
 

 

http://researchspace.auckland.ac.nz
 

ResearchSpace@Auckland 
 

Copyright Statement 
 
The digital copy of this thesis is protected by the Copyright Act 1994 (New 
Zealand).  
 
This thesis may be consulted by you, provided you comply with the 
provisions of the Act and the following conditions of use: 
 

• Any use you make of these documents or images must be for 
research or private study purposes only, and you may not make 
them available to any other person. 

• Authors control the copyright of their thesis. You will recognise the 
author's right to be identified as the author of this thesis, and due 
acknowledgement will be made to the author where appropriate. 

• You will obtain the author's permission before publishing any 
material from their thesis. 

 
To request permissions please use the Feedback form on our webpage. 
http://researchspace.auckland.ac.nz/feedback
 

General copyright and disclaimer 
 
In addition to the above conditions, authors give their consent for the 
digital copy of their work to be used subject to the conditions specified on 
the Library Thesis Consent Form. 

http://researchspace.auckland.ac.nz/
http://researchspace.auckland.ac.nz/feedback


GALLBLADDER EPITHELIUt'l

IN EXPERII'IENTAL CHOLELITH IAS IS

of

I agree to thls thesls belng consuilted and/or

A t-hesis
sqbrnitted in partiat fulfiLmalt
the reguireme-nts for the degree

DOCTO-R OF qEXLOSODHY

in the
DEPANTI4EN.r OT' MEDICINE
UNTI'ERSITV OT' AUffiLAND

by
SUM PING TJEE.

L977

or

photocopled for the purpose
acknouled!ilEnt ls mda wherc
before any rnaterf al ls

I

I

I

,t'

',! j

Slgned. ..



TABLE OF CONTENTS

CfnHIm, CD{E : I}TIRCD{JCTION

the Gallstone hcblem in l4an . . ... . ... o. .. -.. -. . -

Fview of ttre lilteratr:re on E<Snrirrental Cholelittriasis

EiStOry .......... .....r...................o.

lGthods of prodr:cing gallstores ard patlnphysioloqlt
of stone fonnation in arrimal IIDdels .. .. .. . -...

tre Ideal Anintal D'lcdel ..... . .. o . . -. - o..

I'b&l I - Dihydrocholesterol-indrced gallstores
in rabbits o. .. ..... -.

lbdel 2 - Cholestepl and ctrolic-acid irduced
storEs innicg ....o..................r...

lbdel 3 - Linccrqrcin-indrred gallstones in grinea
pigs. ...............

The C'allb1adder in D<perinental CtroleHthiasis . ... .. .... .. .

(1) e"ailbladder epittelial injurlt r.... .......o....

(21 l4rcrrs prodtntion r . -.. . . -... .. o......

(3) Resorptirre fi.rrction of ltater ard electrolytes
of the gallbla.dder epitheliun .

ScCgn Of thgSiS . ...... .. .... .. ... ............ ... . .. o.. .. ..

11

2L

I

u
u

22

27

29

30

34

38

40

47

ClRgIB, T!0 : CTALTBIADDER PITIIH,TAL I}LIURY IN E(PffiIMENBL

Cbjectof D<perirrent....... .......... ..o.. ......50

l{atgfia]-q and !€thods ... .... .... .. .... .. . ..... o. ....... . ....... 50

(a) Animal libdels, Sanp]e Oollection ard neparation -..... 50

(U Djlrydrocholestercl-fed ratbits ........ -.---...... 50

(2) ChpLestercl-ctplic acid-fed rnice ............. .. .. 52

(3) Linorqitci:rtrreated guirea pigs ......-.- -..-... ... 52

b) Histolog:ic !€tlrcds and Glossary of Histologic lErms .. - 53



(c) Iurbradiography '. r. "... rr. '.i.... '. 'i 'r.r........ 56

Rgsults ....'... r r. ' " r r r... 'e.. r..t '......r........... 58

(1) Dihydreholesterol-fed rabbits ... .. ,. ,.. . , r .. .. .. . 58

(21 Cholesterol-cholic aci.d-fed rni€ .... .. .. .... ...... 6I

(3) Lirncmlzcirbceated $dnea pigs ..r............ o.... 65

Discussiol ...... .. ........... 68

CTtrAPTER IHRffi : IUOJS PRCDUCITCD{ OF C'AIiIBIADDER PITfIH,IIM
IN D(PRTMENIAL CHOLELITTIISSIS

PART 1 : MUCLTS IilSIOCHE{ISTRY

Cbjectof speriJlent ............ ..... ............

l4aterials andl.4etiods ....o o.......
(a) Anfural lbdels, Senple bllection ard P:eparaticrll ..

(1) Dihyd:octrolestercl-fed rabbits ...... o........
(2) Clroleste:pl-cholic acid-fed mie . .. .....
(3) Linonycin-treated grrirrea pigs . .... .... .

(b) Ilistologlc ard lli.stoctstuical l,bthods . . . . . .. . . r . . o .

Fsu1ts ..........
(1) Dihydrehol.estercl-fed rabbits ...........o........
(21 Cholesbrpl-ctrllc acid-fed rnice . ,..... .... .... ...
(3) Lirnonycir,-bceated gdnea pigs . .....

Discussion

PART II : ITIE T'OPGRAPIfiC AI\D SUBCELLUIAR IILTRASTRT,CIT,RE

Cbject of Sqnrirrent . . . . . . . . o . .. .. .. .. . . . . ..,. . . . . .. .. . . .. .

Itfaterials andl€thods ..... .......t.....
(a) erdnal l'lodels, Sarple O]-lection and Prep::ation ..

75

75

75

75

75

75

76

76

77

78

79

80

82

82

82



(1) Dihydrtclrolesteol-fed rabbits .. o o .. .. .. .. .. .. .

(21 Cholestercl-cholic acid-fed nice .... .... .......

(3) Linccnrl'cin-tJ€ated guinea pigs .... .......... ...

Scanning Electrcn l{ictosoopy .............r.....

Dlansnission
lbrphcnetrl

Elecbron MicrcsccEry' and lnrcus

Fsults ..... '......... o............. o.... 84

(1) Uitrydrocfrolester.ol-fed nbbits . ' . .. .. .. .

(2') Ctrolesterol-ctrolic acid-fed mice . .. .. .. .. .. .. .. 87

(3) Linccmlain-treated gtdxea pigs . ......'.....e... 88

DiscwsiOn ..... o.... .... o..o.. o........ o....... 89

PART III : TTIE CHMfiCAL SIFI'CAT'RE OF BIITARY CJY@PRCIIEINS

82

g2

82

83

83

(b)

(c)

Ocject.of D<Serinent ....... .......... .....

llhtgfials al-xl lGtftods ............... ...................

(a) ArLimaI ltbdels, Serrple OlLectiion and Ptepa::ation ....

(1) Dihydrccholesterpl-fed rabbits ....... .... '
(21 Cholesterol-dtollc acid-fed mie . .. ..... - .

(3) LinocnqrciFtreated guinea pigs ...... o..........

(b) Biochgrdcal l,bthods .. . o . . r . . o .., . .. .. . . .. . . . . . r. . . .

Analysis of norpsacctrarides by gas-liquid
dtrqnabography ...o. .................

(i) Pressirg of saqfles .................--.-
(ii) Separation of soh"rlcle glyooprotein fiacticn . ... -

(iii) Carlonyarate determirntlon .o-.. ----.-

FSUIIS .. r..'..... o... r... '.......... o.......................

(1) oitrydrocjholestenol-fed rabits ....'............. -..

(21 ClplesErol-ctrolic acid-fed nice . o.. .. .. -. .. -.. -.. '.
(3) LinOffltCiff-tJ€abd ggineA pigs ............ .o........

94

9s

95

95

96

97

97

97

97

98

99

99

99

100

102



DiscuSsiort r r r.r. rr r.o r. rr.... r. r..r r............... o......... I02

CXilPIER FUUR :
.VATM, A}iD ELECIROLYfE IRA}EPORr ACROSS TTTE

rqsrs

Cbject of E*perirrent .. . o . . . . .. .. . . .. .. . o .. .. . .. ... . . .. .. .. .. .. 107

Materialsardrbthods ..... .......... t08

(a) Anjrnals l4cdels ard sarple Oolleshion ......o...'...... 108

(I) DihydroctroLestslol-fed rabbits .. .......-.-. 108

(2) Linccnrltci:rtreated guinea pigs . .. .. . . .. .. - 108

b) llhe In vitrc C'allbladder hparation .... .. . o...... .. 109

Preliminary S<perinent-S and Iheif Restrlt.s ...r................ 110

Fbsults..... ...'........... .........o............... 113

(f) Dihydrccholester:ol-fed rabbits .. ... 113

(2) LincTDtcirFtneated $dnea pigs .. . ....... .....- o. .... - 114

Discrrssion ... ... o....... .. .. .. .... .. ... .. . .... ... r.. ...... .. . 115

CIAEIIER FIVE : COIEIUSIOI{

EPIIffUE I : BEIVIDCT TIIE PffiTffi SIEVE AT,ID THE CACKT.]}G
.... 123

EPIIffi.]EII : AGLIMPSEATMAN .......... ...--e.. L24

llatefials and l4bttnds . . .. . .. .. ... o .. . o .. o. .. .. .. .. .. .. .. .. ..

Sarple Oollection ard Prelnration

u5

L25

Analysis of lltrncsaccharides in Soluble Gly@ploteins . .. .. U7

lhss ffectcnretqr . .. o . o .. .. . . r . .. .. .. .. .. . . .. .... .. r. . . .. . L27

Ctrgrulcal Arnlysis of Gallstores .......o'. o.............. . L28



reS11}t5 | r..r e....lr r r., ?r., a r..., r. r.,. e,. t...o............ 128

DiscussicD . r....t.. o. t t t. r.. r t t t. r"e ' r tr .o t"' t" t " e"t ' 130

APPESIDD( TO CIilEER fl0 : PGSIBTE MM{ANISM FOR TTTE INDUCTTOI{

..... t. .. .. t.. o.. a.. a.4 a............. a..a a a " " 165REF'ERE!ffi

****



ACKNOWLEDGEMENT

It is a pleasure to thank thorie who have taught and
helped me in the process of completing this vrork.

I thank Dr Alister Scott and Professor John Scott,
my supervisors, for their guidance, criticism and

encouragement. Mrs Tiok Lim, MSc, disciplined me

in biochemical methods. Mr Vernon Jansen and Mr

Anthony Mekkelholt of the Department of Animal
Research, taught me the skill in handling laboratory
animals, and helped as anaesthetists and surgical
assistants in many animal operations.

The following is entirely the work of others :

histological preparation (Miss Robj-n Rastrick) ,
mass spectometry of monosaccharides (Or Stanley
Willox), haematological and coaguLation tests
(C1inical Haematology laboratories, Auckland
Hospital), and electron microscopy (Departrnent of
Experimental Pathology). The cell proliferation
studies in the rabbit and guinea pig were performed
by Dr Alister Scott. Some of the photomicrographs
in this thesis were also taken by him. Miss Dale
Stevenson did the typing in a most cheerful,
skilful and meticulous way.

I wish also to thank the Medical Research Council
of Ne$r Zealand for a Training Research Fellowship
award, from which this study has been financed.

Tttis work is dedicated to my wife, Mary.



2.

ABSTRACT

I. Ttre behaviour of the gallbladder epithelium in

three models of experimental cholelithiasis has

been studied. The models are : (a) rabbits

when fed a lithogenic diet containing 0.758

dihydrocholesterol for 7 days (b) mice when

fed a lithogenic diet containing 1t cholesterol

and 0,58 cholic acid for 42 days, and (c)

guinea pigs when given subcutaneous injections of

Lincomycin (60 mg,/kg) for 7 daYs.

The morphological changes in the gallbladder

epithelium during gallstone formation have been

studied with light microscopy and autoradiography.

In aII three models, there was a marked increase

in cell proliferation early in the lithogenic

process before stones were formed. Epithelial

dysplasia rntas conmon. In the mouse and guinea

pig, these cellu1ar proliferative and dyspLastic

changes progressed to metaplasia with new gland

formation.

3, lltre quantitative and qualitative Presence of mucus

(glycoproteins) in the gallbladder epithelium has

been studied by glycoprotein histochemistry of

I
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microscopic sections, by scanning and transmissj.on

electron microscopy, and by chemical extraction

and analysis of the monosaccharide radicles of

the soluble glycoproteins. In all three models'

a progressive increase in histochemical staining

reaction in the epithelial cells was observed

and commenced at a time before stones were formed.

Results of the electron microscopic studies

supported the histochemical study and in addition,

demonstrated the presence of increased amounts of

mucus droplets in the subapical zones of

gallbladder epitheliaL cells. Extraction and

chemical analysis of the soluble glycoproteins

showed a quantitative increase in the glycoprotein

content of the gallbladder, starting before stones

were formed and persisted to when stones had

formed. Both the histochemical and the chemical

studies failed to demonstrate a qualitative

difference in the mucus produced at different

stages.

Fluid transport across the gallbladder mucosa

has been quantitated by an in vitro preparation

(Diamond L964) in the rabbit and the guinea

pig models. In both modelsr there was an



lncrease in the rate of fluid transport

detectable before stones were formed, and

returned to normal values when stones were

formed and after the lithogenic treatmenL was

stopped.




