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JAéSTnACT -

| Cholesterol cholelithiasis {one of the most common '1 o

- surgical il];iesses of. Western industrialized countries To date the |
etiology of the illness 1s unknown and cholecystettomy is the only :
accepted form of therapy Recent reports of the ,Successful diss- -
olution of gallostones by oral administration of chenodeoxycholic ;
acid a bile acid hint at a poss‘ible alternative to operation.,.A_,:lf’:v’;.;5-:
1968 Admirand and Small showed that normal bi le can be separated .4
from lithogenic ’or stone forming bile on the basis of supersaturation":i:
with cholesterol} Solubility’\ of choﬁsterol in bile depénds On the :
production of micelles through the detergentvlike action of phospho-
lipids and bile acids, a phenomenon critically. related to their S

relative concentrations Precipitation of cholesterol frOm super-g’ i

saturated bile results in the formation of gallstones. If litho- oo

genic bile is produced indefinitely.(medical treatment will have to
be li felong to prevent recurrence, and cholecystectonw becomes an

o .
attractive a]&ernative qgspecia.lly for a young patient.

"-}f} //> Bile. analysis for phospholipids, bile ac'"s and: chiolesters

‘ was carried out on patients with normal biliary tracts gal_lston




li;hogenic b11e persisted 1ndefin1te1y 1n patientg\!ho had chole-
) *cystectomies for chole]ithiasis.e The present medfca] therapy for
T:Thcholelithiasis will therefore reduire continuous 11felong administ-:‘
d-j‘ration 1f cholecystectomy is to be u]timate]y avoided U

By comparing groups 1t became obvious thatlthe presence ‘

""Or absence of the gallb]adder had no significant 1nf1uence on bile

‘dfngcomposition Patients who have norma] b111ary tracts or who have

n7-had cholecystectomies for acaTcuTous disease have normal biTe..Q:A;ft
| ﬂiSubJects with gaTTstones or who have had choTecystectomies fbr |
:e-;rgaTTstones have Ti;hogenic bf]e The gallbladder therefore plays

'l}no roTe in the formation of Tithogenic bile.i: ,jjé i;;i“u'tf-7r"vwz
. . ;1 A review of the Titerature suggests that 1t 1s dietary
’f'hsfactors wh1ch produce 11thogen1c bfle Lack of dietary fibre in
fffd]industriaTized nations affects the enterohepatic circulation of bfle
:iff!salts by increasing their recycling rate and preventing their{ 'i;;
T;d;}excretion The end resuTt 1s a ﬁdgh incidence of 11thogen1c bile .

4\.

g {'in 1ndustr1a11zed nations, and a rarity of choTesterolygaTTsto”u _T7;j

‘fie.in rura] countries..*

:a;': ti}Tff Sy
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.INTRO_DUCTI.ON l o

The etlolog1ca1 role of the ga]]bladder 1n the pﬂ_duction
.:.of cholesterol 9a1lstones has been specu1ated about since théir ;5;7fl
| d1scovery ' S1nce 1t has been shown that precipitation of cholesterol

‘ from b11e Tacklng 1n phosphol1p1ds and b11e salts produces ga]]- :
‘! 1stones, research has focused on 1;z1ating those factors which . -
| r:produce a- 11thogen1c b1le. Now that 1t is known that orally vf;fj;;gi
‘f_adm1n1stered b11e sa]ts result 1n the dissoTut1on of cho]estero] &
-jlga11stones; 1t becomes 1mportant tb know how long a lithogenic |
;51b11e 1s produced Through a study of b11e compos1tion before ;ﬂ*f}hh»
”':Tand after cho]ecystectomy the poss1b1e etio]ogic ro]e of the ga11-~ .
,b1adder can be e]uc1da¢ed Furthermore, know1edge of how long

11thogen1c b11e is Secreted w111 a]low 1ntelligent se]ection ;

1between current med1ca1 therapy and surgery

' ;‘--,;};=';> R T ;ssuuxﬁ*; *1N1~?5:a51~fié“':?n e
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is 10% of males and 20% of females

,»same 1hc1dence as Caucﬂsxans

5[1ca1c1um b111rub1nate sbones comprised about 70 80% of the tbtal

iVagallstones has risen so that only 30 - 40% of stones are the pigment ’

LITERATURE REVIEW

- o . . -, X . .

Introduct1on f”" S '. s "' B

Extrapolat1ng the statlst1cs reported fn\the Framihgham fv;;_v;'

‘ study to Canada 1nd1cates approx1mate1y 1 2 mi]]ion women and

s'400 000 men. have'gallstones ] The 1nc1dence of-. the 55 = 64 age group..,‘

2 In the United States, surgery

| 1s performed eventua]ly in about ha]f of the 800 000 new cases of ':f o
3r choﬂelith1as1s each year ' 5 000 to 8 000 people die‘from gallstone 'Jov7
’ 'disease year]y. and the cost of mdrbid1ty approaches 1. b1111on

| do]lars annually 3 o f".;: ‘ ;L.n*} ;*.}v/.:‘{-ntra;_; ;.;ff. R
e : A {
} T A f e ‘7;.;/K_._’ o
-—————-‘—Preva]ence - ' CT L e T e '.’r,-."-,'??; L

¥
o

world wide preva]ence figures 1nd1cate that choyesterol }5"-"'

s;Cho]e]ithias1s 1s a d1séase of industria]ized nations Pure or mixedgiiid
: cholesterol stones (70% or. greater by weight) accouﬂt fD" 85% °f
,ﬁ'North American ga]]stones 4 P1gment stones are the commonest :“:{‘ :
vf variety 1n rural Asia and Afsaca The Masa1 tribe of Africa does fﬂ:fi

’;'not have gallstones 6 Transplanted Africans and Astans have the

1 In Japan prior to Norld Nar II

'”Since the "Americanization“,of Japan the 1nc1dence of cho1ester01

P 4

&
3
ALY
9



"_whether the. stones be "p1gment“ or "cholesterol N

S

7

wariety Ca1c1um b111rub1nate stones are. found main]y if 1

.'Japan wh11e cholesterol choTeT1th1as1s appears to b a diseas vof

8

cities. The North Amer1can Indian seems to be an exception to _.'

this trend 1n ‘that a high prevalence of cho]elith1as1s has been

9

ufound in severa] trlbes ’ ]0 'However, as a general ru1e, it can beAA\:

stated thatgchoiesterol cho]e11th1as1s is in somé way re]ated to

industrialization. - o - TN

. ® . LR v.'
7 S . . :

Ga]lstone Compos1t1on :

»

o The traditional c]assificat1on of ga]Tstones was 1ntroduced
by Aschoff°1n ]924 and has pers1sted to date.’ Stbnes are inf]amm- T
atory, metabo]ic (pure p gment‘ calcium b1]1rub11ate, or pjré'é\b1e- lff;;;;d

'sterOT) comb1nat1on (prlmary metabo]1c p]us secondary 1nf1 atory)
-.or stasis (pr1mary in coumon duct - earthy) Such a class1ficat1on . o
13 now regarded & erroneous Most ca]cul1 ‘are qua11tat1ve1y i'h: : ZQTbb-'

';simi]ar S0 any classTf1cat1on wh1ch re]ates composieion to etio]ogy

11s somewhat unJust1f1ed ]2

The main consti}uents of galTstones are e
fQCh°]eSter°1 monohydrate, Calc1um b111rub1nate and calcium carbonate, 1ﬂ}
12, 13 Other e
‘ esubstances 1nc]ude~b11e saJts, fatty acids, phosphor's, iron, copper,';ﬁ

5 and manganese‘- Uncon}ugated bilirubin has been found:"a
| 14

;”of stones Prote1n is also a component of gallstones, P rticularly ;Jf'"

]5, H1stochem1ca1 studies have shown the nucleus or

ffthe centres
. T :
.':nidus to be. a focaT co]lection of mucopolysaccharide.‘ Cholesterol

. crysta]s are arranged ona framework of mucopolysacCha”de Vad"tf"g ;f:*)jf’f



. _ _ ¥ o
from the nidus -in ahconcentric manner.!G\ It is felt that mucopoly- :'

- saccharides;;re important in" the formition of gallstones.7’ 7

. Theories of Origin e

It. hasklong been’ held that 1nflammation and infection are.:
responsible for the formation of gallstones, and explanations as to o
evhow infectious agents reach the gallbladder are, old and nbmerous 18 .i!

. Naunyn in 1892 proposed that mixed stones arose as a pultaceous mass
ilater 1nvaded by cholesterol Inﬁection may play some role in the fA
"gformation of stonos either as a primary cause with clumps of dead
'.'fbacteria acting as a nucleus oh nidus, or as a secondﬁry factor 19 g

‘ More recently, papillitis, ascending 1nfection and Ascaris infest-

) ;P;(.'§*g;}h:elg‘f.. ”

! .ation have been suggested as causes for the calcium bilirubinate j

“stone ip Japan 8 B glucuroanase from bacteria deconaugates f
Qﬁgbilirubin 1n bile and allows 1t to form an insoluble preeipitate
jjfwith calcium Virtually all patients with calcium bilirubinate 5

l‘stones in Japan have been infected with B glucuronidase producing
E. coli Inflammation from any cause. may result in the formation -°'° B
.'of gallstones The inflamed gallbladder selectively absorbs bile

*

.fesalts and allows cholesterol to precipitate, bile salts being

’necessary to maintain cholesterol in solution 20’ 21 22 | ;;f75f;;;;;f555

| | ; The nucleatigg theory was introduced by Boysen in 1900 Uk_yf S

"fEY% that tiny pignent ca]c"“ f°'m 1" 1"t"ahepatic canaliculi as a* ?ifftf? i

l,res“]t of liver disease and M1grate to the gallbladder where e T
S \‘:J_ .

. N C o n . e P . S . et
R - E B : - . B . oI .
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N\

}is added That bacteria may act as a nucleus has R "ﬁ

already been'mentioned 19 Mucus plugs, foreign bodies such as
/
- suture material epithelial debris or ev\: parasites may acmfas

nucléi 3.

v

In l757 Coe introduced the concept of sta51s as an. etiologic

’factor in gallstone formation Gallstone formation can be experim-
]7entally induced in dogs by incomplete stricture of the common bile

'duct Prolohged stagnation allows cholesterol to precipitate from
24

bile Biliarf‘sta31s has been shown to reduce the output of\bil -l.f";

a01ds and lecithin after a short period of - time, both of whic Hare

2 Gallbladder stasis has

necessary for cholesterol solubilization
' been demonstrated during the normal progestational phase of the
.; menstrual cycle, and post—prandial evacuation is. delayed after the ,1_rfiv:fw
g fourth month of pregnancy Regular emptying of the gallbladder

v»"using cholecystokgnin in rabbits on a lithogenic diet does not .l;i::°.‘“' d
': prevent the formationjﬂf gallstOnes.?s_'jf}*-"_fa_r;;‘ | ,.. ﬂ_A;'.

' Abnonhal proteins have been implicated as an etiologic \\

‘i.,factor A rathQr complicated 1mmunocgfmical study has demonstrated

. 51xteen total biliary proteins and four bile specific proteins.r;,-flfﬁﬁl

‘2 }Evidence was also obtained for either or both a missing or. abnormal _

:-r'protein in the gallbladder bile of 9 llstoﬁe patients.?7;aThel955’"n'{ﬂ_:lj_'
- absence of a. stabilizing lipoprotein has also been investigated 28 ,,.r)[ﬁfrl;

The endocrine effects of pregnancy and female sex have been.y,,a,- v

| T_reiaaed to. cholelithiasis Jna That estrogen tends to m‘ke b“ﬁ



.:‘.

11thogen1c and affects bile fiow rates has been demonstrated in

the primate 30

Obesity has also been re]ated to cho]eiithiasisi] 29

Ca]oric 1ntake is higher in people w1th gailstones, protein, carbo-
hydrate and 1ipid comp051tion of the diet is identicai to contro]s
working time: 1s ]ower and re st time s significantiy higher in women ft e
.‘f withvcholelithiasis B]iiary cho]esteroi 1ncreases when caioric
."”intake is raised 31 An 1ncreased hour]y output of choiesterol

t-occurs in a percentage of ga]]stone patients and this is related to .d"i:f

,obeSity o . 5 “:”“fa;f ERRE ,r:.t |
Diet may inf]dence the production of gal]stones,} Increasingtffiia}fie

~,dai1y protein consumption 1ncreases the amount of choiestero] i dvi

.produced Trigiyceride and carbohydrate feeding have no effect on: .rrifgn;:t
:fljbile salt or cholesteroi production. whiie feeding cholestero] | ."
| 'increases bile sait synthesis A high 1evei of dietary Cho]eSterol_iifﬁe'T#

33

has’ been shown to render biie ]ithogenic The abiiity to produce f}tbAhtf_f

J_igallstones 1n hamsters by dietary manipulation has been investigated'i:fﬁf'.‘h

35 S

'-and confirmed 34’ Protection from the iithogenic diet is 'f(jf_-if :3Q

:’:obtained by e add'ti°" of p‘a"t f‘b'¢-3§ It s suggested by fféfff7iﬂeifgf[

“'jgeOgraphic studies on the incidence of cholelithiasis that lack of

f'dietary fibre may p]ay an important role in the genesis of cholest- df;ﬁfjvr'j

t"eroF Qa]istonesJ37 .'bY,ﬁ?_,_‘"{tl“;T*”,fff;_‘ﬂ'fiﬁf

Mucus may weil piay an important roie 1n the pathogenesis of'e;¢§5“57ai

r»:gaiistones Pathoiogical human bi]e contains more hexosamine and

38 *i;LQSEij b

.[ﬁis;more viscous than normai galibladder bile. T It has been



suggested that entrapment of cholestero1 rysta]s by gdﬂ]b]adder
: A?mucus a]lows stone formatién to. proceed b§ preventing the normal
h flush1ng actxon of ga11b1adder contract1on from removing them 26 An"h5~:f"
1ncreased secretion of mucus pvécedes the format1on of ga]1stones 1n Q; |
;}rabbits be1ng fed dihydroxycho]esteroT This secret1on is prevented:;hsfda
‘_;1f patholpgical bi1e 1s not alJowed to enter the gal]bladder.39 A
| prosthes1s of mucus 15 probably essentiaJ for the formation of }
A_::ga11stones Entrapment of cholesterol by mucus. and crysta1 growth ;fvad
1p mucus gels has been demonstrated in Syrian hamsters 40 ' 1 dh
| -4 | Cho]estero] supersaturation of bile 1s the most accepted
"i'theory of ga]lstone origin and wi]l be reviewed in detai]. 1,t1¢fff o

: The Physicochem1ca] Bas1s of Ga]]stone Format1on j?}ﬂéhraﬂv'{”c’f

It has 10"9 been kn:f7 that b11e salts have thgbpower to fg;ff'“‘f’

:::{dissolve cho1estero1 1n aqueous so]utions, however 11tt1e research o
-j_lhad been done on. th1s prior to the 1930 s.?o In fact thg 1dea that 71}517?11
f3icholesterol prec1p1tation 1n the galleadder nesu]ts from the liver ffﬁt;ﬁxg;

;;»:secret1ng a paucity of bile acids and phosphatides 1s not new”?h:,ffi':fl""

'ffJEarly work 1nd1cated lec1th1n. a phospholipfd. was a mfnor constit *je

f.;;uent of bi]e The discovery that lectfhin was pngsent 1n rela vely*a.y

ff;‘h1gh concentrations promoted much further 1nvest19at10n fnto the’

i,gfthe ratio of b11e salts p]us 1ecithin td’ch@lesterol wf”*

,44

f-f'norma Bi]e salt-lecithin mixtures were found tn,v{ .



'to-have great dissoiving powers for choiesteroi,_and this verified
- that 1ecithin, in. combination w1th bi]e sa]ts. is. indispensab]e for i
'fsoiubiiizing/cho]esteroi in biie 45 :;’ f-ﬁ fi‘»]{ "ﬂjf“fj; ‘_rﬂ*:; ﬁii:;jfff
o Detaiied 1nvestigations of the biie sait—]ecithin choiest-.ve;;}rjfiif
‘heroi-water system re compieted in the mid 1960 s Initiaiiy the - o
i \ternary system, thin biie sait-water, Was studied using X ray |
.n-diffraction and microscopic techniques on mixtures of these substan-;‘ o fi
fhjcei. Information about the physical stateoof biie, its behaviour
'igand organization into ]unid crysta]s and miceiles on the basis of
:Hchanging concentrations was extrapolated from these studies.fﬁ o

;;_Simiiarly, a second ternary system. 1gcithin cho]esterol-water,mwas

7istudied Choiesteroi can be incorporated into the strusture of an’
_‘~aqueous iame]iar phase by aSSociation with lecithin, provided the
1;echoiesteroi lecithin ratio is iess than one to one. This occurs:agf

’f'a consequence of the side-to—side orientation of the paraffinic

-;idefined

Theﬁresuita t phases. isotrOpic_Aiceliar:solutio

,:fappropriately arranged hy rophobic and’hydrophyii

,}eation occurs dniy above a crit_a__;:jf;;aiAAJ



‘cnoolnt The stfucture of a m1celle 1s such that the hydrophyllc o

'port1ons of the c0mponent molecules are adJacent to water whlle?the ;j>"¥”f'

o hydrophob1c port1ons are hidden in the Centre of the aggregate

| Micelles can solub1l1ze non podar molecules by d1ssolv1ng them in

| their hydrocarbon centre.. Mixed micelles Onlcelles formed fro_'morejﬁ;”

"athan one component) are created through the aggregation of blle::;fi- :f_}f?]f

'_;salts and lec1th1n 1n water such that e/coln llke disc is for d,

* Bile-s salts form the edge, while a double layer of - lecithin moleculesf*j;,:'lj;

';tfforms the top and bottqu dlssolved cholesterol is 1nterd191tated

50, 51. 52? 53

‘.7_among the lecith1n molecules A prerequtsite for ;hnf;_'

‘,f;stone formatlon is oversaturatlon of b1le with cholesterol (1 e.,,f;’;;?1557<

Rlscholesterol concentratlon out51de the zone of mioellar solubiltz- af *jfj?;ii;

48. 49

ff‘:'atfon) R s e T i
A trfangular phase diagram for percentage concentrations of

djfcholesterol phospholipld and b1le salts was derlved from these

Iffflnd1ngs and a llnﬁ of maxlmum cholesterol solubilit;gdrawucﬁfﬁ-"‘

}:QA collect1on of patients w1th and without gallstones who had bile°




Many investigators 1n numerous countries have since Fon-“'i L
B firmed-this observation The geographic incidence of ga]]stones has f}

;-been accounted for 51nce ioW‘risk populations have less saturated o

- biles than high risk popu]ations Similariy animals such as the dog,,f}f'vfm”

'pig, hamster and Rhesus monkey, etc which do not spontaneously form|«'s*fff:f

i'gaiistones, have markediy unsaturated bi]es 3’ 5 55' 56 57 58

. A few 1nvestigators have recentiy disputed Smai] s line of ‘;]ﬁ;gfi'l
i_;maximum choiesterol soiubiiity dhd proposed new lihes which indicate‘f_}};hiff
Ca iesser abiiity of bile to so]ubilize choiester‘ol 1t seens eriy R

5§;that the area representing the difference between these 1inesf'sfa #f?évffif

quzone of supersaturation in a ?orm of deiayed equi]ibrium, termed
59, 60 61 '

f

»gimetastahility Aithough some studies faii to separate

62, 63

{rnormal from abnormai biies. the majority of investigators i
{{}adhere to thé qgiginai iine of choiestequ solubi1ity and find it
'Jiprovides good ciinqcal separation, which the_other soiubiiun
':do not L e SR H

L .
Possibie reasons fpr observed clinicai discrepanci‘

"L numerous., Time of‘samp]ing is important sinceffasting

The origin of Iithogenic bile appe

';;In fact. it has been proposed tha choleiithi

Ea



= the. hepatocyte These are the orimary bile acids. éheno_f

. %

Ty

' 7 To understand how bile becomes lithogenic, a review of

disease
bile salt metabolism and phySiology becomes necessary

':' Bile Acid Metabolism and PhySiology, the Enterohepatic CirLulation

Bile acids are syntheSized in the liver from cholesterol by..ﬁ-f;fh'f:

o N '
uand cholic acids which at phySiological pH in the biliary tree and

f@gut exist in the 1onized or salt form Various alterations of the

.; hydroxylase before the side chain is shortened by three carbon

;‘j

4

;}f;steroid nucleus occur during the synthesis of bile acids Initially
.milthe enzyme 7a-hydroxylase adds a hydroxy radicle. then the hydroxyl 3
ﬂ7tjgroup in the three position changes from a to B The 5 double bond | ,’

fﬂ';of the cholesterol molecule is reduced, and 1n the case of“cholic

acid a further hydroxy radicle is added through the action of lZa- fﬁiaweif7lf¥

71 72

atoms This additional hydroxylation step provides the basis
for separation of bile acids into dihydroxy ichenodeoxycholic) and

tri droxy (cholic) ac1ds..eeji;:5¢?'“




;

‘\iunder a negative feedback control at the level of 7a-hydroxy]ase. o ;L‘fp7" B

o T

:f New b11e acids are produced 1n response to Ioss from the system

,"(feces). whereas a suff1c1ent rate of return to the liver from the

JS. 76; 77

‘;enterohepat1c circu]ation shuts down synthesfs Normally

-IJZOO - 500 mg of new b11e ac1ds are produced per day to compensate

,j~for fecal loss Acute 1nterrupt10n of the enterohepatic circulation 3375'“ 5

;;jcauses SYnthe51s to 1ncrease to maximum rates after severa] hours,, ,.vfi-

72

‘;{approach1ng four to f1ve t1mes normal rates 1n the primate

aican compensate for a 16% interrupt1on._ Cho]ate synthesis can

: }1ncrease t° 2. 1 Qm per day ChEHOdeoxycho]ate to 1. 2 gm per day. for ?ﬂ}fﬁ's*- “

'“13 tota] °f 3 3 gm per day.” Under these conditions the. norma] chﬁiﬁte:a.i”“fftj;

f.to chenodeoxycho]ate rat1o changes from 1 2 to 3 2 78 There;is a_

n;icr1tdca1 and somewhat narrow range of return below whici;no fnhibit-u?f"f!ﬁ;qu;

: ?1on occurs, and above wh1ch no synthesis occurs 74

ininribitory 1evels ?re similar for-aIT hepatocytes. however. since

’},hepatocytes take up and secrete bi]e acids from the porta‘_radicles. ;f?fffzhhéz

;hthere wil} be a concentration gradient from the PortalﬁsyStem}to*the

Aeﬂcentral vein 1n any liver lobule. Onlylwhen there*is

..‘?1“.

It 1s 11ke1y that;ps_sl;e,:;




! In ad 1tton't9 these secondary bi]e ac1ds there are a 1arge number“
‘;tof other bacter1a1 breakdown products 1nc1uding 38 hydroxy -58- chol- i
anic, 3a-hydroxy-12 0x0- 56 cho]an1c, and 3B 12a1d1hydroxy 58-cho]-‘.lvf
.,anic ac1d wh1ch 8re«not,absorbed Deconjugation occurs main]y 1n y"gf;t"f |
'-h areas of stas1s, the term1na1 11eum and large bowel The un1que
-condition of 11eostomy pat:ents31nd1cates dehydroxylatton occurs 1n | 5
syfthe colon 51nce no. secondary bi]e ac1ds are found 1n these patients79°
:EInterestingly, the secondary b11e acid deoxycholate specifica]ly ;
i_*inh1b1ts synthes1s of chenodeoxycholic ac1d but not cholic acid 80
| | - Absorptwn oﬁ lbﬂe ac1ds occurs throughout most of the gut
ff;After trave]ling through the b111ary system and traversfng the f e Lf}';)
}tfduodenum, b11e enters the Jejunum where some absorption occurs Most?f:tht:‘”
-absorption occurs 1n the distal 11eum by an active trqnsoort system, -
f{fdihydroxy sa]ts be1ng absorbed less efficiently than tr1hydroxy

‘f[;Salts, taurine conjugates faster than glycine Passive absorption

';Lalso occurs, free acids the fastest, glyc1ne conJugates more n‘ﬂf}“

;:;slowly, and taurine conqugates hard]y at‘”ll Secondary bile“acids u';ffit;

ffat alI 52, 72 B1le acids are transported v1a the _ortal“ve1" to

"j.j:_]thq Hver bound to"a‘_]bume'-"“” '

f\excreted

8] 82, 83



-

: compoSition by interrupting the enterohepatic circulation such that
'*.morning fasting hepatic bile has a lower bile salt concentration than _-ﬂ
~at other times during the day 64 Any factor which interferes wrth

Q-bile salt absorption or. kinetics, such as 1leal or gallbladder :

disease or surgerx, liver disease, stagnant loop syndrome ar” df“(?

";diarrhoea to name a few,,w1ll alter bile compOSition.52 72 74 84

;eAttention has focused recently on th; role of dietary fibre and its '

»f.effects on bile compOSition 37

\

Plant fibre contains a non absorbable :[leﬁufzia

3'component, lignin, which adsorbs bile salts in a manner not unlike

85 186¢ Addition of crude fibre to the diet promotes

;;faster intestinal tranSit and also by 1ts adsorptive properties. - ?‘y“

8

‘vncholestyramine
’fienhances blle Salt excretion Such dietary alterations can have

i?lprofoond effects on bile compositidn, as w1ll be ddscussed later ’
| Bile salt secretion influences gastr01ntestinal and biliary
if;physiology 1n‘many ways Cholesterol metabolism is influenced in }j?ia2.fféieﬂ:'
.steveral ways by bile salts aside from being their parent compound.fiiivi~;;;;gli
’:dFormation of micelles seems to be one of the major determinants off5ff;f?7f*;ffﬁ
‘ficholesterol excretion by the hepatocyte, although some cholesterolfﬁg*f=ﬁ§faﬁf’*

_f5is excreted in the absence of bile salts.gg_:

' ]fif,ilization of;;ﬁ
:f cholesterol ln bile has been previously discusse t"n _1 ima
'f-micellarization is necessary for digestion and absorption, Afi_i{;

‘,7of bile salts results in complete cessation of cholesterol

j”absorptdon. Dietary cholesterol inhibits synthesis whereasnbil»

"*acid synthesis 1nduces the liver to manufacturelcholeste"°

',Intestinal synthesis appears to be prfmarily under the control f



. \ o . L ’ - - "\\"l. .. \.‘-V‘ ' Lo

g 89, 90 |
b11e ac1ds, be1ng shut off in their presence It shou]d be

noted that a portion of cho]esterol undergoes an enterohepat1c l'~'

72

c1rcu1at10n Cho]ere51s 1s st1mu1ated by b11e salt f]ow, and it o
\

,has been demonstrated that phosphol1p1d secretion 15 dependent on -

91 .

' b11e sa]ts in several spec1es Lec1th1n accounts for about 98% of

_the phosphoT1p1ds 1n b}le 92 Not only 1s 1ts secretion dependent on
-b11e sa]ts, synthes1s 1s also c]aamed to be under their cont- _aﬁl
,_iro1 92 93’ 94 95 host of the IeC1th1n is destroyed by pancreat1c 0%
_phosphol1pases in the gut, however ah 1n51gn1f1cant amount finds 1ts sf;’ll

’way back to the 11ver 96‘. S

: 'Bile Acids 1n\Cholesterol Chole11th1as1s, Roieyoffthe1Ga11bladderr'r o

5ef;? 3 As previously d1scussed a relative lack of 11ver secret1on

"

_f4of bi]e aC1 s results 1n a bile supersaturated with cho]estero] Itzttgf‘**

RS I

1has been shown that gallstone patients haye a reduced b11e acid ‘ fﬁ e o

:,;pool, and that this reduction 12‘9001 size precedes the formation of

1»t11thogen1c b11e 84, 97. 98 99, 100, 101 Chenodeoxycholate pool
' 97, 102 The

7d_size 1s part1cu1ar1y reduced 1n ga]1stone patients. o

;fsecondary bi]e ac :

deoxycholate, COmpr"ffga much larger Peruent
,-fof tota] pool when compared t..,.:f segg, 101 and the rationof
”iﬁtri- to dihydroxy acids 1s changed from 1. 23/1 to 0 55/1 3 klﬁff‘rfflif

.ffspite of a reduced poo1 size, synthetic rates are’ the same as, or

jgjonly slightly lower than,_normal 97 ]0]°"Cholate and chenodeoxy-"~

_'bcholatenhalf-lives are much reduced daily turnover rate being‘much

| \
.;Lhigher in gallstqye patients.?o_ A high re cycling rate 1s



| A - : Y
® i B .

-a§§6,iated with smaT] pooTs s0 that totaT daiiy secretion is- v

51m11ar to that seen’ w1th larger pooTs ]04 105 -An. 1nverse relat-

106.

ionship between poo] 51ze and re cycliig rate has been shown 96
s N |
The breakoff p01nt 1n poo] size between normaT and Tithogenic biTe '

is estimated to be between 1. gland 1.8 grams,,]07 l

To exp]ain choleiithia51s, decreased pool 51ze 51m11ar o
synthetic rates, 1ncreased turnover rates, c anged biTe acid ratios
and increased re cyc]ing must be corre]ated to the effects of
1ndustr1aiization These facts can- be exp]ained on the ba51s of
d:. coloni; sta51s and decreased biie saTt excretion found 1n tﬁe
reéﬁdents of 1ndustr1alized countries Ea

: cause wiTT resuTt in an overprodhctionrof deoxycholate from the

dehydroxy]ation of cholic acid This cadses a reduction in choTate D

pooT 51ze Since there is Tess cho]ate forlgbsorption and deoxy—

Increased sta51s from any ‘”,
/-/ .

‘ ]5

| cho]ate spec1fica11y suppresses the synthesis of chenodeoxycho]ate, é:f“ :

thus expTaining the change in tri- to dihydroxy ratios and the ob-w : ”,}”,

80, 102

served decrease in chenodeoxycholate‘ - ]03 Pool STZe will

'33 shrink in the presence of sta51s Continual increased resorption -

: wiTT suppress syntheSis when stimuTus for production of new biieg“f;i;““.ff:'f

. acids should be at 1ts daiiy maximum, since normally the entero_Ti:.fd,if'Vfi'

hepatic c1rcu1ation is 1nterrupted by gallbladder storage during;*f BE

64

o the overnight fast Reca]l that it takes several hours for -

o
synthetic reéfs to climb folTowing interruption of the entero-

72,

hepatic circuTation .108 Turnover rates are increased with

small pool, since daiTy excretion in the normal range constitutes a

a



"'re]ated to hlgh calor1c lntake 32

LI

. B1le sa]t excretion is s1m11ar1y affected 1. ~The net result 1s

s

higher percentage of tota] than 1f the poo] were large Increased"ﬂ

re-cycling is a consequence of the absence of bi]e salt sequester1ng

© agents: such as 11gnin in: comb1nat1on with pro]onged opportunlty for
o resorpt1on Thus the rura] Afr1can on’ a h1gh fibre d1e¢ rich in

lignin averages 400 - 500 gm of stool per day w1th a trans1t t1me of

35 hours, compared to someone on a low fibre d1et who averages f

150 gm of stoo] per day w1th a trans1t t1me of over 70 hours 374

1ncreased stlmulus for synthes1s, reduction of deoxycho]ate and an h, -; N

expanded b1]e salt pool r1ch 1n chenodeoxycho]ate, and absence of

'ga]]stones That d1etary fibre expands the chenodeoxycho]ate poo]
and reduces debxycho]ate has been demonstrated in man ]09 In
"addition to thls mechanism chenddeoxycholate appears to suppress ff L

llver synthes1s of cho]esterole- and choiesterol output is also 't»%{it\g;f

o

. The ga]]b]adder, aside from being a reservoir 1n which
stones can form, affects bi]iary kinetics by 1ts ability to

},lperiodically 1nterrupt the enterohepatic circulation 54’ 84 Thef ;f‘;f:‘:ﬁyf-'

ﬂ.effect of cholecystectomy therefore 1s to remove periodic interr—

13

Aﬂfuption of the enterohepat1c circulation and consequently 1ncrease f'é

_to be rather constant 1n man
found to be reduced

.3size returns to norma

K re-cyc]ing rate This of course, wou]d red!l!fzge bile salt pool

s1nce da11y 24 hour’output (pool size times re-cycling rate) appears 1jiff:+f”“"

]]] Measured pooJ size has been 1-< TRUCER

57 84 112

although one study indicates pool

Deoxycholate pool is 1ncreased post-;\,‘ri;. "

S 0‘-,



.jbile to intestinal f]ora

,,}nine months of treatment

'cholecystectomy, this is ‘explained by.the more constant exposure of

84’v]]3 Resuitant effects on ]ithogen1c1ty

\-have been_disputed Several studies show choiecystectomy returns

‘bile to norma]ss’ 56, 114, ]]5

iithogenic 57, 116, ]1Z o

while others indicate biie remains

Some researchers -feel that a re]ative lack of biie sa]t t7"
| ‘secretion w111 be seen with reduced poo]s and wii1 therefore result
: in a reiative depr;s51on 1n phospholipid secretion, and make biie :

101, 104, 107

even more lithogenic This m.Ehanism seems somewhat

unlikely in v1ew~of the fact that 24- hgyr output tends to remain '
'iconstant 1n man in spite of reduced bile salt poo]s 11] 'It i |

. 5important to note though that compared to choiic acid, chenodeoxy-;'
'.vcholate causes decreased cho]esteroi output and increased -

l phospholipid output ]]8

'iDissolution of Cholesteroi Gallstones

In 1937 Rewbridge rev1ewed the status of bile acids.

- -cholesterol solubi]ity and galistones“

" acid. def1c1enqy may be responsib1e for;cholesterol precipitation.

‘e7ora1 bile ac1ds were given to five patients. Radiographic disappear-f_gt }?f:k

| rlance of gallstones was recorded 1n two of these patients fo]lo&ing

]]9 Little was added to this informe'_[f'

fff“ation until the 1970 s when the effect f administering pure ;fff;;? ; L
| 'fbile‘acids towgalistone-patients was.investigated. That bile salts ffj}anhﬁj{

v

On the postuiate that a b1|e’di}: o

DS e



) J ’

.administered ora]ly increase the f]ow of biiiary bile saits and

120

phosphoiipids has been shown Oral chenodeoxycholic acid, as

";compared to other bile ac1ds, increases 51gnificant1y the. bile acid‘}‘"

!

_ plus phospholipid to choiesteroi ratios ]02 12] ]22 Admihistrat—v

jon of chenodeoxychoiic acid to young Indian women decreased the

'b]ithogenic potential of their biles 69

: the successfu] dissoiution of choiesterol ga]lstones by orai cheno-ftn[ B

_'deoxycholic ac1d ]23

124/ b

"'therapy has been,reported Chenodeoxychoiic acid does not

'fnecessariiy exert 1ts effects by expanding the bile acid pooi but _:;g,:

" inhibits hepatic choiesterogene51s and 'S0 reduces biiiary choie- e

7steroi conceﬂtrations ]]0

;‘71deoxychoiic acid therapy 125,“i26

-ated on the basis of 1ts abiiity to induce iiver enzymes and 1ts

'i.;wpotentiai to increase biie acid synthesis However. resu]ts have |

f*not been encouraging ]26

f-ga]istone patients, phospholipid feeding has been attempted ]27

:‘:;is uniikely that this form of treatment wili be successful because e‘ o
'};'the enterohepatic circuiation of iecithin is insignificant 96 The;ﬁff;h5°;fﬁfc

.'iuse of. fibre in preventing and dissoiving gal]stones holds[much

f; promise for the future

By 1972 Danziger announced o

Gai]stone recurrence after discontinuation ofi;:f.ﬂ;

There -are a few good reviews of cheno- RN

’18]

Phenobarb;tol hag been i"VeStig-y'_h:i"}*ﬁ :

Since leCithin concentration is low in i *r‘i SR




. OBJECTIVES

;':1Tﬁéf?biéCffVes:Sf}tﬁféfétuayaé*ﬂiasifa1iﬁﬁs;ﬁ;‘  1?T M
'” f‘ To confirm 1n a Canad1an population that normal
- f*ffbile can be separated from abnormal bile on ‘the - T
:hihbasis of cho]esterol saturatioh i> }_ff;fi: :fiﬁ?fJ ;
-‘.L.i?;f»To estab11sh how long a 1nthogen1c bile 1s secreted -
2 f3;after cho1ecystectomy, and to elucidate the possible
 7'{;;ffro1e of the gal]bladder 1n the production of a
| :“3:_ 1ithogen1c b11e. 31 SR PR R




MATERIALS AND METHODS

Biie samp]es were obtained from fasting patients at the
.’eUniver51ty of Alberta Hospitai Patients were seiected from the f”'i““
"1operat1ng schedu]e on the basis of presence or absence of biliary

3 'tract patho]ogy,.subJects with functioning ga]]b]adders or previous

| cho]ecystectomy were considered Subjects with e]evated bi]irubins.
:ipersistently abnormai liver enzyme levels or infected biles were 3ﬂff;ﬁfh
'u;exciuded._ Samp]es were obtained by ﬂeedle aspiration of the i |
ui~galib1adder, needle or T-tube aspiration of the common duct. or .

frduodena] aspiration at. the time of surgery\ Galibiadders were

;faspirated as fui]y as possib]e to ensure representative samp]1ng 128;;

:bO"]y afebri]e Patients With normai white blood counts were considered, o

T.and as a further check aerobic and anaerobic cultures were taken o

’i'at operation to prevent using an infected gallbiaddeeriIe}f P

fﬁana]ysis.



o at1on (Tab]e I) Group II (ga]]stones present) consisted of TO 2

o fema]es and’five males w1th an age range of 291§8 and an average age

'\-had ev1dence of biliary tract 1nfection A few patients had elevat-w = ~i”

'Z»§+}Samp1es were obta1ned by gale]adder aspiration (Table II)

L

- . ‘:& =
“ ievidence of caiculi Samples were obtained by gal]bladder aspir-'

i of 43 years The reasbn for surgeny was chole]ithiasis No patients

' ;1ons of 11ver enzymes but these were transient 11 ga11b1adders

*»-Awere found to contain ga1lstones. and these were subsequently analyzed "f

Group III (previous cho]ecystectomy with stones) consisted

‘;fff_average of 48 years.u Surgery was performéd for pancreatitis, peptic ”J

[fy»fulcer, or common duct patho]ogy (stricture andgstone

’”‘?fulcer Samp]es were'o

]

“?'fiabdomina1 pa*n recurrint pepti
tained




the iaboratory and examined for cholesteroi crystais under a L
T-poiarizing microscope Specimens were then mixed and extracted at

:'gonce or stored on ice untii convenient to extract (never exceeding

‘;j'one hour) Foiiowing extraction the specimens couid be refrigerated

: fiuntii analysis couid be compieted Stones wege coiiected whenever

e

4r'p0551bie, and ailowed to dry 1n air prior tO anaiysis T°t°7 solids

\. "_“."5

22

i;{;were determined by comparing dry weight to wet weight of specimens.r,;'-f5 7;

f'pSampies beiow 3% or above 25% totai soiids were exciuded as recomm-v 5

alfended by Sma]] 4] Aii tests were done in dupiicate, iack of agree-c;»:‘

5_fment of greater than 4% wouid result in a repeat anaiysis., No 17~f?:“ﬂjg

;.frepeats were necessary 1n this series however

Phosphoiipids were determined by the method of Sundenman

129 Extraction was accompiished as foiiows

4mi CHC]

5fiand Sunderman

1 1 mi specimen was added drop by drop to]'Z




23

| twith acid molybdate solution to form phosphomolybdic acid which wasari'r;f;';;

5vreduced by . am1nonaptho] su1fon1c acid to y1e1d a blue co1our by theeg?;

f~'follow1ng method : T . SR B

o nfﬁi;/és m] extract was evaporated to dryness, 2 5 m1 of 5N sto'i;ﬁfﬂf%*a‘

i~;!k.]¢f,;added and the m1xture s]ow boi]ed | ' -1 . |

“fqu‘ZL,;After 2 blaCk or br°w" C°]°”r Chaﬂge occurred. one drOP ofﬁiahf; o
nv‘.o:30% H was added,and heating continued for at least 10/41;;;}_?a{;:

";d'; m1nutes until the contents became co]ourless.. If unsuccess-,.f{T;;;A

~.,}:jffu1 this step was repeated S o : S

d--df:ﬁéiiaA standard Was prepared by transferring o 5 m] of Ph°$Ph3teidzbf?§f:;j
. ji...:::‘._‘:,:'vvstandard (0 08 mg phosphorus per ml) to a digestion tube }?;:;151*517

e adding 2 sm of‘?n HyS0,. 2.5 un of S s i

°ihf'rff7jas a: blank The same amount of H 2




L »_124_'

7.. ~Calculations

0'0 unkiown x o 04 X l8 X l00 x zs

‘mg% phospholip1d = . D s;andard

o Millimolar concentrat1on was found by employlng the

) '“;converslon factor

.f1 mM phospholipvd 793 mg/l

| Cholesterol was determined hy the method ofAbe]1 ]29 ]30 l3l
*Baszcally b1le was treated w1th alcohollc KOH to liberate cholesterol |
iffrom l1p0prote1n complexes an% saponlfy cholesterol esters. Chole-« R

:Jsterol was extracted lnto petroleum ether and the Llebennann Burchard

;freact1on was used to produce a green colour which was measured

j”spectrophotometrically. Reagents used were"d"

N 95% | e.thyi‘f.fa...lésfh'oliea tsdfsﬁfliié S

,;ﬁAcetic anhydrlde, reageﬁ.
.;{KOH solutlon 33 w/'ﬁ

-gz7f~fEﬂhanelic K0H7¥olution. prepared 1mmed tely ”for use

. (6:m1 335 KOH to 94 m1 '95% ethy -_a-l'cohol_;

gffStandard cholesterll solutdon (lOO,m cholesterol ‘to

**Y:ugff;}absoluteﬁlﬂ3°“‘t° make;ZSD'ml)



The procedure was
S I

k‘nig1ass stoppered centrifuge tube conta1n1ng 5 ml cholesterol

i;standard _, 'jj;eii--@>em.’§? ‘]'» gﬁfw‘:

. 0 5 ml bile were: transferred to centrtfuge?tubes and 5 m]

10°C kept co]d for nine minutes, and 10 vo] glaeia1 v,v,*
acetic ac1d added) ;m‘ ';f;]7sﬂ~af_*f,"f_‘{-.»SF"}iﬁ;i:ﬁ;‘ix]fﬁ;}.

‘O_,

~Standards - 0 3 m] of 33% KOH was added to a 25 or 50 m]

e

fﬁalcoholic KOH added Tubes were stoppered, shaken well andfﬁtlir,ftf
*-#j:placed in. a water bath at 37 -, 40°C for 55 minutes 0

;:eAfter cool1ng to room temperature. 10 m] of petro]eum Ethe"ff?*¥75ff

“d"_ifwas added and mtxed we11 5 mI water added and Shike“

tfi_f;vigorously for one minute, and centrifuged for 10 mtnutes.§51”?557';f

"ﬂﬁifgéﬁiTest Dup]icate 4 ml aliquots of the petroleum ethwzlw
_:H;'f{were transferred to 1arge dry test tubes. : i
| v;;fdfduplicate aliquots, 1 0, 2 0 and 3. 0 m1 (equivalent'to 0:2,

"'“~*;j§o 4 and 0 6 mg choIesterol) were transferred to'sinilar test




. o Lo 26
T S S I
7jbeginn1ng w1th the b]ank and at one m1nute intervals. to

e : *2f7
\ _;the samp]es Tubes were stoppered mixed using a shaker, i L

- ~-and opt1ca1 dens1t1es read at 620 mu exactly 30 minutes

kihf after addit1on of the reagent ;v'“;” =

;:27"bca]Cu]at10ns AL<%3” PR

. Pf”ﬁOpt1ca1 density eq 1va1ent 0 D. standard e
'}to T mg cho]estero] ( ) mg cholestero1 in al1quot

Civ
O‘:

f"»TT]Jﬁ';mg % cho]esterol . L 0 D gnknovn‘~ l%n l

ec:

L e T T
T

Jh‘f:Millimolar concentration of‘chOsesterol was calcu]ated usfng

the conversidn factor 1 mM d:

Enzymatic determination of bile acids was carried out using the e
method of Engert and Turner.]?z Reagents were. ;,_f‘j;;Q;f[fZ}J'“'"z"h‘;'.“ui

‘ 1 Buffer, 0 1 M sodium pyrophosphate

h ' 2 Hydrazine su]phate 1. 0Mh(3 4 m] 95% hydrazin .p}us?j;sﬂm1i"
'f'f fk, concentrated sto4, q s 'to 1oo mliwith deion1ze' ater).
3. WA, 6. et b

 testosteront (Signa, Type 1)

,’-}g e 4 Enzyme prepared from Pseudomon"




L

dens1tges | ‘ | . B B

Cholesterol content of gallstones was determln d by drylng - |

the stone in a1r and gr1nd1ng 1t to a fine powder Us1Ig 0. 5 gm of ' td -

'”}powdered stone, chplesterol was determ1ned as outlined above and L
'L'percentage cholesterol was calculated., Relative percentages of bile o

' vac1ds phosphol1p1d5(\nd cholesterol were calculated from the total

- of the1r concentratvons in mill1moles Results Were plotted on the L
,‘tr1angular coordlnates of Adm1rand and Small (Flg. ).4] The litho--eﬁ-val

?f‘agenwc 1ndex of Metzger, wh1ch 1s the rat1o of absolute percent chole-';ﬁ;f?f"

'n;sterol to the theoret1cal limlt of cholesterol solub1 1£y at a given

'"*fconcentrat1on of phosphol1p1d and b1le salts, was calculated Values

| ]'greater than. 1.0 are supersaturated values less than l 0 are fFTVi

i-iunsaturated (F1g 2) ]33



e e e Qe
| Group I cons1sted of one. female and three males w1th normal {af
;_b111ary tracts and an age range of 24 to 79 years Bile was unsatur-fi[
?ated 1y two cases,}saturated 1n one, and supersaturated 1n one Meanf;y
, 11thogen1c index‘was 0. 92 (S D s 0 143) Molar concentrations, perfff;
'A;cent mo]ar concentrat1ons and 11thogen1c 1ndex are 1isted 1n Table Vlégi
:TNo crystals were: seen in these specimens R s"'f » ”f‘ :
g ”\ The pat1ents undergoing cholecystectomy, Group II, ccmsiste«clf:?j
iﬁof ten fema1es andrf1ve males with an age range of 24 to 70 years._s ?}f

:gW1th the except1on of two. all biles in this group were super-,;.~

}jsaturated with cholesterol Crysta]s were seen 1n al] specimens

Comp]ete

fiexamined Mean ]1thogenic 1ndex was 1 4] (S D s 0 48)

fecomplete resuIts>are shown:fj7Tab1e5VII
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Group -1V, prev1ous choIecystectomy without stones.

consxsted of two ma]es and one fema]e w1th an age range of 30 to 70
) }ears, All b11e sampIes were unsaturated and had a mean I1thogen1c
1ndex of 0. 52 (S D. - 0 077) no crystaIs were seen. Resu]ts are

‘presented in Tabﬂe IX I. lf .
Mean Iithogen1c 1ndex pIus or m1nus one standard dev1at1on
for-aII groups are represented-on a bar graph (F1g 3) Groups with
‘stones,‘past or present, cIearIy have. 11thogen1c biIe (Iithogenic <
- 1ndex ggeater than 1.0) when compared to groups w1thout stones

(I and IvY). Compar1ng percentage cholestero] from groups with e
anIIStones (III and IV), to proposed Iines of choIesteroI so]ubility

shows great 51m11ar1ty w1th respect to cho]estero] supersaturation -
_(F1g 4) when resu]ts from groups w1th prev1ous choIecystectomies,‘ifj[;T“c.”
‘w1th and w1thout stones, are compared using circIes drawn around /if_fltf.“
. po1nts pIotted on tr1angular coordlnates separat1on on the basisogfflf-h
;;of choIesteroI saturat1on 1s obvious (F1g 5) That t1me since f}',i?}*r'”l“
:ichoIecystectomy does not 1nf1uence choIesteroI saturation 1s :

1;111ustrated 1n F1gure 6 e{*{di3e‘&1:f;;ﬁ717“7f'§}13ff7=; nrfaf;*[:fﬁh,;ff;gft "

P RO L




. DISCUSSION

In this study, oniy biie obtained fr m fasting subjects was ] ;" ‘

used Métzger has shown that fasting hepatic biie is more 1ithogenic“ ‘«:‘g

;»than biie obtained at other tiWe 64 During fasting. much of the

*hiaverage daiiy bile conposition.

I S

»caused by reduced chenodeoxychoiate retdrn

‘{iithogenic ) Lfdi}f¢§'2,7hfﬂ§fff'

.a_biie sa]t pooi is stored in the ga]lb]adder Because much of the

biie sait poo] 1s unavaiiabie for recirqniqtion. there wiil be a

'.reduction 1n biie salt secretion, d? novo synthesis being siow to .
lincrease” Consequent]y during fasting hepatic bile becomes more |
fiithogenic due to a reduced biie sait return through the iiver. _<e.f'171v e

.Cholesterol secretion may be increased due to iack of inhibition

llO

This mechanism :

At this time severa ~hou

56, 67




- 31

representlng the mean. da1ly seciet1on of lec1th1n, bile salts. and
il,cholesterol, 51nce there is no gallbladder storage and consequently

no 1nterrupt1on of the enterohepat1c clrculat1on.‘ For these reasons f:“;;f‘dl
._19 is perm1ss1ble to compare fastlng gallbladder bile to fastlng ”.il‘\: |
-'hepatic blle from cholecystectomwzed subjects The occasional -
duodenal asp1rate from cholecystectomlzed pat1ents lS also a repres-.7!"
| entat1ve sample of hepat1c bile as demonstrated by Vlahcevlc _he'2¢5_‘
“.obtained samples of duodenal and gallbladder b1le in the same "k».
yspatients at the same time and found them to be similar 1n composlt-
- Patients with infected b1le. jaundlce or grossly abnormal
hfliver enzymes wg e eXcluded fron the study since these factors can SR
':affect blle compositlon Infection ean result ih;deconjugatlonaof "ffaifﬁ

3}billrubln glucuronlde and lts preclpltqtionf ff
‘ : ‘“‘-.4'

.;f.be appncable., Analysis was ﬂ' 1;
,reference methods 1n dui~ L

v J_



| L Several prev1ous studies regarding the 1nfluence of ‘h>f;;“h |
| cho]ecystectomy have accumu]ated in the 11terature : with conflfcting ji;ff -
results For each paper which conc]udes that b11e remains lithogenic f:;i';ﬁ“;
tpost oper:tively, there 1s an equalT; convfncing paper claiming that
”'icholecystectomy 1mproves the cho]esterol holdfng capacity of\ |

:‘b11e 55 56’ 57’ ]]4’ ]]5’ ]]6 1]7"In fact Small has co-authored

Cle

.d ;two papers w1th conf11ct1ng resu]ts 55 66 To date there 1s no good
'p explanatlon for this difference in. resu]ts The few papers which
o attempt to discuss th1s point provide only weak comments.??’»]17

T In- our study bile was obtained from anaesthetized patfents

’{ifollowing a. ten hour fast Groups were reasonably we]l matched

."f(see Methods) and no patients were taking antibioticsfc »estipgensoibl'v

»ffpapers.ss’ 56 Samples‘were taken either‘at the'ti”

None of the pre




| @f

-for*tne analysis of{bile It is 1n this area that the most likely ;x f:;i
n”reasons for conflicting results may be found A review of papers e
.';fOP methodology is somewhat frustrating however, since many are »“f&””
-;lacking 1n detail The two major grOups who pr0pose that bile

eir specimens prior

"“becomes non~l1thcgenic post operatively, froze
'fto analysis As previously discussed micellar"ormation occurs only .
";above,a crmtical temperature, the Krafft point iFreezing and

thawing’ will disrupt micellar structure and result in cholesterol
rf'precipitation from a supersaturated solution Mixing procedures R
{_fafter thaw1ng are likely inadequate to compensate‘for this phenomenon. l?i;i;;ft

“In fact. the mean bile composition of gallbladder bile from choleel"' P

‘.fstero gallstone patients in Shaffer s study is non lithogenicls§.;jll];f

{I:Ppst-operative mean bile,composition in Sinmnn s study'is so slose’tof" )

;'Canadian population That i




:“

of chole]ith1asis is. hlgh 69 ‘~;”l~f¥7ﬁ“\f7'“*~'u
-The usual quoted 1nc1dence of pure or m1xed cho]esterol

"-stones is 85 90% of a]l stones &

Stone analysis revealed only one i;;.,n?:;
usof 15 stones (Tab]e VII) was. not predominantly cho]eStero] in ;?a'.p. _
f,content The probab111ty of more than one of the eight pat]ents who

.hifhad cholecystectomy for cho1e11thiasis (GrouP III) having other than _fﬁh?

'f‘j cho]estero1 gal]stones 1s low, therefore it is assumed that this

e q: TR &
g fi_group had cho]ecystectomies for choTesterol cholelithiasisr .:nhv;;;;;f3jJsﬂg,

s ison of this group to the others shows that b1le remafns persistently

thi;supersaturated 1n gallstone patients ai&er cholecystectomy_L_Three
";{patients who had previous cho1eqystectomy for aca]culous*disease :
vijgi(Group IV) continue to secrete unsaturated bjlh, and'{ A "

"'ffthat cho]ecystectomy does hot stgnificantly 1nf1uence'the;lithowh

“fahgenictty of bile



s

‘ been suggested that cnoleiith1a515 is a liver disease 66’ 67 70

&»From a rev1ew of the literature however, it seems that dietary
f factors are a more likely cause of the ahnormaiity |

Cho]esterci ga]istone disease is primarily one of Nestern

S

g countries where 85% of gailstones are of the pure or mixed choiester-»»s«ffifr

4

1 o] variety By comparison cholesteroi gaiistones are a rarity in

;;the rural African or Asian until he adopts thefW"stern style of -

flife ]3 It is also true that compared to the westernerh;he"African

Lihas an increased amount of fibre and iigninfin his diet. a: bulky'




s
f-the porta] c1rcu1at10n from the distal ileum and colon, return to the RC
72 'T.wyxfr“

f:.liver, and are re cyc]ed The on]y s1gnificant 1oss-from the

_;ienterohepatwc cirCu]ation is through the feces.é Liver syhthesis of

f}bi]e acids 1s under a feedback controI mechan1sm whereby a decreased

?_*bile salt return through the enterohepatic circu]at1on results 1h1 ij”"urh"
lg,an 1ncreased synthet1c rate 75 In this regard there 1s evidence'ihat L
;}1increased ab5°rpt‘°" °f deOXYCh011C acid has a selectfveiinhibitoty o
“iieffect on’ the synthesis of chenodeoxycho1ic acid, but not o cholic
‘@;acid 80 . This seIective 1nh1b1tioh becomes even more sibnificant

A*sfnce it has been found that chenodeoxycholate suppre‘"es_liver__:

vf'synth8515 and output of cholesterol }10

Colonic stasis 1n Nestern 1ndus 1dtlzid

'"ffor 1ncreased dehydroxylation of cho]ate and-consequent}y ncreased



ig‘and the mean 24 hour output return to a more normal 1evel.‘,

;_.

fffthrough the portal system (increased recycling rate) causes the

.’_'_bﬂe acid pool to shrink so that’ tom daﬂy stimulus for synthesis
106
A

”i'reduction in poo] siZe and decrease 1n synthesis of chenodeoxychol-.~ﬂ»;ﬁi*‘""

{?fate resu]t 1n the production of a bile unable to ho1d qholesterol

':’1n so]ution.. The high fibre African d1et reduces transit time




"f:1n wh1ch feed1ng sma]] doses of deoxycholate to volunteers caused
{i;deoxycholate to rep]ace chenodeoxychoIate w1thout the ratio of
'efcholate being. a]tered, 1nd1cates that deoxycholate se]ective]y - }a;te?fg

\'j3suppresses chenodeoxycholate synthesws 80 An 1ncreased deoxycholateeﬂ'fki?

.fe!pool post cho]ecystectomy shou]d therefore produce a dec?ease in }
?;ichenodeoxycho]ate synthesis and poo] s1z uThis has been confirmed 55?‘"°*

if?ﬂby two stud1es of p001 sizes before and after cholecystectomy.§3f 95;1%\_}}




_;oformat1on of. gallstones from cholesterol crystals Furthermore'f~;‘in4;i;;
"fl1thogen1c b1le may irritate the gallbladder and be responsible for {{iili;t
‘tigncreased mucous concentratlon observed in the b1le oﬁ gallstOne ._f, i
:"fr‘-»vfpa“e"ts 26, 36, 39, 40 Thus the gallbladder is intlmate'ly involved.._"i;'j,;

Q‘;In the formatton of gallstones once the abnormality 1n bile has

;H_been 1n1tiated



0 coNcLusioNs o -
B Several conc]usions can be drawn from this study Nonna]_'-_".f_'.,.‘j__.;;
bﬂe can be separated from pathological bﬂe on the basis of super.;_}
';z'isaturation w1th cholesterol From the bﬂe analysis of eight

: patients who had cho]ecystectomies from"" ne - t"'23 _years previously,-:j'_i.:‘f»._f'_v'jffj;l

1t 1s apparent that bﬂe remains }ghogenivc after cholec;ystectomy"'




.'_’.‘4.‘ .4.]
the possub111ty that the ga]lbladder 1s respon51b1e for formation of

;llthogen1c bile 1s excluded L1thogen1c b11e in some way 1rr1tates K

’;gailbiadd " '”?i Thrs results/1n secret1on of mucus which traps

~ “cholester '%fnd a]lows stone formation to proceed even ' ff§ifi7Qi

*fion of gal]bladder contraction

n}the 11terature reveals two nain‘theories as to“s”
1 hogenlc b11e‘ liver disease and diet Tn“f};”‘
;;e'felof cholestero] chole11th1as1s h1nts tha ; 11

f"most 11ke]y etlolog1c agents
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. Group II Gallstones Present. ;glllm.cal Data

Y

0:

TABLE II

.

‘Patient .

Alk. Phos. ‘. B

Age
L I/

1N (S.H)

@)
B 3(RK)

4.(CiW.)
75 (T
| i‘é‘(J‘M');**'
1., w.),.'

BuRHL)
9.1 )

.‘:104 (E A.
11 (2. u.rv';f

. 12.(R.D >

@Sy’
o 44, (R A

'l]'15 (s s. )

11;34i?

7atf[?f?_“
B
- :7.;i$5~fz“'*}.iiiﬂ SRR
Cars 87 S S a o
20 ;,ﬂiéé;;f;:jfuf;f{?“ffi‘ '
.77 288 T oS4 o
0.9 111*5f” 273 o o
0.3 s s e SRR
"ffno jaundice u;f.?lf;:i}liviufifof:{{;o.ﬁ‘ifﬁl
o 7 27 69 |
,'l'fo 8 sggf{fﬁgj;7§jf?pi.j7;'4k.__iv_
L “0 7   4@1 1iil;§5iff?ffj1;<;«Jﬁln;f

‘€41l

57
33
a2
6l
24
29
o es
65 -
3

RU

.

&N

e B ;; . s CL . . .
LR 0L BRI R T R TR TR T SR T |

?33};{
aa

,J\ll patients had a d:l.agnosz.s of cholecyatitia.
SR ~.samples_were '
S ~‘.'asp1tation. o

g

hll
gallbladder bile obtained by needle ’

i . : I
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. TABLE V .
‘ _B-i'le ﬂS'a_lt Ana,iYsiswlb_’chedure‘::- - Aé_say S

R

n
o

i

" Blank(ml) Test(nl) CDCA Standards ml

Baffer .20, 200 20 20 20 0/
‘Hydrazine. =~ . 1.0 . 1J0 o710, :»1;94f;;{1;o‘”~ "‘ '
‘NAD o  "%;v;v‘T&: °°5gff¥;’5 o;5l ,Z,;b}Sf iﬁ',Q;Sfii_'o;5~f5"

CBile . - 000003 04003 e e e
CEnzyme e U= "l0.025. 0,025 0,025  0.025 .
: Boiledgnzyme ‘ 0.025 - : T ;— e ‘ | o
. Chenodeoxycholate Acid. ** = = ' = = . 0.0l --0.03  0.05 " .
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. Eigs 1. Triangular Coordinates of Admirand and Small -
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" Fig. 2. Calculation of Lithogemic Index <

o _urbemiewee -
SR Ol T e e

L oeomme /o

PHOSPHOLIPID




| Fig. 3. comarison of Lithogenic Index .t .
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