Kline &’French Research
Ltd.). !

Fresh stock solutions of drugs to be used Were
prepared each day and serial dilutions were made;

Concentrations were usually expressed as molar; one

preparation of cholecystokinin and one of secretin, and

| ‘
vasopressin, were expressed as units per millilitre.

t

All substances except indomethacin and pentagastrin (Sigma)

were soluble in water. Indomethacin was dissolved in

‘eguimolar CO3 solution and neutralized with HC2.

Pentagastrin was dissolved in dimethylsulphoxide (DMSO SO°)

The effect of each agonist was tested on at least 2
strips from each of at least 10 gallbladders; starting with
the lowest drug concentration, increasing'concentrations
were added until the maximal response was-achieved. After
the maximal effect for each cbncentration had been'reaened,
the bath was washed out by overflow of fresh Krebs'
solution; the tissue was allowed to return to base level
being washed out at least once every 10 minutes. The
1nterval between drug application was at least 15 mlnutes,
being longer if the tissue was slow to return to base
tension. ! |

When the effects of antagonists (e.qg., indomethaein;

cimetic : and diphenhydramine) on'agonists were being
. /i . ,

assessed, the agent was made up in the reservoir of Krebs'

solution in the required concentration, usually at the

~

ae
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beginning of the experimént; in these studies, 'time-control'
strips (i.e., without the antagonist) were always studied
at the same time. When synergistic effects were studied, .

one agent was added before, with, or at the Rfint of maximal

effect 6f, the other.h

-

Analysis of Data

For'eaéh agent tested, the contractile respohse for
each concentratioﬁ'was recorded, and ‘was plotted as a
percentage of the maximal reséonse (Fig. 3) for that drug
in that séiip, and the meaﬁ’responsé (grams and %max)
was calculated for each concentrétion'in strips from each
gallbladder. A conéentration feséonse curve was. v
constructed‘fof eachAgéllbladder, and from this thé-EDSO
(the concentration'reéuired to cause half the maximal

reéponse) was calculated: The mean EDSC (with 95%

confidence limits) wés calculétéd for each drug in each

‘disease grOu@. When'calculating the contractile résponse

- {g) and muscle thickness (ﬁm), the mean, standard deviation,

l

and standard error of the mean were calculated. Statistical

-analysis was the Student's t-test. P values of 0.05 or

less were considered significant.
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FIGURE 3 : EXPERIMENT RECORD

-Copy'of the form used to record experimental daté;“.It : ¢
illustrates the methéd ﬁééd to record the sites from which
strips for motility ‘and ﬁistology studies were taken.
Individual contractile and }eléxant'responses were .
recorded and were also expressed as a percentage of
the maximum response by that stripﬁto that agent.
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"RESULTS

U ", MACROSCOPIC FINDINGS
o vy e s R
o B B ,

f At%operatlon 16 gallhlad&er%~Were normal to ji@
) ¢ s i
znspectlon and palpatlon. The' remalnder were. obv1ously

Mé ‘fﬁ*-~

R -
dlSeased to varxous deg&ees with thlckenlng and adhesions

to surroundlng structures.. There were 5 mucoceles and
there were no gangrenohs gallbladders Twelve gallbladders
dld net contaln calcull, one.-of which was thlck wailed and
had.h very ‘wide cystlc duct and furthermore there were
calcull in the common blle duct, an 1ndlcatlon that there
had been stones in thlS spec1men . MUltlple calcull were

present in 74 gallbladders and in 20 there was a solltary

1ned calcull. The

N

calculus.. Eleven gallbladders h: . ch lester01051s of
varylng degrees, 6 or which also cont?
flve ga}lbladders w1thecholester01051s and no calcull o o

were macroscoplcallyrnormal and per operatlve

¢

cholanglography was also normal

-

5 s
- i
N .

.

'MICROSCOPIC FINHENGS

7

W

HISTOLOGICAL CLASSIFICATION

-y

The gallbladders were classifled hlstologlcally as
o .
outllned rn Materlals ahd Methods. Six (6%) gallbladders :
-+ «Were normal, 54 Qﬁl%) had_chroﬂlc mild éholeoystitis_

54

#@;




Chronio Mild Cholecystftis'(CMC ;on = 54) .o

55

29 (28%) had chronic advanced cholecystitis and 17 (16%)

had acute cholecystitis. (Fig. 4) - ;

_Normal Gallbladder (n = 6) ?
" The mucosal layer in the normal gallbladder was
usually folded forming villi and was separated from the
muscle layer by a very thin layer of areolar connective r
tissue (Flg..S)..
The muscle layer was thin being composed of 2 - 4 -
muscle bundles which were multi—directional. There\was' | s

elastic tlssue lnterspersedéﬁetween these muscle bundles.

At the 1nterface between the muscle and areolar layers there

were usually scattered 1nflammatory cells which were mainly

lymphoCytes The outer layer consrsted of loose areolar

connectlve tissue.- ‘ : _ o ST
, : - : B ViR

\x’f) .

In thlS group there was mucosal hyperplasra with the

‘.ucosal layer belng thrown into promlnent mucosal folds

which were polypord (Flg. é), The mucosa was normal~and

there was no ulceratlon.5.The submucosa again was a thln

layer of connective tissue- whlch separated the mucosa

from the muscle layer In & small number of gallbladders'

there - were mucosal glands scattered throughout the

submucosa. In sqome cases‘ltywas difficult to differentiate -

these muc%sal glands3fromyRokitansky—Asohoff sinusesf |
./ . @:

o y
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. FIGURE 4 : GALLBLADDER DISTRIBUTION
\\\ .
] \\\ Histogram showing the distribution of gallbladders used
in this study The greatest number were in the chronic .
mild cholecystitis (CMC) group, with decreasing numbers
- in the chronic advanced cholecystitis (CAC), acute
; Chole_cystitis (AC) and normal (NOim)d.groups.
: i
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FIGURE 5 : GALLBLADDER WALL

Photomicrographs of transverse sectiens through
gallbladdér wall (Haematoxylin and Eosin) :
A. Normal gallbladder wall. Note muscle thickness

and the mucosal folds (x50).

B. Chronic mild cholecystitis: this is an extreme
example of the muscle hypertrophy noted in thls'

condltlon (x50)

C&D. Examples of Rokitansky-Aschoff’ sinuses  in ch:onie
» ‘ ) : :
vmild cholecystitis. TThev"%;nus“ (mucosal
dlverticulum) penetrates the entire muscle layer .

"which is hypertrophled (x50) .

E. ‘Example of»cholesterolosis shOwing cholesterol.

polyp (x50).

F; High power view'of‘cholestero; polyp in E showing
typical foam cells (x120). '

£ -
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FIGURE 6 : CHRONIC MILD CHOLECYSTITIS

Photomicrographs of transverse sections. through
_gallbladder wall with chronic mild cholecystitis

illustratihg mucosal hyperplasia and muscle hypertrophy

(Haematoxylin and Eosingxsb).'
) : _ b
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Rokitansky—Aschcff.sinuses were present in 64% of
gallbladders in this group. 1In approximately half of
these the sinuses were extensive and penetrated the full
muscle thickness,‘(Fig. 5).

A most'significant'feature ln this group was the
marked muscle hype;tfophy, the muscle bundles were hypertrophied
and there was much less elastic tissue lnterspersed between
the muscle bundles..éi in the normal gallbladders there were

occas1onal 1nflammatory cells, again malnly lymphocytes, at

the 1nterface of the muscle and areolar layers, Wlth

joccasional follicular formation.

. N ; ‘ .
The areolar layer consisted of loose connectiv@”tfsSue

‘and- occasionally contained scattered lymphocytes.. /

\

Cholester01051s Wthh appeared as large cholesterol

fllled cells macrophages or histiocytes,and usually

'referred to as foam-cells,'were notg® in 11 gallbladders.

The foam cells were scattered throughout the lamlné proprla'
a3 i

and in some cases were seen as’ ChOlESL ol polyps, i.e. large

aggregates of foam cells covered by an intact epithelium (Fig. 5,8).

Acalculous Cholecystitis (n = 5) - 8-

These five gallbladders were class1f1ed as chronlc mild

ChOleCystltlS. All five had varylng degrees of mucosal

~polyposis and all had ch ter01051s (Fig. 5, 7 8) Three

Q

of these gallbladders haQ/Rokltansky—Aschoff 51nuses, in, two

of ‘which they extended throughout the full muscle thlckgess;

1
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FIGURE 7 : GROSS CHOLESTEROLOSIS ’
Phot"ograp_h ‘of gallbladder wall with severe polypoid
cholesterolosis. ’ .
a. -~
. . 4
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* PIGURE 8 : CHOLESTEROLOSIS

: Photomlcrograph of transverse sectlon (haematoxyllni

and E051n) of gallbladder wall w1th cholester01051s.\‘

showing cholesterol polyp (x50) .

A higher power view of cholesterol polyp in A

o i
showing a collection of typical foam cells

‘surrounded by intact~epithelium (x120) .
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w,Acute Cholecystitis (ﬁ = 17) - ’ﬂs‘;5 ) 4,'“

Muscle hypertrophy was also ev1dent in all these

allbladders. The degree of 1nflammatory 1nflltratlon

was mlnlmal similar to- the ‘otheér- gallbladders 1n the chronlc »

% mlld cholecystltls group.,
. ;_" , _ R I

~

fﬁChronic AdvancedJCholecystitis (CAC- n = 29):

In this. group the polypord mucosa of the chronic mild

cholecystléﬁs was replaced by atrophlc mucosa which was,

\

flat and in ‘some. cases the eplthellum was completel*

P23

4replaced by flbrous tlssue; There wgre varylng,dec g Lo

-

of - 1nflammatory 1nflltratlon of the mucosal layer of

ff‘fx, v A . .
J.r&flammatory cells, marnly lymphocytes, w1th occasiﬂbnal , g
;{'g 2 " P . . L f ’ »> ° .{, "‘,S-' Q.‘
lymph01d mucosal folllcles.“j~ o ',ﬂq‘ e ;‘

4 SRR e ’ ! ‘::) s - ‘ ‘ w

I . .
Muscle hypertrophy was’ exldept in all specrmens of o

“this groupa However,‘ghere was ev1depee of muscle o ' _ ,';

fdéstruction and replac%ment by f&brous tLSSue, ifit some places

the entlre muscle thickness: was replaced by. flbrous thsue.

. ’

: There ‘was also infiltration of the muscle layer by lncreaSLng

humbers of ﬁymphocytes and plasma cellsnw1th the
occas1onal lymph01d folllcle formatlon.

- . The areolar layer was ‘also 1nflltrated by 1nflammatory
cells and in some places the}loose connectlve tlssue was

\
completely replhced by flbrous tlssue..

N SN

In all the specrmeng 1n thlS group the flndlngs in t- e
G ‘-

'“schronlc advanced dlsease were present but were more extensrve

¢ . . . N
e . v : - . . e D

. v - 0

~



fell w1th1n a narrow range of 116 - 123um' the mean :l;ﬁh

.morphonuclear leucocyt:

x4 T . o T ) X : .t ‘ . .
P - ¢ . ) o w ’ (‘b
¢ . - C N _— '

~1ntact eplthellum Wthh was. flattened and a@?

' Normal Gallbladder 3 R -

-

Ac&te 1nflammatlon was ev1den&'1n all layers. In the e

e e

68

mucosal layer there waildﬂberatnon and 1nf1ltratlon/ﬂy,poly_.

] & .
. ~ %
»ﬁgﬁ vhere was also extravasatlon of

R . &,

'red blood“yﬁlls. L L;, - |
{wﬁ>uln the muscle laYer there was more exten51ve ):g?'t
replacement of £ﬁ;§EE§:1e by flbrous tlssue and lnflltratlon

. Vo
by Polymorphonuclear leucocytes was evrdent - In the_' 'f ﬂ

'I;Er

4

Mucocoele (Hydrops) oo ' - PR bet
Hfre the outstandlng feature was extreme thlnnlng

of all layers. The mucosal layer usualfy consrsted of an

o
wk

,mdsclé.layer was also verywthln as was thé ;} lar.: o ,f

(‘ Y -»/

',There'was sparse 1nflammator¥ 1nf11tratlon of all layers.ﬂA_;

@_‘. . . ..A'; . X - ) - , . s ”b{\‘r -
MUSCLE THICKNESS _ T ae

~

¢ In the 6 normal gallbladders the mUScle thlckness
e

. v

_thlckness was 119 + 3'pm whlch was slgnlflcantly less than

. R .;u
that in the dlseased groups, calcuheus and acalculous. A
f Cholesterolosis ; RS f 4 F fh ' f ; ‘ P
; o ‘ L - :Qg‘ s -
Insthis group the smallest muscle thickness’ was
. ) =~ o B} - N
182 um, i.e., 50% thicker than normal gallbladder. ‘.

O
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The mean thickness of the muscle in this group was 230 +

"5S,um. et

1 ' .
Chronlc Mild Cholecystltls
W
> §
The muscle_ thlckness in this group was very variable

from the thlnnesgyof 170 um to the th;ckness of 642 um w1th
»oa meaﬂ‘thlckness of 309 + 36 um. In thlS group there

was no_muscle destruction (Fig. 4,5)."

.—m~ .
Chronlddkﬂv%pced Cholecystltls ?5-‘ R
: e [ SRR
The. méfan muscle thlcknesseﬁri th@ g]:g,pup was the
. Sy R e

same as in the ChIODlC mlld group, i.e. 30% ; 61 um.

;z'.

In one Spec1men the muscle measured 153 im but this was

)
L‘ .

due to areas of complete muscle destructlon and .

replacement by flbrous tlssue.° In areas where there was
no muscle damage the tthkneSS was 3 - 4:Eimes no¥rmal.

.
The greate%trmuscle thickness recorded in this group was- A

“w

~

- _ e i |
582 um, i.e. almost 5 times normal . --
. - > . - -~ ]
o D) ) ‘ 5 . L.
. - N : . - o
“) ‘ . R yi y . i
Acute Cholesystltls - o E

I ~ '
. s

In thls group .also there was za wide range” of muscle.

thickne$s. -Agalnkphere were'some spec1mens w1th very tthk

L .
. mean- muscle thlckness which was due to areas of complete:

destructlon and replacement by flbrous tissue. The mean

o
¥

thickness in- this group was 285 + 79 um and w1th a range

8

of 140 to 510 hm, E - - .
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-were unable to maxnga&n base t?ﬂslons of l

~the study. L

.L\-l('

””“There‘was-no fibrosis in the walls of these' organs. . . A

Mucocele (Hydrops)? £

The mean thlckness in this. grqyp was 92. + 24 um
which was th1nner than normal These gallbladders (5) were’

very distended at operation and were extremely thin-walled.

,
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MOTILITY STUDIES =~

n . . . !. 4
Organ bath stu@}es we;%ycarrled out on 352 g@llbladder

‘strlps.l The effects of varlous agonlst and" antagonlsts on

>

base tens1on, spontaneous act1v1ﬂy1“and contractlllty .

D . . .

were studled

. ia T
: . Ll g - :
. . s L N " t » ooty T
o - o P . = .
- , . . e . B - LG . " 4 .
. - . ) ) . ‘k‘.).}. . . L0 S )
. ) . :

Base Tension J . ' o A -

Preliminary experiments were carried out to establish -

_the ideal‘base tension for these strips, i.e. the tension

"stlmulated repeatedly by acetylchollne (1mM) .

level at which repeated stlmulatlon by the same:

concentration of the same agonist. ylelded cdn51stent

: LI
responses. Strlgs from the dlfferen%&glsease groups weére .

assessed as ten51ons varylng from 0.25 - 2 g. and

>

e ‘
responses were seen at all ten51ons- hoWever, some strips

and greater

.and therefore a base ten51on of O 5 g was usfi/throughout

In the studles Wlth gulnea pLg gallbladder strlps, the
strips. were set at a baseten510nSof l g as this is the

ten51on reported'in the literature~to be most.suitable.

e

72
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. ~ L In the human tlssues 1ncubatlon w1th the prostaglandln.
-t '!’*f’ MU o id e ©

ﬁ@'. RN synthetase 1nh1brtor 1ndomethac1n, caused a Sllght ‘depression
W B y 6&‘ g » « % .

' in base ten51on in a small number of strlps. Incubatlon

-, . B o

with the hlstamlne Hl receptor antagonlst dlphenhydramlne
“d.i... © (DPH) caused agxery sllght decreaSe 1% basewtedslonéin
. B occaSLQnal gallbladder strlps, whlle other antagonlsts‘“
o . & such as the antlﬁuscarlnlc agent atroplne and the 8 blocker

)

: propranolol caused no change in base ten51on. . : o ‘e

B D ‘1"1"‘39 : C A 5. LT : . Y: RS
L dhilkad Eﬁ? gallbladder strlps 1ncubatlon W th

ey - TN

lO uM) caused a decre&se 1n base ten51on fromv

AT
0 20, f 0

o

LR

) le incubatlon w1th the dlphenhydvamlne (lO uM)
‘ o K‘ - . - - . ” Y
: caused a lesser decrease 1n base tension of 15 - 20% Other

antagonlsts had ‘no effect on base tensron .in these tlssues.

.l-\.‘ . v
Sy

Cie Ceeg B s C(‘ "’r-i"“"f‘“;';'y
2
S wo e Follow1ng suspen31on of the strips in oxygenated Krebs''

R Roval _;{ 5 "

solutlon the tensron in gallbladder strips usually dropped

Spontaneous Actzv;ty

over the next 5 - 10 mlnutes after/which the tone usually

. increésed. ‘Concurrent with this increase in tone most . .

r

-strips developed spontaneous.rhythmical,contractions
7 _whichvvaried’in‘amplitude and frequency from gallbladder
‘to gallbladder and indeed from strip to strip inithe same
~ gallbladder. Spontaneous activity'that had' regular rhythmic
frequency and. an amplltude greater than 3 mm was classified
as good and that whlch was 1rregular or of;low amplitude
was classg§;ed as’ falr,fégpontaneous activity was good in
-23§'(7Q%l;°fair in146‘llé%) and did_not develop in 59 ll7%?‘
. , 5 . - »2"."



o peptlde and acetylchollne.

‘gallbiadder strips. Figure 10 shows good examples of ..

\)‘.‘ !

spontaneous act1v1ty in gallbladder body strips. s
R

~ ThlS spontaneous activity, once established
per51sted for several hours after whlch it gradually
decreased in amplltude and frequency . The spontaneous

act1v1ty'was affected to a Varlable dégree by contractile
responsés to agonists. In most strlps it contlnued ,
superimposed on small responses but its amplltude

‘,

. decreased with 1ncrea51ng contractlle responses and 1t was

-apolished’ by maximal contractlons}gn,cholecystoklnln—octa—

In guinea plg gallbladder strlpswthe spontaneous
act1v1ty was: con51derably more marked than in ‘the human
strlps belng present in all the strlps studied and belng of
much %reater amplltude ]e) that at trmes it obscured the

contractlle responses .to cholecystoklnln octapeptlde.

When human strlps were incubated w;th 1ﬁ§bmethac1n

slight, but notlceable, decrease in spontaneous act1v1ty 13

) v < ~ -
human strips when' incuba’ted with the histamine Hl antagonist

dlphenhydramlne 10 wm. . : - v
M C A .
In the gulnea pig strlps spontaneous actlvlty, ne. ...
matter how marked, -was qulckly abolished by 1ndomethac1n fl
) Q

(10 uM) and was decreased significantly by diphenhYdraminevkuM).

-
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B FIGURE 10 : SPONTANEOQUS ACTIVITY
Wy o e : - : : . )
! >IU.‘.- ' “i" \J o A‘( ‘;"‘;'
‘."J'Examples of good spontaneous act1v1ty in g\allbladder‘ ‘
' % . g
body g‘%rlps,_example at tOp left shows development
of spontaneous actlv:Lty in strlp after suspen51on in
organ—bath . u
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ACETYLCHOLINE

<

In this and in the following sections,except whéere

otherwise sgated gallbladder strips refers to human

gallbladder C‘rlps.. Acetylchollne producedvconcentrationf
U dependent contractlons in all gallbladder strlps tested

TﬂP onset of actlon follow1ng appllcatlon of acetvlchollnev

Ty

was rapid, being approx. 5 - 10 S« and the maximal con%ractile

T

effect was reached‘Between 60'and 80 s. The time -

requlred to reach max1mal response was the same for sm§11

. ‘h~ >N

and large aCetylchollﬁe concentratlon &?«

Q . [ '\

. 2 m\ (
to the basellne in approx1mately 6 min. and thlS was

-r; .

agpelerated by washing with fresh Krebs solutlon.'

'ﬁ“ Full concentration*response curves were constructed

' eﬁ;ﬁ T
. for strlps from 16 gallbladders, 8 with chronlc mlld ';; _ﬁ

—\ L
LN - o

cholecystltls and 8 with chronlc advanced cholecystlt 4 (Rig lll;
The mean maX1mum contractlle response in the chronlc mild

group was l 75 g whlle that in thégchronlc advanced group

. was 1. 655 a. - the dlfference waj not statlstlcally
N 2 “

a“kargnlflcant; The ED50 (i.e. the ncentratlon requlred

N

to cause ha&f the max1mal response) was calculated for ° .

-y ,h n v
. =3

@ the thonlcnmlld and'chronrc-advanced groups:, The_

a

Ve sensitivity (EDSO;-QS% confidence limits) for theﬁchronlc
e mlld cholecystltls group was 11; 96— 11 uM, whlle that for
the chronlc advanced group was 10; 6-25 M Here

o

again the dlfference was not statlstlcally significant.

-~
1
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g  ADRENERGIC. RECEPTORS

,Jrelaxant effect of noradrenallne was mbre a

|

' of base tone was caused by ‘a concentratlon o_

Sy B . u

AGONISTS AND ANTAGONISTS OF

S

Adrenaline, Noradrenaline

o

1

It was found durlng prellmlnary experlments that

there was no dlfference in the effects, efflcacy or potency,
Of noradrenallne and adreng&ane on gallbladder strlps.,.
» =

Therefore,°only noradrenalgngﬁwas used for the remalnder

-

o

of the study ' In strlps %%om 11 gallbladders‘studled

noradrenallne caused relaxatlon ang in 2 of these a blphaSlC
© D : . -l
effect was seen, low. concentratlons cau51ng Sllght ,ﬁ, . .
. , . oy .
contractlle responSes and the hlgher concentratldns
, - (C"«‘)

e
/

drug admlnlstratlon and maxrmum rel
- b

slowly, max1mum relaxant effect to iOO uM' was reached 1n g‘l‘\;<§

6 = 8 mln. (Flgk 12)., FolIOW1ng th&s the return of "’

the ten51on to basellne was Very slowrutahlng u wto*39fmin.,

>

and seemlngly unuffected by washlng w;th Krebs soldtion..

f,The maxmmal relaxant effect of 18 4 + 6 2 reducthn i

f-.A 2

1oo M Tne“,ﬁw“

he)

aregt on

,"‘ LR

strlps prev1ously contracted by sub—max1ma concentrations"
R :

/

of cholecystoklnlnqoctapeptlde. However’ it was not

pOSSlble to demonstrate any relaxant effect on strlps._on—k .
tracted by near max1mal conqentratlons (lOO uM) of thij agentl,

T
The concentraulon response cu#ve to noradrenallne 1s

' %

shown in Fig. l3 The ED50 for noradrenallne in gal!bladdef

! ‘ > AR

strlps was 19- * s uM (Flg 13) B L e

.o . .’ S T ‘ PP

i

causlng relaxatlon Onset of actloz was lO - 15 s. follow1ng : Q?ﬁ

xant . effect was; achleved - 8



FIGURE 12 : NORADRENALINE AND PHENYLEPHRINE

¢

Tracing showing the relaxant effect of noradrenaline

(lmM) (+) on resting tension in gallblaader;strip.
A2 Traciﬁg showing the relaxant effect of noradrenaline
(1 mM) (+) on a cholecystokinin (10 nM) (4)
contracted strip.
B. Tracings showing the contractile effect of

phenylephrine (1lmM) (+) on gallbladder strips.

A Indicates washing. of strips with fresh Kreb's

solution.
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FIGURE 13 : CONCENTRATION-RESPONSE. CURVES FOR

NORADRENALINE AND ISOPRENALINE.

Concéntration-fesponse curves for isolated strips of
human gallbladder to isoprenaline (ISO) ‘and noradrenaline
(INA) . Relaxant responses are expressed as a

percentage of the maximal response of each strip. Pointg

represent the mean + SEM.

i

/
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Isoprenaline

Isoprenaline céused concentration-related relaxation
inv9 Qf 10 gallbladders studied. No contracﬁile effect
was seen. Like noradrenaline the onseﬁlof action was.
10 - 15 s.; maximuﬁ relaxant effect was seen in 6 - 8 min.
and the time to return to base wés up to 30 min. Relaxation
was ‘seen with'concentrationé of 1 nM and maximal reiakant
effe¢£ was with 1 uM. The maximal relaxations produced
by isoprenaline (mean 30 + 5.6% reduction in baSe.tension)

were greater than those produced by noradrenaline

(18.4 + 6%). As with noradrenaline the relaxant effect

o

with isoprenaline was more apparent on pre-contracted’
strips, relaxing strips contracted with cholecystokinin-
octapeptide (1lpM - 10 nM). However, isoprenaline had no
relaxant effect on CCK~OP maximally contracted sﬁrips.

Gallbladder sensitivity to isoprenaline, EDSO - lS;
9 -~ 23 uM, did not differ significantly from that to

noradrenaline, EDgy 19 + 5 uM; (Fig. 13).

Beta-Blocking Agents

The relaxant effe?t of isoprenaline and noradrenaline
on both resting and CCX-OP induced tension were aﬁtagonised
by propranolol (100 uM ~ 1 mM). In‘8 of the 11 gallbladder
bodies stimulated with noradrenaline, propranolol unmasked
a_sméll contractile response. No contractile respohse

were seen with isoprenaline in this way. The maximum

contractile effect of noradrenaline (10 uM) in the presence



- of propranolecl: was apprdx1mately 5% of the maX1mal CCK oP

(1 uyM - 3 mM) was studled in 22 gallbladder body strlps SN

response. The 8, selectlve antaconlst practolol (l-uM -

-1 mM) had no effect of noradrenallne and 1soprenallne—

produced relaxatlons

Phenylerhrine ' : o SR o

The elfect of * the o= receptor agonlst phenylephrlne

Contractlle responses were seen in strlps from only 2

'gallbladders, gFlg 12).  The maxlmal contractlle effect

however, was less than 5% of the max1mal CCK-0P effect

.and were abollshed by the a- receptor antagonist phentolamlne

- (100 uM).

FIELD STIMULATION

¢

* The effects of fleld—stimulation were studied on 22.
gallbladders, 16 with chronic mild cholecystltls, 5 with

chronlc advanced cholecystltls and one normal Gallbladder

strips were suspended in the organ bath between platinum

electrodes. A current of 100 volts was used throughout

en

the experiment. Max1mal effects in dlfferent tissues were
produced by widely different frequencies and7duratlons of'
stimulation. | o
Stlmulatlon in the absence of antagonlsts always
produced contractlle responses (Fig. 14). Maxlmal
contractile responses were small, being less than 3Q§ of

the maximum'acetylcholine response. Contractile responses

)



FIGURE 14

EFFECTS OF FIELD—-STIMULATION

Tracing of contractile effect of field

stimulation 4+—++—bn gallbladder strip.

Tfacing of the relaxant effect of field-

‘stimulatiOn}*———Aon gallbladder body in

the presence of atropine.
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were qhtagonised by the muscarinic antagonist, atropine, in

a concentration of 100 uM. Stimulation of strips in the

presence of a higher concentration of atropine (1 mM)
" caused relaxant responsés in strips from 5 gallbladders
.including one hotmalv(Fig. 14). In this‘situation

maximal reduction of base teﬂsion of 40 - 50% was seén

infthese strips, i.e, a relaxant response greate{ than that
, produced by isoprenaline or noradrenéline‘ Stimulation

in the presence of both atropine (1 mM) and propranolol

(100 uM) produced very small contractile® responses in
'strips from 3 gallbladders; maximal acetylcholine stimulatioh
(1 mM) caused no response in these strips, indicating

that the contractile response was caused by adrenergic nerve

stimulation. No relaxant effects were seen in résponse

to field-stimulation in the presence of atropine and

propranolol.

‘' HISTAMINE

The effects of histamine‘stimulation was studied
on 27 gallbladders and in concentrations of 10eM to 3 mM and
produced concentratlon—dependent contractlons in all strips.
Contractile responses to histamine were rapid in onset
( 5 - 10 seconds), reached a maximum quickly (60 - 90 seconds),
and returned to‘baseline gradually (approximate}y 10
minutes from maximal csntfaction).

A comparison of concentration-response curves for

uﬁ’hist_amine in strips from gallbladders in each of the
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sensitivity of histamine (Flg. 15). There:was; ; S -\

significant correlation (P 0.01) between_the denge of

\

cholecystitis (histology score) and the\gen31t1v1ty of the %
N L4 ]
muscle -strips to histamine (Fig. 16Y. - 5’04values for the

‘different grdups are shown in table 2.-

/

Histamine Receptor Characterization

4

Diphenhydramine (lO.ﬁM), an Hl receptor antagonist,

significantly antagonlzed the contractlle effect of
histamine (Fig. 17). A hlgher concentratlon of diphenhydramine
‘(lOO,uML tested in a group of 13 gallbladders, reduced or
abolished_the contractile ;esponse and unmasked a small
relaxant response in 4 (Fig. 17).. Cimetidine (100 uM),
an H, receptor antagonist, did ﬁot affect the sensitivity
or the maximal response of strips from 9 gallbladders to the
contractile effects of hisfamine (Fig. 17). The Hl

. TN
receptor antagonist 2~pyFidylethylamine (1 uM to 3.N¥)n
produced contractile respénses of gallbladder but was>
significantly less potent (Fig. 18) and eliciteévi’g;;ller
maximal éontraction (61% of histamine maximum) than did
histamine. Tﬁe H2 receptor antagonist 4-methylhistamine,
also produced concentration-dependent contractile responses
(Fig. 18). However, high concentrations produced only

-small responses and a maximum was not reached. The

e wcontractile responses to both 2-pyridylethylamine-
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FIGURE .15 : CONCENTRATION-RESPONSE CURVE FOR HISTAMINE -

-

Cohcentration—résponse curves for isolated strips of:

’ N
human gallbladder to histamine. Contractile responses
"afesexpressedjaé a percentage of the maximal response of
each strip. Curves are shown for strips whiéh‘were
graded histolqgically as normal and as having chronic
mild cholecystitis (CMD) , chronic advanced cholecystitis

(CAD) or acute cholecystitis (Acute). lPoints représenf

the mean responses + SEM.
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FIGURE .16 : RELATIONSHIP BETWEEN HISTAMINE SENSITIVITY

AND DEGREE OF GALLBLADDER INFLAMMATION

| 'Relationship between the sensitivity of human gallbladde;
body strips to histamine (assessed by calculation of the
EDSC from ;ndividﬁal conéentration—response curyes) and
the grade‘of disease (histology score) assessed by
"histological examination of adjacent strips from each
gallbladder. Linéar regression analysis revealed a
. significgnt cdrrelatioh (r=0.989).

¢ Chronic mild cholecystitis

i Cﬁronic advanced cholecystitis

2 Acute cholecystitis
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'TABLE 2 : Gallbladder Sensitivity to Histamine in normal

- and diseased states.

GROUP . EDg, (95% CONFIDENCE LIMITS) uM.
NORMAL ) 90 (31 - 135)

cMC . T 32.4 (28.8 - 37.4)

CAC : 12.5 (10.0 - 15.9)

AC . - 3.0 (2.0 - 4.6)

CMC Chronic Mild Cholecystiﬁis

cac Chronic Advanced Cholecystitis

AC “Acute Cholecystitis

[y



FIGURE 17 : EFFECT OF HISTAMINE RECEPTOR ANTAGONISM

Concentrati§n¥response curves for isolated strips of

Human gallgladder body to histamine in normal Krebs

and in the presence of cimetidine 100 yM and diohenhydramine
10 and 100 uM. Contréctions are‘ekpressedlés a mercentage
of the maximéi control resbonse to histamine on‘each strip;
Approximately 30% of gallbladder strips displaved a small
relaxant respoﬂse (expressed as a pefcentage decrease in_ -
baseline tensioﬁ) to histamine in the presence of
diphenhydfamine 100 M. Only data from galIbladders.with
chronic cholecystitis are included. Points represent

'mean‘i SEM. .
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?IGURE 18: CONCENTRATION-RESPONSE CURVES FOR

. 2-PYRIDYLETFYLAMINE AND 4~-METHYLHISTAMINE

'Concentration—response canes for isolated strips

of human gallbladaer body with chronic cholecystitis

to 2-Pyridylethylamine (PEA) and 4—methylhistamine (4MH)
in normal Krebs and in the presence of diphenhydramine
100 uM and cimetidine iO “uM. Contractlle responses are

expressed as a percentage of the maximal resoonse to

histamine in each strip. Relaxant responses were obtained
in 43% of gallbladders to 4-methylhistamine in the
presence of diphenhydramine lOO uM and are expressed as

\

a percentage decrease 1n basellne tensron ‘Points represent

the mean + SEM.

g,
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.and,ﬂ—methvlhlstamlne were abollshed\bv dlphenhydramlne

\
K

(l O uM) and small relaxant resoonses to 4—methylhlstam1ne

were then observedjlp 6 of the 14 aallbladders studied
» o .

Fig. 18,19). Tolazoline, a specific ﬁz*receptor
agonist caused contractile responses which were antaqonlsed
bv dlohenhydramlne No relaxant responées were seen w1th
 tolazoline in the oreseoce of diphenhydramine. Impromidine
(0.1 uM to 30 .uM), a hiahly specific Hz receptor aqonist,.
failed to elicit a contractile or relaxant resovonse in
.either the absence or.oresence of diohenhvdramine (100 uM).
In strins from 10 qallbladders in whlch the tone was_
ralsed bv CCK-0OP (lO nM) in the presence of dinhenhvdramine
(100 uM), histamine (3 mM), 4—methylhistamine (3 mM) or
impromidine (3OIuM) did‘not eiioit any relaxant responses.

Similar studies were carried out on a small number
of auinea pig gallbladder strips; Stimulation with 4-
methylhistamine znd histamine in\ﬁhe oresence of diphen-
hydraminemhad a potent relaxant effect. Contractile effects
due to cholecystokini~ octapeontide in the oresence of
divhenhydramine wer:z . onised, .and in some cases

completely reversed, b addition of histamine . or

4-methvlhistamine.

HORM NAL & °I. _ 71,

Cholecvstokinin
The effect of cholecys cokiri- was s-udied on 36

gallbladders. Two cholecystokinin orepar Zions were

100



FIGURE 19

A & B

.
.-

101

EFFECTS OF HISTAMINE H? RECEPTOR

STIMULATION

5

Tracings showing the relaxant effect of
4-methylhistamine (mM) (+) on gallbladder
strips in the presence of diphenhydramine

(100 uM).

¢
Indicates washing of strip with fresh

Krebs"deution.
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used, a natural preparation which was quantified by bioassay,
and a synthetic preparation con51sting of the terminal (COOH)
8 amino acids (octapeptide).' The characteristies of the

- responses (timeloflonset, time to peak and relaxation time),
iwere similar for both preparations.- As it was not possible
Ato achieve a maXimal response to the natural preparation
only results obtained with the Octapeptide preparation were
used to calCulate sensitivity and maximal responses.

) Concentration-dependent contractions were caused by
cholecystokinin-octapeptide (CCK-OP) in all gallbladder
strips studied. The onset of action was more rapid with
increasing concentrations being 36 * 4 seconds and.ll + 1
second at l pPM and 1 uM concentrations respectively. The
onset of action with any given concentration was similar in

\

the different disease groups. | The. contractile response to CCK-

OP was slow'and the time taken to reach peak contractions

increased with increasing concentrations so that in some

strips the peak contractions to 10 uM CCK-OP was reached

after 9 - 10 minutes. Figure 20 shows the time taken  to

reach maximum response for the difgerent CCK-0P concentrgtions.
The most characteristic feature of the CCK-OP respo@se

was the long relaxation tir . which increased with increasing

CCK-0OP cohcentration. lhe time taken for strips to return

to baseline tension following maximal CCK-0OP stimulation

was 44 + 6 minutes. This return to base tension was

seemingly unaffected by washind with fresh Krebs' solution

(Fig. 21).
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FIGURE 20 : TIME TO REACH MAXIMUM CONTRACTILE RESPONSE

WITH CHOLECYSTOKININ~OCTAPEPTIDE

Diagram showiig the time taken for increasing
concentrations of CCK-OP to achieve maximal effect in
strips from gallbladders with chronic mild cholecystitis

(n = 38).

)
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FIGURE 21 : RESPONSES TO CHOLECYSTOKININ-OCTAPEPTIDE

CAERULEIN AND GASTRIN.

1 . . N g
/!

Tracings showing similarity of contractile fesbonses by

: =
gallbladder to:-

A. CCK-0P (4) (10 uM)
| B.  Gastrin I (+) (10 uM)

C. = Caerulein (+) 500 nM S

o J

a indicates washing of strip Qith‘fresh Krebs' solution.

——
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TQe contractile effect of CCK-OP was unaltered by thé
antimuscérinic agent atropine (100 yM), the hiétamine Hl
and H; receptor antagonists diphenhydramine (100 uM) and
cimetidine (100 uM) respectiVely, or the prostaglandin
synthetase inhibitor indomethacin (10 uM). The CCK-OP
’effect was antagoﬁised ﬁy N202—dibutyryl cuanosine 3'-5"
cyclic mOnophésphate(dbGMP)in concentrations of 1 - 300 uM.
The antagonist effect was evident whether the dbGMP *was
added to the bath before, with or aftef the CCK—OP. The
_ higher concentrations of dbGMP (300 UM) completely
antagonised'éontractile responses to CCK-0P concentrations
up‘té 1 nM, while responses to higher concentrations (3nM -
1 uM) were only'partly agtagonised, the ma;imal.CCK—OP
responées bein§ only minimallv affected. Whereas the CCK-OP
contracted strip was unaffected byAwashing wi%h fresh
Krebg"solution,'washing strips in whicﬁ the CCK-OP
contractile effect was aptagonised by dbGMP caused the
vontractile effect to CCK-OP to be féstored. ﬁ

| Full concentration-response curves were constructed
for normal and diseased groups (Fig( 22,23). The data
for the three gallbladders with acalculous cholecystitis
was included in the chronic mild cholecystitis group and
also conéidered separately. Estimation of the sensitivity
(EDSO; 95% confidence limits) of gallbladder strips in

the different groups revealed that no significant difference

existed between normal gallbladders, those with acalculous
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FIGURE 22 : CONCENTRATION-RESPONSE CURVES -FOR

* CHOLECYSTOKININ-OCTAPEPTIDE

Contractile responses were expressed as a pefcentage of
the maximal response of each strip. Curves are shown for
. strips from normal gallbladders and éhose with chrbnic
mild, chronic adﬁancéd, and acute cholécystitis. ‘Points

represent the mean responses + SEM.

X
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FIGURE 23 : CONCENTRATION-RESPONSE CURVES.FOR

- CHOLECYSTOKININ-OCTAPEPTIDE

Contractile responses were expressed as a percentage of
the maximal response of each strip. Curves are shown for
strips from normal gallbladders (n=6) and those\with
cholesterolosis (n=3). Points repfesentvthe mean respdnses

+ SEM.
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chronic mild, chrOnic.advanced;'or acute chbleCystitis
(Table 3). Comparison of the maximal contractile responses

in the different groups (Fig. 24,25), showed a significant
Y B

‘decrease 'in the order of chronic mild cholggystitis, chronic

advanced cholecystitis and acute choleéystitis. The maximum
contractile responses in -strips from normal gallbladders
wés‘less, but not significantly so, than the maximal responses

obtained from strips with chronic mild cholecystitis, and was

'significantly greater than maximal responses in strips with

chronic advancea'and acute cholecystitis (Table 3). This
relationship df responses, i.e, chronic mild cholecystitis >
normal)chronigfadvanced}acute cholecystitis was the same for
all CCK—OP.concenﬁrations (Fig. 24). Muscle thickness did
not>differ significantly among the disease ngups' 7

: , ' (
studied but were significantly thicker than normal (Fig. 26).

Caerulein, Gastrin and Pentagastrin

Caerulein caused dose dependent'contractions‘in strips
from the eight gallbladders tested. Unfortunately, the

highest concentration of the caerulein attainable in the

. bath was Q.1 nM and this did not cause a maximal

A

contractile\ response. The characteristics of the caerulein-

’ inducedStontractile response (i.e. onset of action,time to

pe;kAagg/relaxation) were similar to those of CCK-OP
(Fig. 21). Like the CCK-OP contractile response the
caerulein response was unaffected by atropine (100 uM)

diphenhydramine‘(loo uM)‘or'indomethacin (10 uM) but
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TABLE 3 Sensitivities and'Contractile Responses to
Cholecystokinin-octapeptide in normal
and diseased groups.
GROUP No. EDc
(95% CONFIDENCE CONTRACTILE
LIMITS) uM RESPONSE (GRMS)
NORMAL 6 80 (35 - 182) 1.85 + 0.26
. . }/ )
CHOLESTEROLOSIS 3 99 (28 - 226) 2:10 + 0.42
CHRONIC MILD - 15 99 (58 - 166) 2.34 = 0.34
CHRONIC ADVANCED 9 200 (75 - 538) 1.0 + 0.08
" ACUTE 7 160 (32 - 814) 0.33 + 0.09
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FIGURE 24 : CONCENTRATION-RESPONSE CURVES FOR

CHOLECYSTOKININ—OCTAPEPTIDEv

Contractile responses are plotted for strips from normal

gallbladders and those with chronic mild cholecystitis,

chronic advanced cholecystitis, and acute cﬁolecystitis._

Points represent the mean response + SD.
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FIGURE 25 : RELATIONSHIP. BETWEEN HISTOLOGY SCORE AND

CONTRACTILE RESPONSE TO CHOLECYSTOKININ-QOCTAPEPTIDE

Points represent the mean maximal contractile response
for strips from individual gallbladders plotted against -

the histology'sqore for that gallbladder. .
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FIGURE 26 : MUSCLE THICKNESS IN GALLBLADDERS USED FOR

| CHOLECYSTOKININ STUDIES.

Histogram Showing muscl§\thickness in nprmal'gallbladders-
(n=6) and those with chrbnic mild cholecystitis (CMC, n=15),
Chronic advanced cholecystitis (ACA, n=9) and acute
cholecystitis (AC, n=6). . Bars repgééent the standard

~.
deviation.
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was antaéonised by dbGﬁf. Thé characteristics of the dbGMP
antagonism of caerulein, i.e. effectiveness whether added
before, with‘or after caeruléin, épontaneous return of the
contractile response on washing the strip with fresh Krebs,"
were similar’' to those of dbGMP antagonism of CCK-OP,.

As a maximal contractile response was not elicgited with

the caerulein it was not possible to calculate the EDSO'

A concentration-response curve was constructed by expressing

the éaerulein‘responseé as percentages of the maximal CCK-OP
responses in the strips. Based on this concentratieni
response curvé (Fig. 27) caerulein was approximately 2S times
less potént than CCK-OP.

The effects of Gastrin I ana péntégastrin were studied in
strips fraom 12 gallbladders and both cauéed»concentration—
dependgnt contractions in all gallbladder strips studied.
Unfortunately it was not possibie to obtain a Gastrin IT .
p;eparation for this s£udy. Gastfinkspd pentagastrin were-
of equal potency and efficacy on a molar basis with %@ual'
concentrations causing équal éontractilg‘responses in the 
samevstrip. | /

The characteristics of the responses were the same as

those of Gck4OP and caerulein responses (Fig. 21) and like
them were égtagbnised by dbGMP but not by other antégynists.
atropine,>diphenhydr§mine or indomethacin; The contractile
reséonse to gastrinland pentagastrin 1 uM was abolished by

the maximal attai-able concentrations of dbGMP (300 uM) :

responées to higher concentrations were incomplétely antagonised.
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FIGURE 27 : GONCENTRATION-RESPONSE CURVES FOR

CHOLECYSTOKININ—OCTAPEPTIDE, CAERULEIN AND

GASTRIN/PENTAGASTRIN.

All responses‘Were‘expressed as a percentage of the
maximal CCK-OP response in that strip. Points represent
the mean responses + SEM.
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When added. to the bath together lower concentrations of
CCK-OP and pentagastrin produced an additive contractile

effect, and pentagastrin increased the tension in the CCK-OP

.contracted strips. With increasing CCK~OP concentrations

the additive effect of gastrin decreased so that it had

no effect on the max}mal CCK-OP contraction (Fig. 28).

* As with caerulein maximal contractile responses were

‘not achieved with the gastrin or pentagastrin so that a

true EDSO could not be calculated. Responses were

therefore expressed as a percentage of the maximal CCK~-OP
responses. \ The greatest gastrin/pentagastrin effect achieved
was 45% of the maximal CCK-OP produced response (Fig. 27).

On a molar basis gastrin/pentagastrin was 100 times less potent

than CCK-OP and 4 times less potent than caerulein (Fig. 27).
i

Substance P

The effect oﬁ_subst&nce P inlconcentratioﬁs of.l nM

to 30 pM was  studied on. 12 gallbladders and in these
» :

concentrations it produced concentration-
dependent cont:écﬁions. The onset of action‘was
approximately 55 secs. which‘Was much slower than with
other contractile agents. The maximal contractile effect
was reached after 60 secs and was usually caused by a
concentration of 10 uM. The contractile response was small

when compared to that of CCK-OP: the maximal response was

19 + 4% of the maximal CCK-OP response,
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FIGURE 28 : RESPONSES TO PENTAGASTRIN

)

A & B " Tfacings of conﬁractile responses by

gailbladdef strips to pentagastrin (10 uM) (4+).

C Tracings showing the additive effect of
pentagastrin (100 nM) (+) on a
cholecystokinin~octapeptide (1 nM) (%)

contractile response.

D Tracing showing the additive effect of
pentagastrin (10 uM) (4) on a
cholecystokinin-octapeptide (100 nM) (%)

contractile response.

"4 Indicates washing with fresh Krebs' solution.
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The effects os .substance P when combined with low
concentrations of CCk—OP were additive (Fig. 29). However,
this additive effect decreased as concentratlons of CCK—OE
were increasedaand was not evident with maximal CCK-OP
_concentrations. |

| The contractile effect of substance P was unaffected
’by the- muscarlne receptor antagonlst, ‘atropine (lOOLuMl
the hlstamlne Hl receptor antagonlst dlphenhydramlne (lOO,uM)
or the CCK—OP_antagonlst dbGMP (300 uM). The Substance P

concentration-response curve is shown in Fig. 30.

Vasoactlve intestinal polypeptlde (VIP)

As the results of stimulating human gallbladder with VIP
were unexpected the method and drug potency were assessed
on guinea pig gallbladder strips as this ie a -proven

experimental model for this agent (103).

Human gallbladder

Spontaneous act1v1ty developed in 32 of 40 human gall-
bladder strlps studied. Concentration-related contragtlle
responses were elicited by cholecystokinin:SEtapeptide
CCK-OP (1 pM to 1 mM). VIP (1 pM to 1 uM) had no
noticeable effect on spontaneoue,activitf nor did it affect
the resting tension of the etrips. Submaximal concentrations
of. CCK-OP caused concentration—dependent increments in
tension which were unaltered by the addition of VIP (l pM to.
1 aM) to the bath prior to CCK ~-OP or during the plateau phase

of the CCK-OP response.- . .



FIGURE 29 : EFFECTS OF SUBSTANCE P

A,B & C

128

Tracings showing the contractile effects
of substance P (10 uM) .(+) on gallbladder

strips.

Tfacing showihg the additive effect of
substance P (1 uM) (+) on the CCK-OP

(10 nM) &) contractile effect.

Indicates washing with fresh Krebs' solution.
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FIGURE 30 : CONCENTRATION-RESPONSE CURVE FOR SUBSTANCE P.

Responses in each gallbladder strip were expressed as
percentages of the maximum contractile respoﬁse in that

gallbladder strip. Points represent the mean‘i SEM.



% Maximum Cohtraction

M= dais

“r

v Gallbladder N=12:

—Logm [ Substance PJM

131



132

Guinea pig gallbladd&r

‘In 33 (74%) guinea pig gallbladders, .VIP, in
concentrations of 0.1 pM to 0.1 nM, caused concentrationF
related contractions (Fig. 31, 32) and.concentrations of 1 nM
to 10 nM caused smallen contréctidns. - Still higher
concentrations (100 nM‘to.l uM) caused relaxation of all
gallbladder strips (Fié, 31). The contractile resPOnSeé
were rapid in onset and rapidly reached a peak (30s) Qhereg; N
the relaxnnt resonses, though.equallé}qégig in onset, reached
maximum nelaxation more slowly (2 min). The maximum
contractile response to VIP was small and was ;pproximateiy
16% of the maximum respénse to CCK-OP (Fig. 33).

Spontaneous activity, which developed in all strips, was
unaffected by VIP except where there‘was marked relaxation
of the strips. The contractile effect of VIP was
unaffected by the muscafiné receptor antagonist, atropine
(LO uM) , the histamine Hl receptor antagonisﬁ,
diphenhydramine (10 .uM) or the prostagdandin synthetase
inhibitor indomethacin (10 uM).

.The contractile responses to low concentrations of
CCK-QPA(O;Ol PM - 1 pM) in combination with low concentrations
of VIP (0.1 pM - 10 pM) were apparently additive (Fig."34).
~As the tone was increased with higher»concentrationé o:
CCK;OP, the contractile effect of VIP decreased regardless -

of VIP concentrations. Concentrations of VIP which decreased

resting tension also relaxed CCK-OP contracted strips. The

~
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FIGURE 31 : EFFECTS OF VASOACTIVE INTESTINAL POLYPEPTIDE

(VIP) ON GUINEA PIG GALLELADDER.

Portions of a typical recording showing the effects of
increasing concentrations of VIP on the tone and
,spontanéous éctivity of -guinea pig gallbladder strips.
In the top panel VIP 1 pM (left +), 10 pM (centre +) and
- 100 pM, (right +), cause incfeasing contractile.respohse
-while in the bottom panel VIP 100 nM {left +) .and i uM -

(right +) cause relaxation.

A Indicates washing with fresh krebs solution.
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FIGURE 32 : CONCENTRATION - RESPONSE CURVE FOR VASOACTIVE

INTESTINAL POLYPEPTIDE IN GUINEA PIG GALLBLADDER.

Contractile responses are expressed as a percentage
of the maximal respeonse to VIP (approximately 16% of the
maximal respense to CCK-OP). Relaxant réqunses are

calculated as a pércentage change in resting tone (initially‘

set to 1 g). Points represent the mean + SEM, n = 33.'

FEvy
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FIGURE 33: CONCENTRATION-RESPONSE CURVES FOR VASOACTIVE

INTESTINAL POLYPFPTIDE AND CHOLECYSTOKININ-

OCTAPEPTIDE IN GUINEA PIG GALLBLADDER

Mean contractile responses by gallbladder strips to
CCK~-OP (n=8) and VIP (n=40) were plotted. Points represent

‘the mean contractile responses + SEM.
X : -

s
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- CCK-OP was abolished by 10~
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FIGURE 34 : EFFECTS OF VASOACTIVE . INTESTINAL POLYPEPTIDE

(VIP) ON CHOLECYSTOKININ—OCTAPEPTIDE CONTRACTED

 GUINEA PIG GALLBLADDER.

Portions of a typical recording showing the effect of various
concentrations of VIP on'responsés of guinea pig

gallbladder strips elicited by CCK-OP. 1In Panel A,

12

‘M), 10710

following a small contraction to CCK-OP (10~ °M VIP (+)

induced an increase in tone, in B lO_7M VIP (+) reduced

—lOM)

—llM

the stimulatory effect of a higher concentration (10
of CCK-OP whereas, in C, the contractile effect of 10

6M VIP (+) and relaxant response

was obtained.

) A Indicates washing with fresh Krebs' soluticna.

I3
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contractile responses to low concentrations of CCK-OP
(0.01 pM - 10 pM) were abolished by 1 uM and in some
instances, were converted to relaxations. . With inéreasing
CCK-OP concentrations the.relaxantféffect of high
concentrations of ViP decreased so that the ma#imal
contractile effect of CCK-OP (10 nM) was unaffected by

VIP (1 uM).

Secretin and other hormones

’.One preparation of segfetin (Sigma) caused
contractile responses which were believed due to CCK con-
tamination of the preparation. The characteristics of the
responses were similar to those of CCK-OP. A pure
secretin'preparatiohbhad no demonstfable effect on
santaneous activity, resting tone, or CCK-OP induced'toﬂe.

None of the folléwing hormones had ény demonstrable

effect on the resting tension, spontaneous activity or
CCK-OP induced tension in gallbladder strips: glucagon
(1 - 100 uM), motilin (1 nM _ 3.uM), vasopresin (0.1 - 10
units/ml), heurotensin (10 nM =~-30 _uM), and bombesin .

(I mM - 30_uM).

141
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SUMMARY OF RESULTS

Cholesterolosis and cholesterol gallstoggs,frequently'

co—existedv

\

Histological findings were similar in calculous and

acalcuious chronic mild cholecystitis._

All diseased gallbladders, calculous and acalculous
cholecystitis, had significant muscle hypertrophv.

Thevdegree of hypertrophy was simular in both aroups.

Gallbladder sensitivity to cholecystokinin—octapeptide

was unaltered in cholesterol gallstone disease or

- acalculous cholecystitis.

Glucagon, secretin, motilin, neurotensin and bombesin

had no direét action on gallbladder motility.

The gallbladder contractile response to histamine
was due to Hl receptor stimulation. There was a very.
small histamine H, receptor-popdlation in the human

gallbladder.

Gallbladder sensitivity to histamine stimulation

increased with increasing degrees of inflammation.

Vasoactive intestinal polypeptidehhad no effect bn'v
human gallbladder in vitro while in the guinea pig -

low concentrations caused contractile responses and



10.

11.

higher concentrations caused relaxation of resting

and CCK-0OP induced tone.

Human éallbladder contained only a small population
of a-~adrenergic receptors, stimulation of which

caused contraction.

The predominant effect of adrenergic stimulation was

muscle relaxation which was mediated by B, adrenergic

receptors.

Nonadrenergic - noncholinergic inhibition was not

demonstrated in human gallbladder sErips.

143



DISCUSSTION

Normal Gallbladders

As outlined in Results, gallbladders were classified
as normal‘only:if strict oriteria were fdlfilled. - Of the 6
normal gallbladders 4 were ekcised because of false positive
'radiologioal reports. When one examines the clinical hlstory
of these patients it is clear, as outllned in Table I, that
their symptoms were minimal. Histologically, scattered
inflammatory cells, mainly lymphocytes were seen in the

walls of these gallbladders. Carman et al (148), who

examined 5,00Q'consecutive bladders obtained at necropsy,
and Mackay (143) have staked that the finding of scattered

inflammatory cells in the wal e gallbladder does not

constitute an abnormality.

The most signiflcanr objecti .difﬁerence befween these
6 gallbladders and the disease gallbladders'was in muscle
thicknessf Muscle thicknes£ in the 6 normal organs fell
within an 8 um“range (116-123), all belng at least 50%
thinner than-the”thinnest diseased gallbladder. There
‘was, however,’one diseased gallbladder in whlch muscle
thickness was normal. This gallbladder contained Elgment
caleuli which were Secondary to hereditary spherocyt051s

A
which necessitated splenectomy.

It is justified to classify these 6 gallbladders as

- normal for the‘follOWing reasons;

144
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1. Mihimal symptoms - not clearly biliary.

2. No calculi present.

3. Normal extrahepatic béﬁiary‘tfee.

4. No inflammatory changes in the qallbladder>wall-
5. No muscle hypertrophy. | |

6. No cholesterolbsis.<

7. No Rokitansky—Aséhoff sinuses.

e

Cholecystitis

There was little evidence of inflammatory changes in thé'
gallbladders with chronic mild chdleéystitis. The<histolbgical
abnormality in this_group consisted mainly of mucosal hyper-
plasia, with the formation of mucosal polyps,‘and'muscle
hypertrophy. "These findinés were present in ail.gallbladders
in this group. | |

»In most'specimens'with chrqnic mild cholecystitis there
were scattered inflammatory cells at the muscle and
a@ventitional interface. This is not considered to be an
abnorm?lity (l§3,i48)l Inflammatory chégges in the mucosal
layer,.if present, were‘minimal. These findings afe in keeping
with the current concept that gallstones could theoretically
form in a histologically (i.e..no iﬁflammation) normal. |

gallbladder. Microscopic findings in this étage are in

agreement with those of Levine (20) in the stage referred

to by her as the hypertrophic stage.

- With increading severity of disease there was increasing
. T .
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evidence of inflammation in all the layers of the gallbladder
wall.
All specimens with acute cholecystitis were in fact due

to an acute inflammatory episode as evidenced by polymorpho-

nuclear cell 1nflltrat' -d cell extravasation/and edema,

superlmposed on’ chron.' ation as évidenced by mucosal

study with trde:acd?' i .stitist In a study of several
o 3
hundred surglcally removed”@allbladders, Levine (20) found

-

-

no organ with acute ChOleCYStltlS

Acalculous Cholecystltls

In this study there were 5 gallbladders with acalculous
cholecystltls.' As in the chronlc m%}d cholecystltls
group there were only scattered 1nflammatory cells, malnly

lymphocytes, at the muscle-adventltlal 1nterface, which

- does not constltute an abnormallty Use of the term

'cholecyst051s rather than cholecystitis as suggeSted by
Jutras et al'(l44) and Goldstein et al (145) is therefore
more correct. |
All 5 gallbladders had cholesterolos:is, in 4 it was. of a.

granular type, sometimes referred to as the strawberry
gallbladder because of its resemblance'to a very ripe'
strawberry, and in the other specimen the cholesteroclosis’
was more polypoid in appearance. Cholesterolosis also
occurred in associated with cholebéthiasls in 6 cases,

i.e. an incidence .6f 14%. This is in agreement with
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Illingworth (149) who stated that pure cholesterol gallstones
are frequently present‘in assoolation with'cholesterolosis
and is in contrast to Berk et al (147) who stated that
there was no relationship between cholesterolosis of the
gallbladder and supersaturation of cholesterol in bile %.;l~
or cnolesﬁ%rol gallstones: Several other studies have
reported cholesterolosis in 10 - 15% of patients with -
gallstones\kl52,l78). It is interesting that cholesterolosis
was not present in any gallbladder with advanced cholecystitis.
This concurs with the statement by Lahey (141) in 1927,
that "...the cholesterol deposits of the so-called 'strawberry’
type tend less and less to appear as the 1nflammatory
process in the gallbladder wall 1ncreases" This may be due
to removal of the cholesterol dep051t by the 1nflammatory
process.

Another finding in acalculous cholecystitis were
the Rokitansky—nschoff sinuses which were present in 4 of
the 5 acalculous cholecystitis gallbladders. Rokitansky—
Aschoff sinuses together with proliferation of muscle and
veplthellum Compose the 3 features of adenomyomatOSLS as
defined by Jutras (144) and referred to as cholecystitis
glandularis proliferans (179) .

Berk et;al (147) stated that cholesterolosis and
: adenomyomatos1s are 2 separate gallbladder diseases w1th
"iffering etiologies. In thls study all 5 organs W1th
Chrolesterolosis and 6 with cholester01051s and cholesterol. ‘/ﬁ\‘i
gallstones Lad mucosal hyperplasia and muscle hypertrophy |

and Rokitansky—Aschoff sinuses were present in 8 of these

¥

¥
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gallbladders. Although the number with acalculosrs
cholecystitis is small these flndlngs suggest that

.cholesterolosis and adenomyomatosis are not different

.diseases and may have the same aetiology. #

o

-

AcaLculous and Calculous Cholecvstltis The Same Disease?

Muscle hYpertroohy was present in all gallbladdexs
with cholesterol gallstones and all with g
cholesterolosis. Cholesterolosis was present in 143 of
"gallbladders wlth‘cholesterol gallStones and cholesterol gall—
stones were present in 55% of gallbladders ugth,cholesterolosis.
Rokitansky—Aschoff sinuses Were,present in four of slx gall—
bladders with cholester01051s, and 64% of gallbladders with
cholesterol gallstones. This is similar to the findings of
Elfv1ng (152) who reported sinuses present in 86% of chronic’
ChOleCYStltlS gallbladders, in 95% of which there were
aSSOC1ated gallstones.~

These findings suggest a strong assqciation between
cholester01051s, Rokltansky-Aschoff .Sinuses, muscle hyper-
trophy, and cholesterol gallstones. Thls is in contrast to the
statement by Berk et al- (147) that there was no association
between- cholesterolosms and Rokltansky—Aschoff sinuses and
that the two condltlons were not related. . As previously
suggeSted’(lSO)_the muscle hypertrophy.and Rokitansky-
Aschoff sinuses may result from resistanCe to gallbladder

outflow and there i's good evidence (l7) that, at least in
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the prairie-dog model, there is increased cystic duct,
resistance in association with cholesterol gallstone disease.

It is, therefore, proposed that cholesterol gallstones‘. : e
and acalculous cholecystitis represent different presentations of
the same condltlon, thei}tloloqywaF whlch is Egltl factorial
and 1ncreased cystic duct reslstance is one of\theserfactors

‘\\‘

 GALLBLADDER MOTILITY s

-

S

Spontaneous\act1V1ty has prevrously been descrlbed in
gallbladder body strlps which were diseased (15). 1In thlS
study spontaneous actlvrty was noted in normal gall- . .
Abladder tissue as well asin diseased. The inhibitory”effect |
of tbe prostaglandln synthetase 1nh1b1tor 1ndomethac1n on
spontaneous act;vlty, ‘as reported by Lennon (15) has been
conflrmed in thzs study. Inhikition of guinea plg
gallbladder strip spontaneous activity has been preV1ously ' . /
reported by Doggrell and Scott (181) and in this study
spontaneous activitYIWas abolished by indomethacin;,-'
Inhlbltlon of spontaneous actxvrty and suppre551on ofh
basal tone, by indomethacin has prev1ously been -
reported in human longltudlnal ileal musolP (182). THese
findings suggest that prostaglandins pl§§ a regulatoré'
role in spontaneous activity. |
The slight but definite inhibitory effect by th

hlstamlne Hl receptor antagonlst d;phenhydramlne on :

e

_ .
s PiEL b é‘f;' 3P

'spontaneous activity suggests that histamine may also
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involved in this regulation.

Analysis of Responses

Contractile and relaxant resoonSes are usually 2,

expressed as force per unlt Cross- sectlonal area or unit

1

mass.. This was not done in this studv for the ‘ ) .

following reasons- Strlps are composed of muscle, connective
( .
tlssue, and mucosa’ and muscle bundlés are not eligned:

v

longltudlnally but are arranged in a meshwork As the
mucosa rs_adherent to the muscle layer, and the connectiVe =
"tissue is interspersed between the musc? - bunales, it is

‘not p0551ble to get strips composed solely of mdscle.tlssue.

As the muscle bundles are arranged in a 'ultidirectional ﬂﬁi'

~1

fashlon each contractlle resoonse 1s the sum ' of Vectors

of ind: vidual muscle bundles actlng along dlfferent axes.

%
3, K

2

‘The problem is compounded wben worklng w1th dlseased v gj"ﬂ

gallbladders as muscle content 1n the gallbladder wall may

.

. : vary from 2.7 to 35 3% (15) and also there is muscle R

e : flbr051s; For these reasons-contractile responses were

2
s

not expressed as tensron developed ver strip: strlns were
. s SA -

3
P
4
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NON-HORMONAL REGULATION

Acetylcholine

. *  The results of this study confirm that. human qal -
e

| Mladder possesses chollnergic receptors. The finding that

) K 1 e

o the gallbladder soqsltivlty to acetylchollne dld not differ

between chrowic-mr&d and chronlc advanced disease suggests
. N

~“that. sen51t1v3ty ﬁs not:altered in dlseased tissue.

E Cva-
u.‘-’

~ There was o dlfference between the magnltude of
, B4 ,

contractlle résponses in the two dlsease -groups which is

SurleSlng” for although the muscle hypertrophy was

‘similar in both groups there was 51gn1f1cant fibrosis in

-the chronic advanced group. Also 'the contractile responsei S

tovcholecystokinin octapeptide,in the'chronic mild group

Y

was 51gn1f1cantly greater than that in the chronic advanced

group. Due to 1nsuff1c1ent tlssue, 4anentratlon ~response’
A

curves were not constructed\for acetyfihollne in normal

4lssue.,.;' ‘p In guinea plgs on a cholesterol diet ,;}

gallbladder contractlllty to acetylchollne has been shown

to be 51gn1f1cantly greater than in. control animals: (163)

However, in that studv the muscle content of. strlps was not

measured and the 1ncreas§d response may have beenﬁdue to

Lmuscle hypertrophy. It is p0551ble that resoonses to

acetylchollne would be greater in a dlseased ‘group as was

true. w1th cholecystoklnln,-
s g

K
.
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"in only a few gallbladders it is unlikely that they play
: ‘ \

'by,atfopinqCZ?
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Adrenergic Receptor Stimulation

While a significant‘a—rece‘ror pu,ulation has been
~dentified in feline (54) and 7tuinea pig (56) gallbladder. pvllk*

a very suaull a-receptor pOpulati as demonstrated in f%ﬁ£¥$A

‘less than one quarter of the gallbladders in this study. 1In

the gallbladder the o-receptors mediate contractions

in the gallbladder in contrast to most ‘intestinal

smooth muscle in wyhich a~receptor-mediated relaxation occurs

(183). BAs a very small a-receptor population was demonstrated

any signif- -ant role imqbiliary motility. Conversely

Y
B- adrenoreceptors were 1dentified in all gallbladders ‘ , 4 o

‘studied whereas others have identified them in less than

half feline (54) and human (79) gallbladders The

38 adrenergic receptor mediated relaxant effect was most

F’
evident in .lolecystokinin—precontracted str1§§ and may

play a role in the requlation of gallbladder motility
That the B—relaxant effect was inhibited by tﬁe
B—receptor antagorist propranolol, and not by the selective
Bl antagonist practolol, suggests that the receptors are
of the B, variety. ' . /
|

/
{
/

Nerve Stimulation

Field5stimulation is used in-vitro studies to stimulate
H N tos Ly - -

nerve stimnlationﬁ- That resultant contractile responses

| . : _ . ‘
were due to| nerve stimulation was confirmed by its inhibition

z
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stimulation and resultant contraction of the cystic duct

gallbladder relakation in response to splanchnic nerve

153

The contractile resﬁonses to field stimulation in
this study were small when compared to the contractile
response to acetylcholine and cholecystokinin stimulation.
The vagus provides the biliary tract. with motor fibres and
vagal stimulation causes an increase in_intragallblfdder
pressure, which is insufficient to expel bile from the
gallbladder (184). Perhaps this is rerlected in this study
by the relatively poor contractile response to field ‘ -

stimulation. Failure of the gallbladder to empty in response

to vagal stimulation may also be due to concurrent vagal

musculature (180)

Field stimulation in the presence of atropine ‘
simulates adrenergic'nerve'stimulation and in this"stgdy
caused relaxation of the gallbladder strips. This is in

agreement with reports by Persson (55) who demonstrated

stimulation in—viyo, particularly during,contraction in-

.

response to cholecystokinin. The relaxant effect was

inhibited by the' g- receptor antagonist propanolol Wthh in
a very small number of strips unmasked a small contractile

response. This small cont;actile response was - probably due

,to a~receptor stimulation as the addition of acetylcholine

~

to the bath had no effect. . : C

‘Field stimulation in the presence of both atropine .and’

propanolol did not produce relaxation in any‘strips;

. ‘_'.. ; K . . P
;. {::‘ s T . Y °
%‘:’5*": /‘?’ . ) : . ) i @
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i.e. noncholinergic-nonadrenergic inhibition was not
demonstrated. Noncholinergic-nonadrenergic inhibition has
been reported in the guinea pig gallbladder (63,64) but

results of this study suggest that it is not a factor in

human gallbladder motility.

Histamine

There have been several reports of histamine induced

. /
contractile responses in guinea pig (185), baboon (126)

and human (15) gallbladder. The findings in this study
areiin_total agreement with those of Lennon (15) who
reported an alteration in gallbladder sensitivity to
histamine among varying degrees of choiecystitis. An

‘ o4 .
important additional finding in this study is the extension
i [ .

EW

of this observation to normal tissues: i.e. therefis a o
gradualnincrease_in sensitivity from normal to acufely

inflamed tissues. There was a 30—foid increase in

'sen51t1v1ty from normal gallbladders to those w1th acute
ChOleCYStltlS With the use of the hlstologlcal scoring

‘system, we found a 51gn1f1cant correlatlon (P¢0.01) between L

the degree/of cholecyst;tls and the sens1t1v1ty of the muscle
ST

strips to hlstamlne Tﬁe mechanlsm underlying this changlng
- . /
sen51t1v1ty:t0 hzstamlne lg-as yet unclear but could be due

}

to alterlng hlstamlne receptor affinlty, or an 1nteractlon
L \,

with lnflammatory agents such dg prostaglandlns as suggested

by Lennon (15). It is also p0551ble that in cholecystitis
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there may be increased endogenous hiStamlne production by
mast cells: this would cause a false increase in sensitivity'
and could be. confirmed or outruled by doing concentration
response studies in normal and diseased tissues in the
.pfesence of a constant concentration of diphenhydramine.

Histamihe may be released from gallbladder tissue as
part of the inflammatory reatction inﬂcholecystitis and may
be involved in the control of normal éallbladder motilityf
The results of this study suogest that the-involvement of
,histamine in the control of gallbladder hotility.hay depend
upon'the severity of cholecystitis.

Histamine Hl'and H receptors have been descrlbed in

guinea pig and baboon gallbladders (185, 126) The . importance
sy - ’

of histamine H2 receptors .in the control

secretion is well known -but there have beeh few ’ e

1nvest1gatlons of the effects of histamine’ receptor stimulationlh‘
on human gastr01ntest1nal métlllty Relaxation'oflthe

~ human lower oeSOphageal sphlncter follow1ngiH2 receptor;
‘stlmulatlon 'has been descrlbed (186). In this study the
predohinaht effects of histamine on h@man gallbladder was

an K, receptor—mediated contractile effect. A very small
Hzlreceptor—mediated component was observed in less than

half (10 out of 23) of-the gallblaaders stﬁdied;' This is

in marked contrast to results u51ng guinea plg gallbladderk
where a major H2 receptor medlated»component was demonstrated
(124'185). The potent H2 receptor antaconlst cimetidine,

did not alter the sen51t1v1ty or the max1mal contractlle



responses of human gallbladder strips to histamine. Also,

histamine H2 receptor;mediated relaxation of CCK-0OP-
induced tone (measured in the presence of'dlphenhydramine),
o can .- easily demonstrated in guinea pig gallbladder strips
(185). In human gallbladder strips, however, under similar
: 7 ,
condltlons, no H2 receptor—med1ated~component was observed.
Further evidence for'a lack of functlonal histamine H2
recebtors in human gallbladder comes from the results wlth
selectige histamine H2 receptor. agonists.,. Impromidine,
which bossesses less than 0.001% of the agonist activity
of hlstamlne at H, receptors andiup to 50 times the act1v1ty
of hlstamlne at H2 receotorskfl87), falled to ellc1t any
responses in human gallbladder. Another so- called H2
selectlve agonist 4—methylhlstam1ne, also failed to relax
human gallbladder strips in.normal Krebs, but in the presenoe
of diphenhydramine small relaxations Qere seen. lthwas
approximately_loo—fold weaker than!histamine in producing
_Hl'mediated contractile re5ponses;

| Thus, whlle there is a 31gn1f1cant populatlon of /

H2 redeptors in the guinea pld gallbladder, there is but a

small population demonstrable in the'human gallbladder,

:wherelthey are probably.physiologically nnimportant.

® . HORMONAL REGULATION

B

Cholecystokinin

Findings in‘this study confirm that the humar jall-

’
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'previously‘unreportod'in vitro. These findings are io)

the Sensitivity or contractile response to CCK-OP; this !

./
/

!

contracts in a concentration-related fashion to

.cholecystokinin.' With increasing CCK-OP concentration the’

onsetAof action was quicker but surprisingly the time
requiredaﬁo develop maximal teosion increased'taking up to
hine~minﬁtes.to reach maximum with a CCK-OP concentration
of 1:uM. The prolonged felaxation tiﬁe, 45 minutes for
maxihal contraction. and lack of effect at washing are
keeping with in vivo reoults where the gallbladder -

continues to empty for up to 30 . minutes after CCK

"administration” (188). . : ‘ ) .

~As in other studies (70,81) the cholecystokinetic
effect was unaltered by the antimuscarinic agenf,atropine.

Histamine H, and H, receptor antagonists did not alter.

B

Y

lis in contrast to the findings in the guinea pig (124)

-Wwhere histamine H2 receptor blockade augmented the CCK

contractile effect. As only a‘very small histamine H2
receptor population &5% demonstrated in the gallbladder in

this study it is not unexpected that'H2 receptor antagonism

- did not effect the CCK-OP response.

The antagonistio effect of dbGMP in the CCK-0P

contraction (85) was confifmed. The nature of this

ifhibition is still unclear as indeed is the mechanism of"

157

action of cholecystokinin itself. Increased levels of cyolic

GMP have been noted in association with CCK activity (82).

but while some -authors believe this to be unimportant (83)
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Longinov (84) stated. that cyclic GMP is presquisite for
the CCK contractile effect. That CCK causes an‘elevapion in
~cyclic GMP and its contractile effect is inhibited by dbCMP_
‘would seem to suggest that cyclic GMP plays some regulatory
~role in the initiation or maintenance of the CCK contractile
effect. 1In analysing the inhibitinq effect of.the dbGMP
most.authofs‘(87) believe it acts as a competitiveiinhibitor,
'while.Miller et al .(86) believe‘it aets bv interacting with °
the cholecystokinin molecule. . |

It seems reasonable to postulate that eyclic %yP >
is a mediator in the, CCK effect and that this is the agent,
because of its cﬂemical similarity, which is antagonised by

- dbGMP.

Galf%ladder Sensitivity and Contractility to CCK-OP

Results of this study failed‘to show any difference
in sen51t1v1ty to cholecystoklnln between normal callbladders w4
and those with acalch:Ef or\caleuloqs ChOleCyStltlS.}{ThlS
is in marked contrast to results in in-vivo studies which
suggest altered gallbladder sensiﬁivity in both calculous'
(165,168) and acalculous (170,171) cholecystitis.

In these in-vivo studies gallbladder sensitivity to
cholecystokinin'is assessed by the change.lg gallbladder volume in
response to cholecystoklnln which is 1nfused or
endogenously released in response to a meal. Three methods

are used to measure gallbladder volume:-

l. It is calculated on fllms°frqm a sfandard cral cholecystogram.
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2. It is calculated(from gallbladder dimensions as
measured by»ultrasonography.

3. Percentage emptying is measured by the decrease in
radloactiVity over the gallbladder area during a
technetium scan., |

These methods may accurately assess the changes in gall-

bladder volume which may,‘or'may not, reflect gallbladder

sensitivity to‘gholecystokinin. Changes in volume are not
due to‘gallbladder response to cholecystokinin alone.

Gallbladder emptying is also affected by the resistance to '

flow through the cystic duct, the common bile duct

presSure, and sphincter of 0ddi activity. Increased cystic

duct res1stance has been reported in assoc1at;on w1th

gallstones and is present even in the presence of lithogenic
bile (17): this would inhibit gallbladder emptying and
could be interpreted as a decrease in gallbladder
sen31t1v1ty to cholecystoklnlnﬁi The cyscic duct does

contract in response to cholecys zinin but is less

sensitive than the gallbladder in normal and diseased states

\(180) and it is not known if, under physiological

circumstances, it does contracﬁ— Exogenousiy admlnlstered
9 -
CCK may give unphysiological levels of CCK cau51ng cystic

duct contraction, thereby increasing resistance to outflow
and inhibiting gallbladder emptying. This too, would be-
interpreted as‘a'de;."asingegallbladder senSitivity to

cholecystokinin. R



160

In this stndy.there~was a significant difference in
the contractility in the disease groups. The acalculous
(cholesterolosis) and chronic miiddcholecystitis groups
had contractile responses greater than normal. However, due
to the small number of normai and acalculous specimens
this difference was not significant. This increased
contractility probably reflects the muscle hypertrophy
noted in these groups and may be responsible for the
increased iﬁensitivity" to choiecystokinin reported in-vivo

studies. It may also represent the "hypertreoulic" cholecysto

(acalculous cholecystitis) group reported by uoidstein et al
1145) had greater than 80%‘emptying of gailbladder in
responsevto,cholecystokinin. - , ‘

‘Thompson et«al (167) described a group”of "'non- contractors’,
a group of patlents whose gallbladders did not resoond - to
cholecystoklnln, these are pos51bly represented in thlS
study by the chronlc advanced ChOleCYStltlS group Wthh
contractedavery poorly, the responses were 51gn1f1cantly
less than in normal, chronic m;ld,and cholesterolosis
‘groups. vUnfortunately in Thompson et al's study the
histological state of the'gallbladder was not assessed.
and related to’gallbladder COntractility -

| The - relatlvely poor contractlllty of the chronlc
advanced cholecystltls group is: surprlslng as the degree

of muscle hypertrophy was 51m11ar to that in the chronlc

: ,mlld cholecystltls group., It may be due t@ the flbrOSlS in

’ N

the muscle-'as there was no change in the sen51t1VLty, the

2,
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difference in contractility does not reoresent any change in

éholecystokinin a?finity for the réceptors. The finding of
poor con;ra;¢ilit9 in the chronic advanced and moreso in

the acute choiecystitis groupsvdiffers from thaf of

Goldberg et al (177) who found that the chronically
and‘acutely inflammed canine gallbladder have the same
contractility as normal. Howevef, in this stugy.the 4

acute inflémmétion in the gallbladder was superim osed ar
severe chronic cholecystitis withAmarked muscle = :oéis

dnd destruction, whereas the cholecystitis in Goldberg et al's
study was chemically induced.acute cholecystitis. Therefore,
the results are not really comparable. |

In the ground squirrel fed-alithogenic diethidhandler et al.
(164) reported Ao change in sensitivity but decreased ’
cbntractility to cholecystokinin. ‘However; the mﬁscle
thickness was not'meaéufed; galistones did not form and
the lithogenic index -did not reach I.

In summary there is no change in sensitivity to
éholecystdkinin in calgulous or acalculous‘gallbladdér
diseaSéﬂand the findings in this study are not in
aisagreémeﬁt ;ithsin-vivo studies as,-strictly speakinq'those studiers
-megsﬁred gailbladder:contractility rather than sensitivity. k
The changes in conﬁraétility.noted in this study help explain
soﬁe of the findings ih-viv0°stuaiesj

»

Gastrin, Pentagastrin ‘and Caerulein-

The cholecystokinetic efféct of gastrin, pentagastrin
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caerulein were confirmed in this study. As each of these
peptides and cholecystokinin has an identical carboxyl
terminal pentapeptlde amlde whlch contalns the
‘cholecystoklnetlcally active part of the molecule,
it is not surprIS1ng that the characteristics or the
contractlle effects of these agents are similar. That the
effects of caeruleln, gastrln and pentagastrln are
antagonlsed by dbGMP which is a spec1f1c cholecystoklnin
antagon;st, conflrms that they act at the same receptor
site as cholechtokinin.

S Gastrln and pentagastrln were equlpotent and efficent

fﬁgnolar ba51s and were approx1mately 100 times less
potent than cholecystoklnln octapeptlde, Wthh is 10 and
180't1me3 more than preV1ously reported for gastrin‘(189)c
and”pentagastrin'(SO) respectively It is not known .
if ‘the sulphated gastrin II is a more potent cholecystoklnetlc
agent than gastrin I (89,90). Sulphation of the tyrosyl |
residue is knownhto be essential to the‘cholecystokinetic
activity of‘cholecystokinin (70) and caerulein'(96).
‘However, as the sulphatlon of cholecystoklnln and caerulein
_llS at pos1tlon 7 and sulphation of gastrin II is at pos1tlon 6,
it may or may not affect the gastrin II cholecystoklnetlc
potency. . ': ' : . - / g

It is clear that gastrin has a cholecystokinetic

effect which may be thSlOlOglcal partlcularly if gastrin
II is more potent than gastrin I, ' '

Caeruleln has been reported to be a more potent;
. ‘%bx
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R
’

cholecystokinetic agent than oholecystokinin.(BO) but
in thlS study was found to be 25 times less potent than

cholecystoklnln octapeptide on a molar ba51s. As a .

ey

maximal contractile effect was not achleved it is not

possible to comment on its efflcacy. ‘ , .

B

Vasoactlve Intestlnal Polypeptlde (VIP)

Although VIP has been shown to affect mOtlllty in’
a variety of gastr01ntestinal tissues (l9O 191) this study‘
failed to demonstrate any VIP—medlated effect on human
gallbladder contractility in vitro. The lack of effect‘ﬂ?
of VIP'onAhuman gallbladder contractility is surprising

as it 1s believed to .be the cause of ‘dilation of the

r—‘, -
- £

gallbladder (106) whlch occurs in assoc1atlon w1th ‘W.D.H. A
syndrome (107) . It was decided to test the efflcaCy of the‘
E
VIP preparatlon in a test system prev1ously shown __ respond
to VIP; namelygguinea pig gallbladder. . VIPrfrom¢three ¢
,sourdes Qasastﬁdied' one 'natural' (por01ne) afid. twp S
'synthetic" and each preparatlon produced 51milar blphaslc“

effects on gulnea pig gallbladder strips.. At low

Fconcentratlons, a concentratlon—dependent contractlle,

.effect was seen which was max1mal at lOO pM. At hlgher A

concentratlons (lOO nM to 1 uM) concentratlon—dependent

-

relaxatlons were seen. All previous reports on gulnea pig
gallbladder muscle show VIP to be ‘a potent relaxant of both

restlng, and CCK-induced tone' (102, lo3) However, in other

x

gastrOLntestlnal tlssues, e. g. ileum (192,193) and

s
.

© ot



- “A"duodenum (l92) VIp causes contractlle responses. In one of

e

these studles (193), the contractlle effect was partlally

éiantagonised'by'atroplne.~ In this study,,the contractile responses
0 . i
. oo . P ¢ §

" were unaffected by atrOplne, dlphenhydramlne or 1ndomethac1n, -
.0 M

suggestlng that the VIP contractlle effect 1s hot medlated

: -7 via- muscarlnelor hlstamlne receptors or.via stlmulation of
o :" Sl e ] w it :
prostaglandln blosynthe51s.

2 - NatUral VIP may contain a CCK- llke contamlnant (194).

However the contractlle responses in thlS study were
o . 7 V.‘C
,;‘gﬁt "rcaused by both synthetlc' andﬁ\natural' VIP. Also; should

CCK be present in the/VIP preparatlons, contract 2 /

¢ o . _ £y

Y L reSponses in human gallbladder strlps should hav,

Y v
3 . Y
f Yo, @

9bserved It is unllkely, therefore, that the contractﬁ &
’ Gyl -

g ja responses were due to a CCK llk ontamlnant.v

.

VIP and the ‘GI hormone, Secret;n,'are structurally o P

. 51mllar l9ie : Secretln hasqﬁgw& reported tO“Cause ;

¥
B

-

. l'f" gallbladder smooth muscle\contracthon (98) and to augment :13 T
e CCK OP induced contractlons (100) . YIP may cauge callbladder

. \.‘

“

contractlons by a’ 51m11ar mechanlsm. " In a prev1ous report' ' ™

.(103), VIP, at a concentratlon of 10 :ng/ml (approx1mately

3 pM), abolished all spontaneous actlvlty In this study
spontaneous act1v1ty was only temporarlly affected durlng

L the acute rlse or fall phase in tenslon caused by low and hlgh ,3

\

L : concentratlons' respectlvely. VIP concentratlon ~related

reductlons of tone have been prev1ously reported 1- 200 ng/ml

1

‘ 'iﬂ’,c (3OO pM =~ 60 nM: approx1mately) caused 5 - Gl% reductlons ‘in

- N

restlng tone. Maximum contractlleqresponses occured with
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®100 pM VIP in the present study and relaxant responses were

-

qbserved only at. much hlgheﬁﬁconcentratlons. _
R

The md%t orOnounced action of VIP is the stimulation of

ation b¥ small and large,intestine

- & dlrectlon of gallbladder water and electrolyte tran5port (197)

as the qallbladdggzgxhlbvts the orooertv of receotlve

4
relaxation it is reasonable to Dostulate that the oallbladder

eV *

dilation noted in patlents with W D H.A. 15“@?r:sult of the 3;

Blk\

secretory effect of(yTD rather than an effect dqg

'x.u- _~
S

4 ' . T W v

5y
VIP-induced smooth muscile relaxatlon.,f

/ VIP has been Droposed 3sa p0351blet£2dlator 1n fion-

"' . ' i ,r" ’H,P‘\.r,

adrenarglc—qonchollnerglc relaxatlon (62) and as a oossrblei“ﬁ
- ‘\%

fog el LT,
R

regulator of receotlve relaxation ln ﬁhe\human gallbladder.,

i

Findlngs 1n,this study squest nonadrenergapinonchol1nerg1c e 3g

- & % ~t, x ‘,.;}
1nh1b1tion does not oggur in the humahfgall"adder and "
R . @ 7. .
) furthermoge VIP does not have a relaxanfweffect The prlmary'détk .
Y - R :

functlonﬁbf the'. VIP in human gallbladder nerve endings W105)

: may be the regulatlon of" gallbladder secretlonc

D

Substance P L ‘;.' ‘> | '@'/N‘A

g

This is the'firSt‘report of the in-vitro efféCtS'Of
_ ) - 4 —_— T

substance P on gallbladder motility @pere5it caused.

R .
s ' 4

y -

o

. ~ - - %
“concentration—related contractile resnonses, of. the aqents

. .

studled substance P had the slowest onset of actlon %ﬁklng
B YB- . 3 .
more than one mlnute to cause co&tractlle resoonses. -®

“

Unlike the 1ntest1ne, where the contractlle effect of
substance P.is partly,antagonlr""by rOane, the effect

in the gallbladder was unaffected bv atroofhe hlstamlne
. 'w
receotor anragonlsts, indomethacin or, the snlertlve S

. ’ ' “« ’
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ch lecystokinin antagonlst dbGMP. This suggests that

" ) .substance P acts on sneciflc receptors:- Lee (198) has

’ 4 -A-
I

reported multiple substance p receptor types. Tt. is

reasonable to Dostulate a role for substance P in the regulatlon

.of blllary motlllty as. recently Cal and Gabella (23) hav%t AQ‘

--u - reported substance P 1n nerve endlngs in the wall of the gulnea
01g gallbladder. In this stqﬁy, however the maximal

— N , substance P—produced dontractlle reSanses were. less than

N
¢
_*i?l_ ”'20% of those Droduced bv chole*ystbkin}n;qcfaoeptlde whlch
Ty : N Ve § . N . .
suggests that it_iswgot an impori ’nlator/of gallbladder '
o 2! y

= o s R

: . RS ‘ I _ N 20
'.contractlon. LR :M 0 ,/ . ' R R~ A

lee vad@%ctrve intestlnalapolyoeptlde substance P

- -

L has beenﬁﬂdenﬁlfled in tﬁe gallbladder wall netve endlngs A 3
S . ’S:' &, LIy S 6{, ,t
’ but its role if any yp the regulatlon of gallb;adder 2 ’

cn
.,

-
r—
v - -
Loy

motllltywremalnS's@ecu}at;ve. ISP m‘“' T :L‘?;
e ‘&Secretin-and,other Hormones ' ,,'iw, ": R -
- ¥ - ‘ k " Orted tovinfluehce
" were found to have
h ‘no effecﬁ on restlng or cholecystokinln—lnduced tensiOn in 'd .

.- . W "y
3 . , ? P a

“ gallbladder strlps._f

Early reports of secretin—lnduced contractlle responses ’ .

in Vltro (91) are believed to havenbeen-caused by

. R i —u .
™ o cholecystoklnln contamlnatlon of the secretln preparatlon-

— : .
»

“ g Indeed in the éarly exnerlments in this study the secretln

I . - N
B . y &

preparatlon used”caused contractile responses which were - o
found to be due to cholecystokinin contamination. Some

in-vivo studies have shownhan increase in gallbladder

4
&

e b
»
&
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< Haw : -
%" pressure (98) & .d augmentation of chol, cystoklnln-lnduced

®

pressure (10 while others~haveﬁff%'” a relaxant s

veffect 5n,g ' oladder pressure'& v It is possible

that the -in vivo flndlngs were due\tg/gndirect effects as
) DGt
‘Jls suggested by the lack of effect of secretln in thlS study.
_The lack of effect of glucagon on gallbladder Strlps

in thlS study 1s "in. agreement w1th reports from previouSJ

in-vitro studles in human (91) and gu1nea plg gallbladder.

d

"« This suggests\that the reports of gallbladder relaxatlon

LAy

C in-vivo (109), with ‘pharmacologjcal dpseéya&asdan indirect

effect

-Q o In’ thlS study motilin® had no effect on gallbladder _;

oy

StrlpS“Mthh confr@ms reports ' from previous studles (ll7)

Adrlan«(llG) in in-viwo studles reported that motllln was

0, "j
*

53
almost equlpotent w1th cholecystoklnln in cau51ng

gallbladder contraction.” Itoh et al (36) have Ehown that
L

1n the fastlng state, the gallbladder contracts in synchrony
~

w1th the mlgratlng myoelectrlc complex Wthh has been shown

By
to‘be, at least partly, regulated by motllln (115) . This

r

suggests“that the gallbladder response to motllln is

4 e

secondary to the mlgratlng myoelectrlc complex and is
, lndlrect ‘ e A ' |
. Motilin may regulate gallbladder_motility in‘the
interdigestive periodlby an indirect effect. |
This in the first in-vitro study of the effect of
bombesin on the human gallbladder and it shows that it has -

o ) e

f
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"ho direct effect on gailbladder motility. This is in Keeping
with the in—uivo studies (122) which suggested that its
. effects on the biliary systen were -secondary to the releasgy
of, cholecystoklnln by infused bombesin. ; S o

In—VlVO studies have shown somatostatin. to 1nh1b1t the

I ~

gallbladder s contractlle response to Vagal stimulation . “ s
(118) but 1n§§hls study somatostatln did not inhibit

rcstlng or fholecystoklnln—lnduced ten51on. This suggests
pr .

that the lnhlbltory effect may be indirect. ;

There have been no prev1ous reports of the effects:

a”ofdﬁ,ﬂrdtens1n or vasopresin on gaf%bladderwmotlllty and
‘,NJJ _-(’;. . -
1n % 39" study these agents were found not to affect
‘% @ 5}-',_ - . Qa .

W, . pY - o

-gallbladder strlps... 'Aw

Recently Cox et al (199)reported that, o '

fastlng human serum, the prlnclpal cholecystoklnetlc effect.

is due, not to cholecystokrnln, but ~to small peptldes

’

that act on receptors other than choibcystoklnln receptors. :
As‘the@@astrlns probably act on the cholecystokinin receptors,
only one such peptide wagyldentlfled in the present study,'k
i.e. substarice P. 1In'view of ﬁhe multlple‘substance P i

-

receptor subtypés (M98) the present flndungs are.

’

i

consistent with those df ‘Cox et al (199).
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hypertrophy."
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CCONCLUSIONS

Acalculous cholecystltls and cholesterol gallstone.
disease dre probably closelyhgelated dlseases with a multi-
factoflal etlology, cystic duct resistance to bile flow
is probably-a common etiological factor.- |

It has been suggested that gallbladder sen51t1vﬁty tow
cholecystoklnln is altered in calculous anduacalculous chole-

cystltls but this is found not to be sO fn thl: study.” The.‘

47 S
1ncreased contractll% y reported ln lﬂ—VlVO studies 1n oatlents e

A ;
o Wlth gallstone dlsease is pro abiy secondaf& to the muscle

4
-

f%é Vasoactive‘intestinagf“ lypeptlde 1s not as potent

3 ) :}\ A

a gallbladder relaxant as nas formerlyggﬁﬁﬂeved ‘ Anart from
&_\‘ . - a

‘ wolecvstoklnin and gastrln substance P is the ohly GI hormone which

has a dlrect effect on gallbladder mo:: 1llty where 1t causes a -

concentratlon-related contractlle response. As substance P has_~
béen reported in nerve—endlngs in the gallbladder this may
represent a functlon for thrs hormoneﬁln gallbladder motlllty

Gallbladder sen51t1V1ty z&ﬁhlstamlne ts altered in | |
Cholecystftls, 1ncréa51ng w1th’1ncreas1ng degrees of
1nflammatlon in: the gallbladder. ‘

Adrenerglc nerve stlmulatlon causes relaxatlon of gallbladder
whlch 1svned1ated by By<a energrclreceptors.,iwhe human gall- :
bladder co;taihs only a/yery small pggllatlon of a- adrenerglc'
receptorc which medlate contractlon ‘,// | |

In this study n@n—adrenerglc, non—chollnerglc lnhlbltlon

was not. demonstrated in human gallbladder. Y
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