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ABSTRACT

Previous studies halve indicated’ that dholesterol

rd

'saturatlon of bile is a55001ated with prolonged 1ntestinal

'tran51t\t1me (so called aolonic StaSlS) characterlstlc of
ponulations eatlng a low-flber/hlgh—reflneB-carbohydrate
diet. "This study was, undertaken to thermlne the effect of
.prolonged 1ntest1nal tran51t time on blllary 1lipids

(cholesterol phospholrplds potal blle salts)

4‘ Young domestlc pigs welgelng 10 -"30 kilograms had an

’

. antl—perlstaltlc llmb of colon fashloned to mechanlcally

prolong 1ntest1nal tran51t time as’ measured by the passage
of,radlopaque markers (Gallbladdér bile fcr determlnatlon
of hlllary 11p1ds was. obtained by needle asplratlon at

”cellotomy before reversal of a 10 -~ 35 centrmeter colonlt

'segmenu, and at 4-and 8 weeks after reversal. -Tée number of

bl a .
animals studied at o0, 4, and 8 vmeks was 12, 13, and 9

ry

respectively. :The anlmals were kept on a cholesterol free

- diet througﬁout sthe study

‘».

, Pre—operatlve 1ntest1nal' transit tlme in the anlmals

‘

was 53 5 + 7.0 hours (¥ + SEM) and Was 175.2 % 20 9 hours in

,anlmals after reversal of a colonlc segment (0. 05> p >0.02).

Choles@erol saturatlon index of bile was 0. 40 + 0.03 in the'

_ S
‘control perlod, and 0.38 + 0.03 and Q. 39\+ O 05 at 4 and 8

weeks after colonic reversal. None ; f the 'observed

——

differences was statlstlcally 51gn1f1can

Y

Under the conditions of this study a_ ‘marked

prolonggtlon of intestinal transxt tlme~d1d not increase the

EE 24

L“
Re
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cholesterol saturatf!k, indek of dallbLadder bile, This
' result doés not “support the commonly held belief: that
prolonged ‘intestinal transit time is a- factor. leading to

1]

cholesterol gallstone formatién. >, .

B s \
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Ga!lsédﬁes have been f§ﬁnd irn an Egyptian mummy (circa
Iseo B.C.)l, and ‘probably have a&ways been preséntnin maH.
The prev;lence oﬁ gallstones is ?i;ticult to ascertain, as
it changes with the age of the population and with the
geo@raphic .iocale. As, weil, most gallstones are
asymptomatic. However, i? has been estimated that 20
2

million Americans have gallstoﬁes
There is a hard to prove clinical impfession' among
physicians that the iﬁ?idénce of gallstones is incfeasing[
and this is reinfdrcég by‘the rising‘demahd for and
performéﬁée of choleéyétéctomy3.' Each year. apprgximatgly

80,000 Canadians undergo the procedure4, and it il estimated

that in America up to 10,000 persons per ye& die from

gallstone disease or its complicationsz.

Q The apparent rising ihciderice of gailstones in
Q
Society has resulted in great research interest in the

ern

subject. Several different theories have been formulated in
an attempt to explainAthé high prevalence of gallstones.

. ! ’ \
Africa provides the best dogSRented examples of populations

which are almost free of cholelithiésis3. In general

. \ u
gallstones seem to have a higher incidence in Western

: , : : ~ N ‘ =,
Society, the highest prevalence in the world being found in
North American Indians°. ‘Canadian Eskimos had a very. low

incidence until the 1960's wheh Westernization of their -

lifestyle began. Epidem] al studies have found that a
arbohydrate and a lack of dietary

©

1
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‘ i . ‘l
fiber .are common to populations with a high® incidence of
3,5 B { ‘ /

Clearly gallstone disease is a 'very important factor in

gallstones

the health of the general population. '



PATHOGENESIS OF GALISTONES
2 (‘ o
. W

o

Cholesterol gallstones (contalnlng ~more that ,70%

-

cholesterol) account for the ma]orlty of stones ln Western

Soc1ety i 'The most‘ common‘ a55001ated 7COndltlons.-of K
& o T ' ; u . ‘. .
gallstones are femalejender., higher l‘Social ¢lass, high®

paraty in females, obesity, diabetes, 'and coronary artery

n
dlseasel T o .

Y

e The . solublllty of cholesterol in %1le depends upon- the

e ,relatlve concentratlons of the three major llpld comp nents

o

el oin blle. blle saits, phosphollplds, and choles

l.  The
'; orlglnal work on saturation used a trlangular phase dlagram
| to dlsplay the 1nteractlons between these components (Flgure %\
'1.). ?he authors belleved it was p0551ble to measure the

) 1nd1v1dual components, plot them and from the locatlon of

0 the plot p01nt know whether .or' not the person had

gallstoneSQ: Although accepted at the tlme, it. hasvnow been
shown that the separatlon of blle ‘into ‘normal and abnormal
groups based on -cholesterol saturatlon is not- p0551ble,

saturatlon and supersaturatlon belng found in "normal"
persons (those‘w1thout cholesterol gallstones) ';,Theﬂ
cause OfA’thlS. common occurrence of blle saturatlon w1th
%cholesterol lS not known. R _ f'
At least two condltlons are requlred for the4productlon

of cholesterol gallstones. supersaturatlon of blle w1th

! g
Sl cholesterol and nucleatlon of the cholesterol monohydrate
crystals . Blle supersaturated.‘w1th cholesterol commonly

v,occurs in -normal subjects (tha ' is- peésons wlthout
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vgallstones)‘and therepisxconslderable-overlap in cholesterol

saturation levels between patients . with and without
) | o L - .
gallstones7!8. © Why’ supersaturation results in gallstone

o -

formation"in‘some people and not others is unknown. Clearly
supersaturation is necessary, but' other factors must be

M‘operating.

The presence of nucleating agents in bile may influence

whether. cholesteroi )IWillgh crystalllze from niCellar

/solutiong’g’lo’11 ' There are studles which- suggest that the
f~~ga11bladder of patlents w1th~cholesterol gallstones may add
a nucleatlng ,ES”VW\' 4 1hé blle thus fac111tat1ng
”cholesterol'f;‘ fformatlon9 /12,13 r _Other  studies,

however, in -

14 15, 16

preventlng crysta anucleatlon -LThe conceptsl4of

~pronucleat1ng factor excess and/or anti- nucleatlng factor
.deflc;ency.resultlng_ln gallstone formation®are not mutually

exclusive,'and current literature'states'that both of the
>

factors (1nh1b1t1ng and promoting) do exist and that both ofT

their effects can‘ be de}!istrated under approprlate
'conditions17. However, at this time llttle 1s known about .

the physical characterlstlcs of the factors, or about the

changes 1n blllary levels that ‘occur and uappear to be

" essential inlgallstone formation.
:Muclnh whichf isd elucidated from'vthe,-wall of the
"lgallbladder; also may  be ran_ important 'pronucleating‘

factor18 i?. Glycoproteln is often found at the center of

stones, and mu01n hypersecretlon is apparentlyqtrlggered by

llthogenlc blle : and is- known to precede gallstone
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T . :
2, Gallstones have been shown to- have

mucin_ incorporated into their matr1x20 ~ Cholesterol

formation in hamsters

crystals are frequently seen.in the mucus gel layer adherent

to the gallbladder ﬁ&cosa2l - and  the cholesterol

\

concentratlon in the mucus gel layer is almost tw1ce as high

as that in. the lquld gallbladder blle . Slmllar flndlngs
¥ 4

are seen in ' anlmal models of ~cholesterol

23’24. M!cln 1s known to be a large component

cholelithiasis
of gallbladder sludge / and sludge is known to coexist with
and to precede gallstone formatlon .”Human‘gallbladder mucin
accelerates the nucleatlon of cholesterol crystals inr bile
in a dose dependent fashlon9 but,removal of all the mucin

/ \ R , .
from bile does not affect ‘the rapid nucleation time of

*

lithogenic gallbladder bileg. "It would therefore appear .

that' mucin is ‘not absolutely . essential to gallstone,

formatlon, but it may play a role in early. gallstdne
nUCleatlon in'some cases The ev1dence llnklng mucin in the

,pathogenes1s of gallstones, however, remains 1nd1rect2
’
. Some have proposed that cholesterol gallstones form

around a central nidus of plgment The blndlng of bilirubin

and cholesterol by muc1ﬁ)may explaln the presence of both at

25

‘the 'center of many- cholesterol gallstones Recent

1iterature‘ indicates that the .center of cholesterol
gallstones contains 'very little calcium bilirubinatezs.
Thus the theory that cholesterol gallstones form around a

central nidus of a small plgment. sione appears to be

,_untenablezs 126

a ¢

N
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;-fh summary., cholesterol nucleatlon has been descrlbed\

¢
as ‘an, 1nteractlon between the absolute degree of cholesterol

™~

supersaturatlon and the outcome of a balance between the

activ1ty of nucleatlon 1nh1b1tors and promotors27

Once the
orystal has formeq 1t rgrows by crystalllzatlon»;on()its'
surface. Althougglen important cobcept in the'patboéehes%s
of gallstones, thie thesis wilil not' comment on\nucleation

any further,. b



CHOLESTERO OLIS) S
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. } , . o L
i) INTRODUCTION . o | N

Cholesterol 1s used in all cellular membranes ‘and is a

component of’ plasma llpoprotelns. It is found in' all body

=tlssueszs, and suff1c1ent cholesterol is essentlal for good

health ?h//plasma cholesterol is only a small fractlon of

the total‘body pool, yet it has been the sub]ect of much

interest since it seems to correlate .with the degree of

atherosclerosis present in the body"'Much of our "knowledge

of choleSterol metabollsm has been derlved from studies

&
deallng with atheroscler051s, but is directly relevant to

biliary cholesterol metabollsm; As w111 be\explalned later,
‘ , : : £

". the metaboliém of cholesterol bile salts, and blllaryw

' cholesterol excretion are all 1nt1mately llnked

1

., . . , '-n . -“‘“'1
Sources of cholesterol are endogenous apd exoqenous .

ii)'SOURCES.OF CHOLESTEROL o - 2M' ;

A .vb'_'> ;’pﬁ, .

(dletary) . - o | e ARt
Human beldﬁg appear to absorb’ chole§terol in the ranqe_“
o of 20~ 50% of that ingested regardless of the concentration
| 1n the dletzg - The average dietary intake of cholesterol in
the North American diet is 500 mg:‘bér day, which represents
about~0.1% of the total-daily dietary intake of dry solid
‘nutrlents; Cholesterol ls present in high’concentrations in
red meats, seafood,.and animal fats. Plantxfoods are almost
devoid of cholesterol. .Bile acids are fessential for

efficient cHolesterol :absorption,'mand the absorption of

8 N o ' f\\,»f

N
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dietary fat and \fat' soluble vitamins would be maf%edl&

impaired without them30

consists of exogenous cholesterol,-biliary\cholesterol, and
cho}esterol derived from desquamated cells, It ﬁs‘hbsorbed
almost  exclusively by way = of intestinal lymph as

e

chylomlcrons.

The intestinal cholesterol®

0

L

a

Other sources of cholesterol are endogenous synthes1s

in the llver, ,1ntest1ne, and peripheral tlssues.' These °

: . { . L
‘tissues produce cholesterol for their own use and for

‘export. S .

{

. iii) SYNTHESIS

Every -animal tissue is capable of some degree of

cholesterol syhthesiszg.n The two major sources of

'endogenous cholesterol are the liver and the 11eum3o. The

’

* Jrate -of . cholesterol 'blosynthe51s appears to be under at
'.m~ .

least two controls, that is the avallablllty of cholesterol

and the actual bile acid levels. D}fferent tissues vary in

response to these mechanisms.’
Liver oholesterol synthesis 1is largeiy 1nversely
‘proportlonal to the cholesterol content of the dlet . The
llver responds to changes in 5lasma levels of cholesterol

contalnlng chylomlcra rather than lavels of high- den51ty

(HDL) or low-den51ty 11poprote1ns (LDL)28 32

‘synthesis is not a major source of plasma cholesterol28 33

The 1ntest1ne is very ‘1mportant quantltatlvely as a

source of endogenous'cholesterol, it_may'contribute more by
31

blosynthe51s than the liver Intestinal biosynthesls is

In man liver
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‘regulated by the ‘intestinal concentration 'qf nge‘

salts28 31, and does not appear to, respond to \blasma

L “ : -~
cholesterol levels.

There are several fites p0551b1e for the synthesized‘

N

cholestarol. It can be 1ncorporated into cellular membranes

»

or plasma lipoproteins, _ secreted into, the ‘bile . as

cholesterol, transformed into bile salts, or stored "as

T

cholesterol esters.

iv) CHOLESTEROL HANDLING IN THE BODY
Virtually all plasma cholesterol‘is 1oose1§ bound to

llpoprotelns whlch have evolved to facilitate chol?sterol
- - Uy

transport. Llpoproteins are spec1allzed systems which serVe° A

tx>§%lubilize and transport'cholesterol, triglycerides, and

L

phospholipids which are otherwise water insoluble,,through

plasma from sytes of lipid absorption and‘synthesis to sites

of storage an ut1112at10n30 : ] v

There are 4 major classes based' on electrophorésis

‘r

characterlstlcs and centrlfugatlon welghts30
,thlomlcrons .......... ,.,..;..non-mlgratlng lipoprdtein 3
viDL..... RSP A R pre—ﬂ-iipoprotein
' LDL.....; ..................... ﬂ-}ipoptotein ‘
~ HDL....... f e er e, ‘.....1ﬁd—1ipoproteins &

HDL, fLDL and VLDL'(very low—density) llpoprotelns are:

-

.spherical partlcles w1th a neutral lipid core’ (trlglycerldes

and cholesterol ester) and a surface made’ up of the a or 8

‘uapoprote;n, cholesterol aﬁd phospholipid3of32. Some species

32 -

yariation in t&s -lipoproteins does occur They are |\
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synthesized mainly in the liver, although'the intestipe does

. : —
contribute some VLDL and HDL. LDL is largely if not totally

derived: from catabolism of vLDL>?732,

Chylomicrdhs are formed at the intestine and ‘carry

.

dietary trigixcerides to the \plasma and tissues. VLDL are

similar to chqumicronsBol s

The plasma HDL and LDL appear to be the 1ipoprotéins
' most involved in cholesterol metabolism related to gallstone

disease. LDL appears“to;be used in transporting native and
) P
! &

esterified cholesterol to peripheral tissues. Studies have
shoWn;that:f;broblasté possess specific LDL receptors, ‘and

the bulk of plésma cholesterol has been shown to be

geliveféd to peripheral tissues via LDL>C,

The complete metabolic functions of HDL are unknown, b

ar

but it may play a role in triglyceride clearance, and
cholesterol esterification in the plasma. HDL also appeafs

to play a rolé in removal of'cholesteroi from the peripheral

tissues, the HDL acting as a reverse transport vehicle3?.

o

It acts to bring cholesterol to the liver, the major site

3

for cholesterol breakdown and the major site for HDL and LDL
removal from the plasma. HDL also appears to block LDL °*
' deposition by competitively binding the LDL receptors3o. ’

.
s X e

T——

V) EXCRETION

" The concentratién of cholesterol in tissues in mammals'
is ultimately controlled Hy.ghevrate of its elimination from
the metabolic pools. It can be eliminated by urine and

fecal routes, ~epithelial - slouqhing,l and sebaceous

el

NN
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© precursor for hepatic bile synthe51s

12

secretions. .In human urinary iossedﬁare negllgible, skin

losses amount to abod: 83 mg/day, and epithelial sloughing

is negligible. Feca&' excretion is in the " form of free

cholesterol - and as z;%e a¥1d528'30. When fecally excreted

as b11e acids: or chotero] it is sub]ect/ to reabsorption

Bile “;i plays ah important: role in

b0

main&aining 'cholestercfﬁigomeostasis because cholesterol
breakdown to bile aclds and their excretion atcount for the

majority of cholesterol which is removed —from the
30,34,35,36 ‘

body - At least 60% of radioactive cholesterol

injected 1nto rats 1s converted and excreted as bile acids
30

-

w1th1n 15 days
There is some disagreement as to whether the rate of

cholesterol secretion is correlated with the rate of newly

syhthesized cholestérol3’. Aas well, in man increasing

dietary intake results .in an increased loss of neutral fecal

steroids, but the fecal excretion of bile acids does not
38 - '

appear to increase This is different from animals which

do appear to increase their bile ac1d excretlon28

Not all liver" cholesterol has equal access. to the

enzymes of ‘bile acid synthesis39. It has been suggested

that newly synthesized cholestero% is the preferred

40,41,42, 43 There

?
appear to be deflnltlve hepatic cholesterol precursor sites

4

associated with thé synthesis of bile acids and the

secretlon of “biliary cholesterol44 45, These sites derive a

Substantral,proportlon (70%) of. their cholesterol from the,

n
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plasma, and 60% of this cholésterol‘is unesterified. In
studies with .a patient ﬁ&th \g .bile fistula, the free
labelled cholesterol from“HDL was more rapldly incorporated

‘into biliary cholesterol . than ffee cholesterol' from LDL.
- These findings indicate that the liver in mah‘selectively

utilizes and secretes free cholesterol from HDL46

rather
tha; LDL47, supporting the concept that HDL piéys a role as
a reverse cholesterol transport vehicle from the perlpheral
tissueg to the 11ver3o.45 46.

The other major route of biliary excretion is as native
'~ cholesterol.- Approximately 80" of biliary cholestgrof is
deri&ed ffom'the plasma cholesteroie4. .it has been show;
that HDL-cholesterol is more rapidly converted into_giiiary°
cholésterol than LDL-cholesterol?>. The- bile saéﬂration
index has been shown to be negativély correlated with the
HDL—choigsterol level, and this has béen taken as Lroof of
the clinical corfelation of the risk of gallstones and.
atherosclerosis coex1stxng in patlents 8 . . When hepéfic
cholesterol synthe51s increases in response to a need for
more sterol in the body, a greater proportion of biliary
'éholesterol is deri;ed directly from newly synthesized T
sterol; but total biliary cholesterol output jis unchangea.
In contrast, when more-cholesferol is synthesizéd than is
needed to ma{rtaln cholesterol balance, blllary chqlesterol
-output may increase. Such excess biliary sterol 1s derived
primarily from the transport of newly synthesizea\ sterocl

‘directly across the candlicular membrane*?. ‘ i
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In summary, choIesterol metabolism is closely linked to

bile salt metabollsm Cholesterol from plasma and newly

synthesized liver cholesterol both can be used for blle salt

synthe51s and excretlon of natlve choLesteﬂol into the blle?
~

and gpese account for the vast majority of cholesterol lost

from the body.



i) INTRODUCTION

The functions of bile acids in the gastrointestinal

tract are: : R

4

1. Detergent function of dispersing and solubilizing

%

dietary fats for hydrolysis and absorption, '

2. Activation of some pancreatic lipolytic enzymes,

L

3. Stimulation of secretion of water and salt from the

small and large intestine,
&»

4. » Effect on the motility of the intestine and the

. . . . * o ’
secretion of 1ntest1na1.hormones5 .

Within the biliary tract bile salts ares essential fgr_
solubilizing cholesterol. They do this by formation of
micelles along with phospholipids51v 4

Bile - acids form . the major' catabolic péﬁﬂway of .
choleéterol ‘excretion, and . they 'Are necessar? to “allow
native cholesterol to be solubilized and excreteé'in the

bile.

/1i) SYNTHESIS ,

Endogehods versus exogenoung, and newly synthesized
versus equilibrated40 cholesterol have been examined as the

preferred substrates for bile salt synthesis, and all ‘are
30 '

.

‘possible substrates] . In the intact rat newly synthesized

¢

liver cholesterol has been shown to contribute 25% of the

‘bile acid pretursor, 75% of the bile acid is from plasma and

e . .
other cholesterol®2. In man 31% of bile~acid precursor

- .

Ig\\ ' ) -
] o
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~where " bile fistula prevented recycling

€d

16

cholesterol was estimated to be newly synthesized in a study
44 Therefore iylw
would appeariphat bile acids are synthesized from a mixture
éf' dietary and endogenouélyi synthesized cholesterol.
However, there are no studies ©f animals on a cholesterol
freevdiet53.

The primary bile acids “(cholic and chenodeoxycholic
acids) are synthesized in\thq_liver. The rate of cholic
acid syntﬁésis " is  normally about twice that of
chenodeoxycholic acid54, and it is formed via a separate
metabolic pathway from chenodeoxycholic acid in man>>.

Bile acid synthesis can be inhibited by oral or
intravenously infused bile acidsss. The enzyme cholesterol
7a~hydroxylase is the first and the rate limitiﬁg step“.’57
in the metabolic pathwa&ﬁ

f/The‘ short term regulation of cholesterol 7a-

{ . :
hydroxylase activity is thought to be by an interconversion

betwee phosphorylated (active) and. a dephosphorylated
(inactive) formsel The interConversion appears to be
mediated by cytoéolic factorssg. Acyl-CoA: cholesterol

-O-acyltransferase - (ACATase), another key enzyme in

cholesterol utilization is also ’ activated by

phosphorylation. HMG CoA reductase (the major enzyme in

cholesterol biosynthesis) activity is directly linked to the
34,60

activity of cholesteroli7a-hydroxylase . It may also be

regulated by phosphorylation and dephosphorylation, the
61

Vphosphorylated form being inactive . Thus the hepatic

concentration of cholesterol may be controlled by the
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coordinate control of 'phosphorylatiOn of the  three

'_,enzymes61 62 v“ ' M N e

e

In man the major controlllng factor over the rate of

blle salt synthe51s appears to be the amoun - of blle salt

‘returnlng to the llver from the gut ‘via the. p rtal vein.

i When b11e salts are prevented from returnln %. the liver

. the ‘rate of Dbile salt synthe51s 1n-‘the llver increases

mahyfold} "Bile acids (with 'the exceptlon of 11thoch011c
».n\’ .

\ ac1d) are choleretic agents,vthat 1s they w111 1ncrease the
A

L %
blle flow ‘'when infused 1ntravenously ; and there is a close

relatlonshlb between bile flow and the hepatlc excretlon_‘

rate - of b11e ac1ds~3 ' Acute 1nterruptlon wof the

enterohepatlc 01rculatlon of. blle acids: 1n man by d1ver51on
of brle flow causes the rate of bile secretlon to decrease
by 50% From these observatlons has evolved the concept

that bile acids regulate their own synthe51s by a ‘negative

1

; feedback: mechanlsm 1nvolv1ng' the rate llmltlng enzyme of

blle ac1d synthe51s cholesterol 7a-hydroxylase. Chollc ac1d
feedlng has been .shown to -suppress the act1v1ty ‘of;

'cholesterol 7a-hydroxy1ase, wh11e cholestyramlne lncreasestx

\
o i

the act1v1ty “and cholesterol feedlng has no effect

| Feedlng chenodeoxychollc. ac1d usuppresses 'chblesterol Ta= ’
hydroxylase act1v1ty even nore “than” chollc a01d feedlng
Conaugated bile- salts appear to be about tw1ce as. potent 1n
suppress1ng blle salt synthesrs as unconjugated salts, and
therefore coloﬁKC< deconjugatlon may be a determlnant of

overall bile salt synthe51s§§

51nce up to 30% ofkthe blle

3

oty
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salt pool is \deconjugated"duridg .each cyclé of ' the.
enﬁ§%§ﬁepaticncirculation. :

ing bile acid syhfhesis is

1)4 . N
B :

: Aﬁotﬁer mechanism for regula

cholesterol avallablllty " As ha been vpreviously said,

newlyj synthegazed cbblesterol i believed to '‘be the

preferred substrate\"forV'bilegéaéid synthesis®1r%%  put
dietary cholesterorris converted as well®4r46:47 Bile’acid‘

synthesis and secretion is increased when the heﬁ%tocyte

cholesterol pool 1s 1ncreased by feedlng a: cholesterol rich

@

‘dlet

iii) ENTEROHEPATIC CIRCULATIN
In the enterochepatic circulation of biles acids, the

acids are secretedﬁby‘theiliver»into-the bile, reebeorbed‘

from the intestiné, returned ‘to .the 1liver by the portal

v o _
vein, and then\reseCreted by the liver. The- enterohepatic

| circulatioﬁ:isbthe‘body's method for conserving bile acids.

~

'vThe prlmary blle ‘acids that enter the " dolon are

’Vbacterlally transformed into eecondary bile acids. The

vsecondary»blle-ac1ds_1n man are'deoxycholic, lithocho;ic,“

’and' ursodeoXycholic - acids, and they have their own.

54

. enterohepatic circula®ion®*. .

The enterohepatic circulation is relevant to ‘the

chemlstry of blle a01ds because 1t 1nfluences the biliary

blle a01d comp051tlongr It ‘has‘ been‘ found that
chenodeoxychollc ac1d conjugates are conserved to a greater

degree than those of chollc ac1d and therefore the bile

A\

‘~—~5\\\\‘
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‘ becomes preferentially enriched- in‘;chenodeoxycholic, acid
Aconjugates. ". |

A Most of the mass of the blle acid pool is ‘in the small.
intestine (97%)/” and the rest is in the liver. One’ to 5%

e
of the pool 1s excreted Qally, and 1n the steady state thls

amount 1s replaced by new synthe51s3o. ‘_ . )
The ileal reabsorptlve process is compet1t1<; for the
dlfferent bile ac1ds49 68, and 1s sodlum dependent69 70

.

Ileal actlve transport fac111tates rapld absorptlon of b11e
'a01d conjugates in the-11eum71." ' o ‘

Bacterial modlflcatlon begins in. the"d;stai ;smail
intestine, but most of the bile acids are reabsorbed from
the small intestﬁne»before‘bacteriallmoéification can dccur.
The, small fractlon of blle acids which escapes actlve or
ﬁfass1ve absorptlon in the small 1ntest1ne passes 1nto the

2

colon where it is’ essentlally\ totally blotransformed‘ by
tbacteria7?. . . L ‘

The fate of secondary blle ac1ds oependg/upon their
1ntr1ns1c physical properties," ‘thelr 1nteraction with
luminal cohtents such“‘as_ foodl residues and lbacteria,-\the
passive ‘permeability of the large,intestgpe,>and probably
theirvresioence time in the”colon}“,A fraction varying from
20-50% is reabsorbed54. Sinde;non—ionic diffusion is rapid,
at normal bowel pH free:bile salts are absorbed better than
glycine conjugates,: and taurinea.conjugates are/}almost
totally oependentA upon active ileal reabsorptlon30
Reabsorption of :dihydroxy acids (deoxychollc : andv

chenodeoxyéholic acids) appear to be similar to and perhaps'
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even better than.cholic acid’’. Taurine conjugated’ and .

conjugated' trihydroxy bile salts are .transported more

readily than glyc1he conjugated -and conJUgated dlhydroxy'

bile salfs, respectively 8& ' : @
Lithocholic ac¢id residues‘are sulfated and therefore
are not reabsorbed to any great extent62 72 78. This has

survival advantages as llthochollc acid is hepatotoxic when

fed to anima1554.

About one-half of the- dedﬁychdlic acid . formed is
. " N (\‘ N

-reabsorbed and passes to the liver The enterohepatic

&’«‘ L}

circulation of deoxychollc a01d may have some relevance to
.ChOlellthlaSlS, since f‘several studles suggest that
deoxychollc ac1a 1nduces the formatlon of a supersaturated
bllebg, and there is a hlgh negat&ve correlatlon between the
‘ proportlons of . deoxychollc acid in b11e and the degree of

bile saturatlon with. cholesterol80 An increase in the

rec1rculat10n of deoxycholic ‘acid reduces the amount of

chenodeoxychollc ac1d in the bile by selectlvely suppre551ng

59,81

1tS»synthe51s Deoxychollc acid mlght therefore be an

important determlnant of cholesterol saturatlon in bile
(4
51nc£wgt suppresses synthe51s of the one bile salt knewn to

decrease the secretion of cholesterol82

Ursodeoxycholic acid is formed from chen oxycholic

~acid via intermediates. Colonic bacterla are resp n51ble83.

"In humans the passive ionic and non-ionic “diffusion

recovery bf_bjle acids in the colon ‘has been estimated at

RPN

-about 200 mg/'clay'84 but ‘is not considered to be. a

51gn1f1cant phenomenon quantltatlvelyBO

/.
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Secretion end metabolism .0f bile s&lts,kdepend upon

their hepetic:uﬁtakeﬂfrom’the portal blood. Interruption of

" the enterchepatic circulation results in accelerated
synthe51s of bile acids and restoration or enhancement of
bile acid flux inhibits synthesis ~ The mechenismvof the
effect is unknown3o, but it is known that the nature -of the

"bile acids returning to théallver caﬁ 1nf1uence the ehzymes
’ regulatlng their metabollsm86
The feedlng of any bile acid results in - enrlchment qf

it and its . secondary blle a01d in the enterohepatlc\

circulation54. Bile salt fed'anlmals secrete more bile than

controls and the glven bile salt predominates in the blle31

Feedlng small amounts of decxychollc ac1d ralses the
:blle cholesterol saturat1 leadlng‘to the suggestion that
1ncreased.return of deoxychoulic acid to the liver alters its
metabolisn; to favor the secretion of bile supersaturated -
with chelesterelaz’ Since deoxycholie.acid is formed in the.
colon it is suggested,hthat populations with high coleQnic

'aaforption of metabolized cholic acid {(that is deoxycholic

acid) have an 1ncreased dlsp051tlon to form gallstones82

»

The effect dlsappears when larger amounts of deoxycholic

87, 88 89'

ac1d are given The efféctxls-possibly due to an

enlarged deoxycholic . acig pool suppress%ng t hepatic
chenodeoxycholic acid synthesissl. }

/- .
Giving chenodeoxychollc or ursodeoxychollc acid 1n
[ ]

humans diminishes . the output of cholesterol in the

b11e9° 91

,and reduces biliary chblesterol saturation. This
results in the cdnyersion ' of saturated bile to the

~

&
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unsaturated state86'92'93’9£ : : exae’ mechanism is

unknowngs. When cholic acid is fed the blle is composed

predomlnantly of ChOllC “and deoxychollc a01ds and7 the ~
chenodeoxychollc acid synthesxs rate decreases b& 50%91

Tp;s is believed . to oceur because chenodeoxycholic acid
suppresses . . hepatic cholestero;, but net bile acid

secfetion90’9§’97; a property not shared s.by cholic

acid86’90’94’96 Taurocholate suppresses the actlvxty of

both HMG - CoA reductase and cholesterol 7a~hydroxylase, bdt‘.
_taurochenodeoxycholate (and ursodeoxycholate) apparently

reductaseas'gg, implying ° that

affeét’J'enly . HRG

taurocholate suppresse¥ both cholesterol and ’bile-‘acid

synthesis, while»taurochenddeoxychoiate”and ursodeoxycholate.

suppress only cholesterol synthesis and permlt a normal rate

of ,bile’ acia productlonse. " These effects have "allowed

chenodeoxycpollc and ursodeoxychdlic acid to be used as

ipharmacological agents* for the treatmernt of <gallstone

dlsease100 101 ~ There have been many trlals that all show

7

bile desaturation results from admlnlsterlng adequate oral
dosages' of chenodeoxycholic or ursodeoxycholic ‘acid. This.
occurs “ in almost all patients, and after 1 to 2 years 'will

result in dissolution of radiolucent gallstones in the ™

162,103

majority, of patients who ingest optimal dosages The
1LY, ents ;

‘use. of" chenodeoxychollc ac1d and development of other:'

E]

desaturatlng agents has beéen . hampered - by the lack of an

animal model of.chqlesterol,gallstone dlseaseg?.

L

Most patients with cholesterol gallstones that are not

obese have a reduced bile acid pool size within the
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' enterohepatic circulation .. A small pool size could lead

to decreased bile acid secretion -and oversaturation of bile
with cholesterol. There are three possxble reasons'for a

small pool: increased losses, decreased synthe51s, or

1ncreased cycllng frequency. .There is evxdence to suggest

104

that decreased cholic ac1d synthesis and a‘feduced level

of hepatic cholesterol 7a-hydroxylase activity105 occur in

patients with gallstones.

iv) COLONIC METABOLISM

¢

Under normal,coaditions the debonjugation of bile acids

occurs in the terminal ileum, cecum, and colon with

consequent prec1p1tatlon or adsorptlon of the blle acids

51,73, 74

onto fibrous materlal it has been ‘shown that

deconjugation_ by Spllttipg the peptide bond occurs in the

cecum74'7§. .The bile acids are then converted into

76, The fecal end products are so -

secondary bile acids
varied 1n ‘structure that their qualitative a quantitative
assay pose a dlfflcult task ‘ ‘ D
Most if not all fecal'bile acids are‘uncbrijugated31
and asihas,been-previously stated ccnjugated bile/acids.hate‘

1

a greater rability to "decrease bile acid . synthesis.

Deconjugatidn and dehydroxylation are mediated by the

bacteria of(the’colon, and the effects of maﬁipulating the

colonic flora are interesting.

Human *studies show that -antibiotics have a profound
effect on bile. ' When bile acids are metabolized by gut

flora the end products are toxie w%tg lithocholic,acid being
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the most tbxic106. , In raté; gut skerilization: with

antlblOthS 1ncrease; the blologlcal half-life of cholic
acid. Antlbyotlc administration in plgs resulted in a.
'signiflcant reduction in the half-life of chenodeoxycholic
_acid, from 6.4 to 5.7 daYS106; ehénges inTbacterial flora
affect -bile acid excretion. | When germ free rats are fed
cholic; acid, only taurécholate is found in thelr feces.
Bile acid excretion 'is  lower than normal’ in germ freg
rats®. | |

Metronidézole (which isayéctive' againgt many colonic
bacteria)‘ when éivgn ofélly- reduced the proportion of
deoxycholic  acid iﬁi the bile, taised ~ that of
chenodeoxycholic acid, %ndﬂ'loﬁered the bile cholesterol
éaturation107._ - ' | " | .Q

The addition of lactulose to the dlet réduced
deoxycholic acid and 1ncreased chenodeoxychollc acid levels
in the bile 51gn1ficantly Bile . was 1n1t1ally saturatod
with cholesterol and 1t became less saturated in all but one

patlent ”f’ Lactulose"ls metabolized in the colen and

reduces the pH to about 5.0. In vitro, 7a-dehydroxylation

of bile acids ig inhibited at a » of - - 6,592 4 Thus the’
expected result from lactulose < i rez5@ in primary bile
)

acid metabollsm with a decreas ¢=.+ . holic -acid and an

increase in chenodeoxycholic ac.-i, ~=ulting in a reduction

. . . : . "y . 09
in bile saturation. This lsbwhatuwQ@ uuservedl .

The colon affects many aspects of biliary homeostasis.
Because of'the‘ﬁrequent.coincidence of a high groj%rtion of
dedxychdlic‘écid in bile and cholesterol gallstore disease-

N ' ‘
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it has 'been.=éuggested that there could be a causal
L

82,110
‘.

relationship betyeen them This hypothesis has been

“

formulated based on circumstantial evidenpe that deoxycholic
‘acid absorbéd from the colon may also in’normal subjec&s
without gallstones inhibit seleét@veiy hepaticlsynthesis of
cheyodeoxycholié{ acid; thereby enhancing. 'secretion of

supersaturated bile and subsequent gallstone

81,111

formation However, other studies have not supported

this hypothesis. In one, an assoéiation of high deoxycholic
acid absorption'and low préportion of chenodeoxycholic acid
in the bile was féund onlyzin a gfoup of ‘older' patients.

There was foﬁnd,to bé sbme degree of inhibition: of cholic
acid syhthesis,in the older group. Overall, the data seemed

to suggest that obesity is a stronger A determinant of

-~

cholesterol supérsaturation in bile than deoxycholic acid

absorption. from the colonlt?.

v) -EXCRETION
Diet 1is known to influence bile acid excretion.

Dietary cellulosell3, bectinll4, ligninlls, and soybean

meal116 habe;alllbeen shown to increase bile acid éxcretidn*

rates. Ingestion of pquunéaturated fats also appears to
117,118

increase bile acid excretion .. The interest iA this

type of work lies in the possibility that in spite of the
3 . ‘ v . \ . - .
many metabolié‘checks and balances, enhanced fecal excretion

6f'lipid will drain away the body's excess cholesterol >.

>

Cholestyramine, whichubinds'bile acids and drématiéally

increases fecal losses, has a very marked effect in causing

4
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a large increase in both ‘cholesterol; and bile acid-
synthesis, the bile acid increase being almost twice that .of
cholesterolg4. _ ‘ |
In summary, bile acids appear to réaulate their own
syﬁthesis through negative feedback éontrol on the liver.
ihis'feedback also alters the spectrum of bile acids*present
in the bile. The enterohepatic circu}ation. and colonic
'metaboiism of bilés acids may: be imporﬁant in gallstone
disease since * increaséd vlevels .of deoxycholic | acid
apparently inhibit synthesis of chenodeoxycholic écid but

not of cholesterol, and result in an increase in the biliary

cholesterol saturation. ) , . :

"
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DIETARY CONSIDERATIONS

The incidence of gallstones has, been related to the

3,5 *

dietary intake of fiber Other authors have pointed to

-~ the intake of refined carbohydrétes as  _the

i“culprit3’5'119’120. Consumption of saturated)animal fat is

»
’

- not implicated in the causation of gallstones, as

unwestefnized Eskimos and Massai tribesmen who ingest large

F]

amounts of animal fat rarely get gallstones. Stones are

indugﬁed in dogs and hamsters by feedinq high starch and
. L
3 -

sugar diets + not by the addition of sat@rated animal fats.

The effects of these diets can be reversed by the inclusion

77 of fiber121{ . *

.

~

i) CARBOHYDRATES

The .pfopoﬁéhts of a 1linkage between the intake of

refined barbbhydratés and gallstones point toﬂ threé
circumstantial proofs:

1. “Sinée the {ncidence of gallstones “is

higher in all of Western Societf there must be a

common factor. Carbohydrates in‘Westernlsociefy

are almost all refined, whereas Africans eat

‘almost no refined carbohydrateé. Eskimos have
only = recently been - exposed to - ;iifiﬁéd -«

‘\ carboﬁydrates, but - qui¢k1y introddced. large ‘(
amounts into their- ‘diets and are now suffering
from increased rates of cholelithiasis, as well és

L&l . 7

dental caries a%%fd@esitylzz.

2 1



28

2. Refined carbohydrates cause obesity

¢ because they have a high ratio of energy intake to

satiety123; and obesity is a risk factor for
gallstones.
3. To induce cholesterol rich stones ‘in

éxperimental animals it is necessary to give thenm
a diet rich in refined carbohydrates. ’ Such diets
cause suppression of bile salt synthesis' by the

liver and hence a small bile salt pool results>

ii} FIBER

| Far from being the inert éubstance it was once though£
to be, fiber can Be shown to have a variety of physiological
and biochemical effects on. the digestive system79. Most
experiments with fibér test it in an artificial form
stripped from the nutrients whlch it normally encloses, and

>
thérefore the tesults of such studles must be guestioned.

- Bulk fiber in the diet displaces nutrients, slows the

intake of sugars and starches (because the fiber increases

food bulk and requires chewing), and it reduces the
absorptive efficiency of the'gut123. The source as well as
the size of the fiber‘particles may be important124. Coarse

bran flakes produce greater effects-than fine bran flakes$ on

colonic tran51t time in patients with constlpatlon125

Fiber enriched diets have been observed to change
lcholesterol saturated bile to an unsaturated
state126'127’128. However, when fiber is given to healthy

Volunteers with unsaturated bile there is no change in the

4
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-cholesterol saturation indqxe or the' mean percentages of '

cholesterol, bile acids, or phospholipids in the bilel29.

In saturated bile the effects of bran show an intriquing
. i \ . ‘

similarity to the mgre potent effects of feeding

chénodeoxycholic acid, and are opposite those of feeding

. deoxycholic acid79. The - mechanism by which bran influences

[4 .
In one study subjects
) \

cholesterol segfetion is unknoyﬁ.
. (- .
with \probable cholesterol gallstones ate. refined and -

unrefined diets for 6 weeks. As expected the cholesterol

.saturation lnde#'wag significantly lower on the unréfihed
diet. -~ On the refined diet the bile contained relé%ively
less cholic and slightly more deoxycholic acid. ,There were \TW
no significant differendes in the total bile acid poor
sizes, or in the rate of primary bilegacid synthesis or.
fractionall turnoyer. )fhe conclusion was that the
conéumption of .refined carbohydrates’ /%ﬁcreases ‘bile
128 '

cholesterol saturation Similarly, in rats fiber

ameliorates the effects of adding cholesterol and fat to the

121 ! ‘

dieg When added to the diet, wheat bran=Canjreduce the

intestinal uptake of cholesterol, thus affecting the levels

of circulating stesoidsl3o.

| When pigs were fed a
Cholesterol free mash diet versus a semi;purified diet fecal
bile écids increaséd about 3 1/2 times on the mash. .ﬁepatip
HMG CoA activity levels ‘also increased. It was inferred
that the changes were secondary to loss of -steroids -in the
fecésl31. '
Possible effects of fiber on bile salt metabolism

include:
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1. Alteration in gastric emptying and small

bowel transit rate, which would be expected to
affect the frequency of enterohepatic 'cycling. ~
This has not yet been studied.

2. Fiber might act like an ion-exchange
resin and by binding»gile acids ﬁight influence
their absorption by the small bowel, cologic
metabolism and/or reabsorption by the colon.

3. By alte}ing the physical, chemical, and .
perhaps bacteriological environment of%the colon,

“‘ ~N
HMetary fiber might. influence the colonic

metabolism and abgorptjon of bile acids79.
The consequence is alteration of the quantity and type
of bile: acid returning to the liver via the portal vein,

This is known to play a regulatory role in the new synthesis

of cholestefol and bile acid79.

BINDING EFFECTS

Since small bile salt pools are found in subjects with

supersaturated bile126, and since the pool can be decreased

by feeding animals fiber depleted sugar or starch diets,mltf‘ﬁr

is possible that adding fiber to tde diet might expand the
Y r . .

bile salt pool and increase the amount of detergent

available to solubilize.cholesteroL in the gallbladder132.

Raw wheat bran when fed " to volqnteers causes

A

chenodeoxycholic acid synthesis and pool size to increase °

\
significantly. Deoxycholic acid pool size decreases, cholic

1acid synthesis and pool size are unchanged. When the same
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,bran was fed to patlents wr}h presumed cholesterol stones

'thelr blle became s1gn1f1cant1y less..saturated The

conclus1on was that bran probably acts in the colon to
'reduce the formatlon or absorptlon of deoxychoﬂ;c ac1d

substance which impairs chenodeoxychollc acid synthes;sl32.

- \

COLONIC EFFECTS
. The  slow passage»of material through the colon allows:

v'for' prdllflc bacterial growth and 1ncreased dlgestlon of
2. g
flber133 ' » o ~>' R

Wheat bran can alter intestinal and COnsequently
hepatlc b11e ac1d metabollsm and in some cases -can decrease
bile cholesterol~saturatlon. “Such studies confirm that what

takes a plade in | tbe‘ colon is of some importance
54, 82

>

systemlcally . Pos51ble cdlonlc effects of fiber are:
1/<* Some ‘flber (e.g. pectin) is almost.
totally- fermented .in the _coion. ’iFermentation‘
resuitslln a much larger'total‘bacteriaf‘cell mass.~
“in the colon and thlS may result in more 7 a-
dehydroxylatlon o ’ : L
2} ﬁith fermentatlon the pH of the bowel
_W1ll fall . and this will result 1n‘ lesst 7‘ a=
'dehydroxylation; ' e
R 3. LesS‘primary bile .acig may_be available
-for degradation because owatrong‘bindinQ to‘fecalv
i residues, decreased .tranSLt. tlme (and therefore
‘less" : tlme ,»for .*_j dedradatlon : gand

"reabsorptlon)l34 135, and/or a larger feCal_mass
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" (and, therefqre- a decreased ®oncentration of .
v : : \ ' ‘
degraded - bile salts = available. . for

‘reabsorption)lzg. ‘ o -

4., Increased transit rate means that colonic
bacteria’have 1esshtime to acﬁ on the bile acids.
5. The bulk effect of the bran may preventv

physical contact between‘ the

e

ilée salts and

cdlonic ‘ bacteria ~ “and  thejilfore  decrease

~deconjugatlon and dehydroxylatlon of Sﬁollc and-

' chenodeoxychollc acids. ‘

. The eﬁfects of bran are proﬁably lﬁﬁited to the»colcnn
where ic' decreases cholic acid' metabolism or deokycholic
'acid metabclism, or both79. It has been shown that feedlng~

bran results in a decreased deoxychollc (secondary bile

acid) acid level in the bile 128’136 These'effects have

been observed to be 1ndependent of the changes in tran51t

tlme and 1mply that bran reduces the colonlc blle salt

degradatlon136. S - ' S » '.",,'

fn_summary,.a'laCR of fiber may be very'important in

‘the pathogenesis of gallstones‘since‘fiber can unsaturate
. - . G, . " .

" bile - well as altering the bile salt profile. The effects

of bran appear to. be twofold. First it decreases the.amount

e - | |
of carbohydrate intake, and secondly in the colon it affects
. » . : Y, ‘

the bile salt metabolism. ;&'



<th1gghormally herblvorous spec1es

ANIMAL, MODELS OF GALLSTONE DISEASE

- - [V —

. -

A _genetically susceptihle, ‘spontaneous ‘and | naturally
occurring animalu:MQdel for-'human' cholesterol gallstone
diseaSefls'yetitohhe identified. The inductlon of stones in
an aninal model.eSsentially depends‘upon the achievement of

bile supersaturation in the given species, and there are
’ 137

'only a 11mited number of ways to° produce thls . Some

pr;mates can be induced to have cholesterol cholelithiasis

only with prolongeg feeding of” choleSterol rich diets. 1In'

“work with hamsters; stones canabe reliably induced with a

dlet that. 1nduces essential fatty’ a01d def1c1ency and a
consequent marked increase in total body (and espec1ally
hepatic)-\choleSterol syntheSls The work -to the present
2t1me has been arned at characterlzlng the effects of altered
llpld vmetabollsm;,h There .has never —been any'_serlous

ﬁuggestion ofgﬁjrect relevance to human gallstone disease.

The use of prairie dogs is difficult since they are somewhat

'dlfflcult to’ handle and are seasonally unavailable. Thé& use

“of “a 1 2% cholesterol diet does induce gallstones, but "also

&

71nduces a str%klngly unphys1olog1ca1 endogenous overload to

137@ In animals the major

i

: portlon of 1ngested lipid' is in the form of triglycerides,

32

-but small amounts of cholesterol are also present ' M;ce

gan' be lnd'ceu fto stone formatlon on a-  cholic acid
137 ‘

o % ] ¥ 8

cholesterol diet
.@-“

s s 33



" then maintains an equilibrium for Several days

THE PIG AS A MODEL OF GALLSTONE DISEASE

Swine have long been used in studies oﬁ_ cholesterol

metabolism because they are more like humans . in response to

o

high-fat, high- -cholesterol diets than are"most, other

experimental animals 1nclud1ng subhumah primates, they eat

=v1rtually all of ‘any reasonable diet, “and they develop

.

atherosclerotic lesions that are similar in many ways to

those in man138 139. Swine are also 51m11ar to man being
‘omnivorous, ‘and - having a similar digestive - and
cardiovascular- systemlqa. Excretion of bile acids is

249-317 mg. /day on Qarious diets, which is‘almost identical

to that in man._ The pig like man has little ability to

sequester large amounts to excess 'cholesterol in tissues

other than arte » and plasma,'and the liver can store only

ol
.

mogerate amountsl38.“ In swine (specifically miniature pigs)i

e 3 . . . - .
cholesterol kinetics and' fate - seem 51milar to those 1in
30 )

-man” . . Bile ac1d synthe51s from administered cholesterol

begins within 15 minutes, reaches a maximum at 6 hours, and
141.
Gallstones are occasionally found in pigs, and usually
are composed of calciuh salts of lithocholic acid»as'well as
3-be£a,6—a,edihydroxy-s-ﬂ;cholanioiacid142.» Pigment.stones
are seen in swine, mixed stones are’lesS’common\but“are seen
as we11143,144 '
Presumably the pig has a vegetarian as opposed to a
carnivorous b11e145. The pig has seven bile acids present

in— its;-'bile' (Figure 2.). " Hyodeoxycholic, »_hyocholic

34



B

. : THE BILE ACID SPECTRUM OF THE PIG-

(modified ffom Ref. 147) .

MAJOR CO&STITUENTS

HYOCHOL.IC ACID

CHENODEOXYCHOLIC ACID

-

MINOR CONSTITUENTS

3-ALPHA, 6-BETA
DIHYDROXYCHOLANIC ACID

H 1
OH
3-BETA, 6-ALPHA

' -DIHYDROXYCHOLANIC ACID

LITHOCHOLIC ACID

COCH

]
H O :
3-ALPHA~HYDROXY-6-KETO

35

. -ALLOCHOLANIC (6,10,;11) ACID

\( FIGURE 2.
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(3‘-6\,6-'01,7-&- trihydroxycholanic acid) which is unique to‘

pigs“.‘z, and chenodeoxycholic- acids ~are ' the main

146

constituents "Cholic acid is present in the pig,.in

minute amounts31.

As in man, ‘bile flow in pPigs increases in responge .t
146 '

bile aq‘idb infusion in blood o
" In pigs, fistula bile "coni:ainé glycine':a-nd‘ tauri
conjugates of hyocholic and chenodeoxycﬁolic.’.’ acids ‘on.ly,‘.
These are agreed -to be the primary bile aciés gn ‘the pig.
The gal-lbladder bi).e contains in qaddition hfodeox’:'y’éholis:,
3-a,6-f and 3—;9,6—q-dihydroxycholaniév‘ acid, 3-a-hydro$<yf
6;éxocholanic; and lithoéholic acids.  These )additional
avl_ter"ation's occur in ‘the intestin‘eld’z_. |
| The lsignifican.t bile acids in, tlée . pig - are
1 .

chenodeoxycholic and hyodeoxycholic acids’ It has been

;:eported that the pig\ldoes‘ not have the ability t‘o "form
hyodeoxycholic acid from hyocholic acid in »the livert06,
Howéver, chers31 phave‘ reported that hy“édeéxychdlic acid is
ﬁresent in germ freq pigs, and it is therefore a- primary
biléb acid. .Hyocholic acid is fdrmed vin the liver from
chéhodeoxycholié acidll“. (Figure 3.).

The half-life of chelnodeoxyc'holic acid in the p1}g is
6.4 days, similar to the 6 days in‘man. |

A'high;cholesterol, high-fat diet giv'en tb pigs results
in. formation of arterial plaques and lesions absent from'

139,148

control animals A similar diet caused increased

secretion of bile, biliary 1ipidé:-~; and increased bile acid

pool size.. Fecal steroid excretion'was also increased.

4



(modified from Ref. 106)

CHENODEOXYCHOLIC ACID
°
PRIMARY BILE ACID

COOH

3

LITHOCHOLIC ACID
SECONDARY BILE ACID

1]

OH
HYOCHOLIC ACID

PRINARY BILE ACID

HYODEOXYCHOLIC ACID
PRIMARY ?/SECONDARY?
OH _ BILE ACID

HO~

FIGURE 3.
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b .
Plasma cholesterol, bile volume, and bile aCi@ poél size
all ipcreased in response to the introductionfof fét in the

diet. Biliafy,cholesterol secretion increased significantly

when the diet was cﬁanged to high fat, Phospholipids also

increased, as did the bile acid outputl49;

|

o



R RESEARGH PROPOSAL

It has been stated that populations with slow &olonic
transit time have an increased , propensitQ to form
jgallstonéé'. In part this may be due to dietary factors, but
there is also evidence that the'returnﬁof secondarf bile

&

acids from the colon may élso play a role. What has' never

14

been studied is the effect of¥slow colonic transit. without
altering the dietn It is entirely possible that the fiber ,
that is added to many diets may have chemical as well as its
well known laxative effects.

In an. effort tb resolve tPiS question we propose to
mecﬁaniéally alter the colon of‘young pigsﬂto impede.forward
flow 6f célonic contents. If(sufficient slowing occdrs this
would allow us to sghdy the effects of transit ti;e separate
from those of diet. 1In theory, the slowed fransiﬁ time
should allow for a cpqglete alteration of primary »to
seéondary bile salts, and greatly increase fhelfeabsorption‘
of those bile saltss The incfeased return of bile salts to
the live;Awill decrease the synthesis of bile salts, and
presumably will also change the_relativé concentrationémof
the bile salts. This decreased bile salt syntheéis Qill
_fééult in an excess of cholesterol in the liver which will
~have to be excreted in order to maintain the cholesterol
homeostasis. Some'ér all of this excretion will occur»via

the bile, and the combination of an altered bile spectrum,

less bile acid synthesis, and increased cholesterol

e 39
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‘excretion should result in an increased cholesterol
saturation index of the bile. .

In man, incfeased return of colonicﬁbile salts would
increase the return of deoxychollc acid to the liver. ' This
is known to inhibit the synthesis of chenodeoxycholic acid
and result in an increase in bile ¢holesterol saturation.
The pié "has only small amounts of éholic acid and
deoxycholic acid present, and there -is ‘nd literature
'COmmenting on whether any of the pig bile acids (e;g.
hyodeoxycholic acid) act in a similar way.

In summary, we propose to mechanically alter the‘pig
colon to ‘achieve prolonged colonic transit time while
maintaiﬁing thé pig on a standard diet. We will then
mon1t¢r the bile to ascertain whether any change in the
blllary 11p1ds occurs. '

L) ”
&



MATERIALS AND METHODS

i) pRE-opERAT;yE |

Young we&ned common pigs weighing 10 to 30 kilograms
(mean 15 * 1.2 kg.SEM) were obtained through the University
. of Alberta Surgical Medical Research Institute. The animals
were place’ in a holding facility, each pig héving a
éeparate p§n1 The péns measurea,,l.s m? and all were
equipped with a separate feéding dish and water supply.
Normal diurnal variation in 1light was maintained. The
animals were placed on a standard trace cholesterol diet
.(14% hog finisher, University of Alberta Farms) throughout
theﬁdurafion of the experiment.

Once theAaniﬁdis haa;settled and been on the diet for
aﬁ least 2 days, the pre-operative transit time was

measured. Previous researchers have used dyesl49, and soft

radiopaque markerslso. I fouéd the best riiults were !-
obtained by direétly placing the animal under a light
general | inhalational aﬁesyhésia' using ~halothane 1.2%
(vbl/vol@. The stomach was then intubqfégiuﬁsing a
semi-rigia.hollow plasticJ?ube of 10 mm. O.D.\;Qﬁée in the

stomach 10 standard markers‘(“B.B.'s") were instilled. An

x-ray was then used to confirm placement of the markers.

-
\

This procedure had the great advéntage that the éxact time
of marker plécement was kﬁo&n, which is.not the case when- .
the big consumes ha}kers placed in its food.

Daily‘ x-rays ‘were then \kbtained to follow ‘the

progression of the markers. The end point was taken as

a0
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being the midpoint in hours between the last x-ray to shoh
all markersopresent} and the first x-ray to show one or more
; markers absent.~
After the transit time had been' measured the'animpls
were fasted for two daxs and then underwent laparotomy for
obtaining ‘a bile sample and to undergo “ the 'operativeﬁ
p}o;edure. Thé_animals on this protocol were very slow to
recover after the operatiqn, qu éo the protocol was‘changed
slightly in that later -animals had a short laparotomy for
‘kile sampling and were then rested for several days on a
normal diet before fasting and bdwel‘ preparation were
undertaken. S " | ¢ ﬁ
Bile'was aspirated under direct visionvusing a 23 géuée
needle and syringe. The gallbladder was then observed for
several minutes to ensure that no leaking was ocdﬁ?ring.
The apdomen Qas then closed using polyglycolic acig sutures,
Aléﬁough éerdutaneous aspifation‘of'bile has been described .
151,152

in pigs , I did not have the proper instruments or

expertise to perform this. . .. - -

Our bowel pfeparation consisted of withholding food but
not water for 48 hours.' On the morning before surgery the
animal was ’givén” 300 * ml. ofd'magnesium citrate solution.

‘ : . s k

("CITRO-MAG") . .

Vi

ii) OPERATIVE
Formal laparotomy‘ was undertaken using inhalatioqal
_halothane anaesthésia for bcth induction and majntenance.

The animals were intubated only if airway compromise was

k]
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.noted once deep anaesthesia was present. The majority did

not require intubation. The abdomen was then clipped of all

“ .
hair, washed with surgical scrub soap and painted with

-

povidone-iodine solution ("BRIDINE"). Normal sterile
procedure was main;ained throughout.

The abdomen was entered through a midline incision.
The pig has a unique colon in that it is held in a conical

153,154

spiral by beritoneum ! . This lonic mass was

elevated onto the ab en. The’apex of the spixal is said
to be approximately the midpoint of the large inte tinelss,
and so our next step was to find this point. Once located,

we divided the peritoneal membranes on either side of this

loop, and were thus able to mobilize it from the rest of the .

colon. Once sufficient bowel had been mobﬁlized, stay

sutures'Were~placed to designate'the length of loop to be

/

reversed. .The kmwel“was then d1v1ded/at these p01nts, and

See

’ then ' reanastomosed according to tﬁe. procedure which we
adapted from the literature156 (Figures 4,5,6.). This.
resulted in a functionally antiper‘h;altic loop of colon

without twisting the loop on its mesentery. All anastomoses

o

=

were done using 4-0 silk suturés in standard fashion.
i’ocedure.was complete the colon was replaced

Once the“

into the abdomen. The abdominal wall was'»closed Susing

polyglycolic acid \sutures, and the anaesthesia was
terminated.
s The animals were placed back in their pens and given

-

water only ad 1libitum for the first _day- Once bowel

©
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function had returned and they were tolerating fluids, solid
food was reintroduced.

iii) POST-OPERATIVE - !
The anlmals were maintained on their trace cholesterol

dlet for 4 weeks. At that time they underwent a laparotomy

for bile‘sampling without prlor fasting. If at this p01nt

the gallbladder was found to be shrunken and non—functlonlng
w

the animal was euthanlzed by lethal 1njectlony

-

~If the gallbladder was ndrmal the bile was obtained and
the abdomen closed. The, anlmals were then placed back on‘
normal food rations 1mmed1ately.

At 6 weeks post-reversal the transit t1me was aga1

determlned u51ng the same technlque— except that. lO daysw

taken as belng the absolute end p01nt - . | h

g obtained and the anigal was terminated by lethal injection.

Measurements of the colon were then obtalned“to ascertaln

the positioén of our antlperlstaltlc segment. ‘,

iv) LABORATORY
'?@%Bile samples were stored at -20°C until analysis was

performed All Dbile sambles were analyéed for btotal

‘ cholesterol phospholipids, and bile salts. Cholesterol

levels were measured by’ an enzymatlc colorlmetrlc method

utlllzlng an .Abbott Blochromatlc Analyzer—ABA 100 (Abbott
57

Laboratorles,' Pasadena, Callfornla) Phosphollp1d~

concentratlons were measured using the- method of Sunderman




oe
¢ and Sunderman, utilizing a Uhiéam,spéttrophotometer at 675
nm. (Pye ﬁnieam Ltd., Cambridge,.U.K.)lse. The total bile
salts'were measured using the ehzymatié method of Engert and
;‘ Turner and a"Feckman DU~ 8 spectrophotometer at 340 nns 59
These methods have been used in the past for the study of

160 | 7

- Cholesterol, phospholipids, . and total bile salt

.,

” | congentrations were measured as mmol/1. Total’biliary

llplds were determined from’these results using the methed

of Careyl6l, and were expressed as g/dl. The cheleSterol

saturatiBn index162,163 was then determined u51ng the method

]_ ?‘ Wil

5
tl

and critlcal tables of Carey

Comparison of sample data was F'¥ade using the‘paired'

student's t-test where applicable. Unpaired 'sample means

were oompared'using the standasd error of‘differehce between

e - ¢ . )
. means and tables of standard deviation and probability.



has been observed by others

‘i) ANIMALS

RESULTS. = ¥ R

We found that there was considerable intra- and

inter—animal variation in all the measuredbparametefs.»This'
140 ]

.

\

- The number of -animals studied at 0,4, and 8 weeks was

N %y

. J e | \"' P .
19, 13, and 9 respectively. - The attrition' was due to
seyeral_.factorsb (Tabie I). In the case of the cdntrol

animals, they‘we?e obtained at an age 4-6 weeks older than-

/. owr experimental animals and were sacrificed at '4 rather

‘than 8 weeks. ' \

1

ii) GROWTH oy

3

All anlmals grew well and qgubled thelr welght w1th1n 8

weeks as normal pigs have been _observed to d0164. The

”~

average welght gain was 259.0 * 24.1 gm/day ih :our'

experimental group. Weight gain in the control ‘animals was

'408.8 t 35.9 gm/day (Table II, Figure 7.). The control

animals weight gain dlffered 51gn1f1cantly from that of the

experlmental animals. ( p < 0.01 ).

iii) INTESTINAL TRANSIT TIME

'Pre-operative transit time infexperimental animals was
53.5 + 7.0 hours. Control animals (whlch were approx1mately
4 - 6 ‘weeks older than the experlmental anlmals) had a

transit time of 84.0 * 8.5 ‘hours (Table. III) The

" 49
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N

10.

11.
12.

13.
14.

15.

16.
Y- Y

Control-1
antrol-z
Control—3

Control-4

J TABLE I - e
DISPOSITION OF ANIMALS '

Sacrificed at first laparotomy.
Died'of_mesenteric occlusion due to an adhesive'
bando ’ '

gﬁll protocol. ’
Full protocol.
Full protocol.
Full protocbl.
Fuli protocol.
Full protocol.
Full p:otocol.

Died after second laparotomy due to a mesenteric
vascular accident - cause unknown.

Full. protocol. .

Died bd(gre entered into the study.

‘Sacrificed at second laparotomy . Gallbladder

small and shrunken, probably nonfunctional.

Died after second laparotomy due to wound
infection and peritonitis. ' o ‘ .

Full protocol.

Died of pneumonia before second léparotom§L .
Saérificed at one month.

Sacrificed At one month.

Sacrificed at one month.

Sacrificed at one month.
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STANDARD ERROR OF MEAN

35.92

o TABLE II
WEIGHT GAIN QF ANIMALS
PIG INITIAL END DIFFERENCE DAYS AVERAGE
WEIGHT WEIGHT. | . GAIN
(kg) (k) (kg) (days) (gn/day)
2 " 10.0 16.8 6.8 28 242.86
3 10.4 27.0 " 16.6 56 .~ 296.43
4 16.0 34.0 18.0 56  321.43 °
5 - 12.2 26.1 13.9.4 .56 248.21
6 16.4 38.6 |, 22.2 55 403.64
7 13.2 26.9 13.7 ° 56 244.64
‘ i e
g8 * 16.1 29.1% 13.0 56 232.14
9 12.4 29.3 16.9 56 301.79
10 14.0 16.1 2.1 28 75.00
11 16.8 ‘39.5 22.7 63 360.32
13 11.2 16.8 5.6 33 169.70
14 11.7 16. 4 4.7 32 146.88
15 11.4 31.8 20.4 63 323.81
TOTALS 176.6 638 3366.84
n=13
MEAN : 258.99
STANDARD DEVIATION 86.92
STANDARD ERROR OF MEAN 24.11
' . CONTROL ANIMALS
c -1 29.1 39.5 '10.4 26 400.00
c - 2 24.2 37.9 13.7 26 526.92
c - 3 3.2 34.3 11.1 33 336.36
c-4 13.3 27.8 14.5 39 371.80
TOTALS '  1635.08
n=4.
MEAN 408.77
STANDARD DEVIATION 71.85
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TABLE ITI

INTESTINAL TRANSIT TIME (HOURS)

53

- PRE-OPERATIVE POST~OPERATIVE

STANDARD ERROR OF MEAN 8.49

PIG NUMBER CONTROLS

2 T ) 96

3 84

4 ‘ 60 240

6. 36 132

7 36 To132

8 36 ' 108

9 36 ' 243

10 60 , 240

11 84 240

13 12

14 60

15 84 , 240

16 84 | |

CONTROL - 1 108

CONTROL - 2 84

CONTROL -3 84

CONTROL - 4 60

ToraL " 336 T ses | 17s2

n 4 11 10

MEAN 84 53.46 175.2

STANDARD DEVIATION 16.97 23.09 © o 66.21
6.96 : 20.94
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‘ dlfference is 51gn1flcant ( 0.05 > p > 0.02), suggesting
that as tﬁe animals grow their intestinal transit time
lengthensﬁ

\ Post-oﬁerative transit time was 175.2 t, 20.9 houre.
“This result is significantly different from the
pre-operative ( 0.05 > p > 0.02 ) and the’coetrol animals (
0.05 > p > 0.02 ). bThis result suggests that our operative

'procedure had the desired effect of significantly prolonging

total intestinal transit time (Figure 8.).

ij) LABORATORY ANALYSIS OF BILE $AMPLES
' !
a) Cholesterol
Total biliary cholesterol concentrations are presented

in Table IV and Figure 9. 'The mean values did not differ

significantly in comparisons between all groups.

b) Phosﬁhol}pids

Biliary phospholipid’  determination results are
presented in Table V and Figure 10. The mean yalues for all
groups were compared and they did not differ signifieently
at the 0.05 level. | ”

: ?q\\

¢c) Total Bile Acids

The- total biliary biie acid concentrations are
tabulated in Table ﬁI and Figure 11. Comparison between all

groups again showed no significant differences.
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m(mmol/l)_

BILIARY CHOLESTEROI. CONCENTRATION
4

PIG NUMBER

10
11
13
14
15
16
CONTROL
CONTROL
CONTROL

CONTROL

1
[

|
N

I
W

TOTALS
n
MEAN

STANDARD DEVIATION
STANDARD ERROR OF MEAN

AW

0,MONTHS . 1 MONTH _1 MONTH 2 MONTHS

.19

.00

.07

.65

{CONTROLS)

.88

.97
.55
.63
.64
3.31
1.77
2..69
1.80
93 9.57
4
533 2.393
16 0.65
88 0.32

10.41

3.53

6.31

47174
2.99

1.00



BILIARY CHOLESTEROL CONCENTRATION

VERSUS TIME
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TABLE V
BILIARY PHOSPHOLIPID CONCENTRATION (mmol/l)
PIG NUMBER - O MONTHS 1 MONTH 1 MONTH 2 MONTHS
‘ (CONTROLS)
1 44.60 ,/
2 82.60 25.80
3 49.10 " 23.00 87.20
4 79.60 12.30 12.50
5 79.20 58.00 10.30
6 41.70 76 .60 33.90
7 50.50 49.10 51.80
8 72.20 46 .00 . 53.70
-
9 59 .20 48.10 19.70
0 o 56.70 42.20
o ¢ g{’ / v X
1, N 13.90 9.96 8.13
13 14.00 9.29 '
14 . 10.20 6.47
15 ) 8.40 9.79 12.86
™~
16 17.20°
—
CONTROL - 1 4.81 " 14.43
CONTROL - 2 8.88 5.24
‘(;
CONTRQL - 3 9.96 10.50 . .
CONTROL - 4 10.95 12.68 ’
TOTALS © 714.40  3416.61 42.85 - 290.09
n 19 13 4 9
MEAN (37.60 32.05 10.71 32.23
STANDARD DEVIATION 27.58 21.79 3.45 25.50
STANDARD ERROR OF MEAN 6.33 6.04 1.73 8.50
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TABLE VI

10 - .
11

13

14

15

16

I
-

CONTROL

|
N

 CONTROL
¥ «

CONTROL,

!
(9]

' CONTROL

]
>

"TOTALS
n
MEAN

STANDARD DEVIATION ,
STANDARD, ERROR OF MEAN20.

S %
Y. .
PO SR o
=3
&L s
* <
: >
4

‘1 MONTH - 1 MONTH . 2 MONTHS. .
| (CONTROLS) ~
- —‘—"===%===========================
190.0 - ¢
290.0 137.0
313.0 142.0 332.0
282.0  128.0 67.0.
1215.0 304.0 97.0 -
223.0 320.0 1190.0
275.0 285.0 185.0
290.0 196.0 278.7
232.0 295.0 ‘;58&9»J n
320.0 301.0
173.3  108,8 - 120.0
1120.0 68.7 .
78.0 117.0 88.0
55.3 73.3
109.3
"129.0 152.0 N
72.5 98.0 { .
91.5 ° 161.0 !
86.7 116.0
3545.60  2475.80  527.0  1515.70.
19 13 4 .9 ¢
'186.61 190.45 131.75 . 168.41
89.22 92.62 25.75 84.31 .
47 25.69 12.88 . 28.10

60"
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d) Total Biliary Lipids
The data are presented in Table VII and'Figure,lz.
‘Comparison between all groups shoys no .significant;

differences at the 0.05. level.

L . .
v) CHOLESTEROL SATURATION-INDEX
The calculated results for the ‘cholesterol saturation
: ‘t
1ndex are presented in Table VIII and Figure 13. Mean

'S

values at 0, 1, and 2 months were 0,40 + 0.03, 0.38 * 0.03,
and 0.39 % 0.05 resoectdtely. The control animals had a
value of b,ﬁzot 0;07 at 1 ,month. Comparlson of all groups
:dsinﬁ the student's t-test showed no ~-statistical
'siqnificance ekdent/when comparing the l'month experimental
mvalues with- the 1 ‘month control values ( 0. 05 >p > 0.02 ).

.In light of the ‘non- 51gn1f1cance of all other comparlsons‘

thlS is probably an anomaly.

vi) AUTOPSY FINDINGS | B o
At the last laparotomy and after the anlmal had been

sacrlflced the colon was removed 1n total and examlned S In

A8 P \

~all cases ‘the cecum and colgn.up.tO“the‘distal anastomosis
of the"antiﬁeristaltitf loop vﬁas grossly distended with -

semi-1% ujd stool. Just past the distal anastomosis of the

reveiffed” segment the diameter ‘of the " colon .. abruptly

' decreased‘and.the stool'became solid
In alF anlmals where a segment more than 10 cm. was

reversed ‘ﬁﬂg?segment lengthened Presumably thls lS due to



" TABLE VII
FOTAL BILIARY LIPIDS (g/dl)
PIG NUMBER 0 MONTHS 1 MONTH =~ 1 MONTH 2 MONTHS '
. (CONTROLS)
1 ‘ 12.975

-2 L 20.993 . ' 8.841-

3 ' 19.499 8.840 . 23.462
4 ' ~ 20.398 7.277 4.291
5 o 16.967" " .19.734 . 5.615
6 | 14.431 22.061 R 12.093
7 . 17.637 18.104 _ 13.342
g 20.154_ 13.395 o 18.129
9 - 16.255 ©  18.439 9.389
10 = 20.476 18.367 -

/5 9.703 £ 6.190 . 6.640

13 - 7.1300 4.153
14 - 4.665 . . 389 - S

150 | 3.404 4.421 | 5.396

‘%‘_., < - ‘3
16 |  6.824 ‘

CONTROL - 1 6.788 - ' 8.710
CONTROL - 2 4.291 - 5.2860
CONTROL - 3 5.311 o . 8.8230

" CONTROL - 4. ' 5.187 " ‘ 6.7480
TOTAL C , 233.088  156.131- 29.567 = 98.357
n. 19 13 4 9
MEAN = - 12.268 12.010, ~ 7.392 ©10.929
STANDARD DEVIATION 6.44 6.26 *  1.47 6.14
STANDARD ERROR OF MEAN 1.48 . 1.74° 0.74 - 2.05

3
¢
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TABLE VITII

i+ TR '.‘ﬁ. P
. P

'STANDARD ERROR OF MEANO.029 | .-,

CHOLESTEROL SATURATION INDEX
PIG NUMBER O MONTHS 1 MONTH 1 MONTH 2 MONTHS
- : (CONTROLS) :
P T
2 ' 0.309 0.334
3 0.411 0.264 p 0.313
4 0.349 . 0.192 0.216
5 0.273 0.351 0.362
6 0.406 0.356~ 0.272
7 0.284 0.399 '0.361
.8 0.303 0.335 0.358
9 0.267 0.301 0.351
10 0.414 0.437
11 0.463 0.466 0.769
13' 0.733 . '0.488
14 0.335 0.481 . .
15 Y 0.384 0.482 ‘ 0.465
16 o 0.545 &
CONTROL - 1 0.664 0.548
v
CONTROL - 2 0.349 0.629
CONTROL - 3 0.328 0.528 o
CONTROL - 4- ) 6.545 0,368
,.'.‘\;OTAL__Ti 7. esa. ‘;;
. :%{; ' v 19 tA
D MEAN “ 0.404 0.
., STANDARD DEVIATION - 0.128
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TABLE IX 4
AUTOPSY COLONIC MEASUREMENTS (cm.) |
PIG LENGTH OF . AUTOPSY.MEASUREMENTS
'NUMBER _ SEGMENT ILEO-CECAL  LENGTH OF SECOND :
ORIGINALLY VALVE TO 'REVERSED  ANASTOMOSIS
REVERSED FIRST . SEGMENT  TO RECTUM
ANASTOMOSIS a

2 10 130 ‘ 10 T 90
3 15 80 .20 120
4 20 125 34 102
5 25 104 63 132
6 20 ~ 120 32 150
7 30 . 110 - 60 132
8 25 136 44 107
9 30 84 73 141
10 35 : 99 69 117
i 35 70 " 71 159
13 35 i 45 | 65 | 97
14 35 - 112 38 A 98
15 s 100 gﬂ&@g P 95

Ly

%,

a":’?% g;%
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ndrmal growth in the segment. In some cases the segment was

more than twice its original length (Table IX).

;It was also'apparent that the‘distended segments of
colon were grossly different from the nérmal' uhdistended
colbn. The distended portion  had véry thin, almost

translucent walls that were easily perforated. As well the

mucosa was grossly thinner. We did not study any changes at

L]

the microscopic level.
'

A
1

.‘ "



- DISCUSSION
i) ANIMALS | : KA
In éeneral the animals fared well after the operéti&é
précedure. However, some of the deéths might have been due
]to secondary —effects. For instance, pig 10 died shortly
after a laparotomy where difficulty was encoﬁntered
\attempting to replace the distended colon into the abdomen.
It is coﬁceivable that the blood supply to the boweI”Tay
" have been impaired by pressure effects. Pig 14 soiled its
cage during transport'back to its holding pen, and its wound
was grosslyrcontaminated with_feces. This resulted in an
extensive necrotizing infection. Pig 16.died of pneumonia,
ands at aﬁtopsy the massively dilated colon aﬁ%eared to have
displaced the diaphragms upwards thus producing a degree of
respiratéry impairment. ‘
Judging from the small number of complications, it
would appear that the-pig can tolerate the presence-of ‘an
antiperistaltic 196p of colon up to 30 - 35 cm. in 1gngth

with little ill effect.

ii) GROWTH

Young pigs after weaning spould double their weight in
8 weeks time164. . All. of our pigs fulfilled this
~expectation. Our cdntrol,pigs grew at q"tate significantly
greater ‘than the experimental animais. Tﬁe?growth rate 'in
our experimental ahimalé was approximately 20 gm/day below

8

the lowest value of 250 gm/day]/‘3 found in the . literature,

and far below the rate of 590 gm/day 10 expected of swine in

69
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in optimum growth conditions. It should be noted that our
control animals did not attain "this highefr value either.
However, since the control and experimenfal ;;oups differed
significantly we must coﬁclude that .growth was adversely
affected. . It islﬁard to determine why this was so. All,
animals in both groups ate aill food.offered fo them, so a
reduction in appetite does‘not‘appe;r to be a factor. All
animals wére givén the same ration of food.

' The large intestine in the pig functions in water and
mineral absorption,‘and the digestion of plant fiber. The
pig can satisfy up to one-third of its enefgy requirements

by hind-gut fermentation of fivert33,

Since our operation
slowed intestinal transit time one would‘expéct this energy
extraction to be maximal in the ex?ﬁte'rimenta'l pigs. This
energy should translate into increased growth. Coupléd with
the retention of intestinal contenté.I'Qohld have expected
the é;perimental animals to be as large if not larger than
ﬁhe'control an%mals. Since we did not study changes in the
colonic environment, we do nhot know if éoldnic fermentation
and energy extraction from fiber Qas inc;eased'or.decreased.
Wg thus do n;z know w;;t factors were respongib1e for the

lower rate of growth in the experimental animals.

¢

‘ . -
iii) INTESTINA%ETRANSIT TIME .

The literature gives values of 27 - 52133, 30155, and
38 - 45149 hours for total intestinal transit time in pigs.

Our pre—operative value of 53.5 hours is just slightly above -

 the upper rénéé of these vaiues; and our control pigs were
‘ . _ ; i



v !

o~

. . !

. - f% r '\% R ¥ s :LV‘PW *‘ ! '
o

N3

above this range. Althoﬂgh size%nlght con51dered to
be a terminant, it is apparently_nnhTa_sagnlflcant factor
since large pigs (55 kg.) had average transit times of 30
hours15 | ‘ |
‘ A)l authors agree that the intestinal contents spend
the ma%ority of their time in the large intestine'®®. mnis
fact coupled with the effect of our aﬁtiperidtaltic loop
explains the markedly prolonged transit times obtained in
the animals post-operatively.
When comparing the post-operative transit times (fable‘
" III) with the length of colon reversed (Table IX) it is
apparent that there is not a strong correlation between the'
two -parameters until the maximum tolerable 30 - 35 cm.
length is reached.’ Below this length the effect of a given
. length of reversedioolon'is not entirely predictable, but
~any length of reversed colon will prolong intestinal transit

time to some extent. .

iv) LABORATORY ANALYSIS OF BILE
The mean values of biliary cholesterol from our animals
gell within the ‘range» of 0.86 .- 1.94\ mg/ml (2.22-5.01
. mmol/1) found in the literature'®%. The total biliary bile
acid levels of 36.52 - 71.67 mg/ml (74.38-145.97 mmol/l)
found in the same article are exceeded by the mean values in
3 of our 4.groups.n In fact, the only group which falls.
within this range is the control group-at 1 month. However,

‘ A :

since analysis of the means showed no- statlstlcally

51gn1f1cant difference between the groups, 1t would appear
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)

fhat our pigs have a range of total ‘biliary bile acigds
higher than that in tbe literature. A conclusjon that our
operative procedure was the*cause for this Aig;er range is
not supportable. 'Although inﬁ theory the reabsorption of
bile acids should go up, the literature review seems$ to
indicate- that the resultang ‘decreased synthesis will more
than offset this. As well, the higher values were present
in our animals at the start of the protocoi before the
operative ﬁrocedﬁre had been performed. o

I was unable“to locate any literature on the hnhormal
range ofv togal biliary 1lipids. The oniy .data on
phosphol}pids »wWwas incomplete, giV%ng the levels as a
percentage of total biiiary lipids, but not giving any

151

v?lueéufor total biliary 1lipids™ - Since no SLgnlflcant

!
change cccurred in the parameters we . can loglcallytassume
g\

that prolonged intestinal transit’ tlmg':does not have a
' . A .

significant effect on them.

V) -CHOLESTEROL SATURATION INDEX

Literature values show that pig bide normally:-has a low

cholesterol saturation;index This has been stated to be

due to the high flber content of the pig's dlet1§§ In this

paper the range of values in young pigs (fasted for 24 hours

prior to bile sampling) was 0.36 -/9[48 beforﬁgaddition of

more fiber to the diet, and 0.33 - 0.51 after Our mean ' -

——

values for the cholesterol saturation index agree with these‘,

values:

-
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| The questlon/bf why thi/pholesterol saturatlon 1ndex
dld not changé *remains unanswered There are, however,
\several pos51b111t1es.- We certainly do-notvyetuknow about
all the ~ metabolic checks andﬂuhaiances ! that dictate
cholesterol and bile saltxmetabolism: 'Furthermore, it Can

. be strongly.;rgued that we do ‘not. understand fully those
factors that we héﬁe already 1dent1fled Thls comes about

because our knowledge is derlved from a mlxture of in v1tro

b

g

o and in vivo exper;ments.‘ It.has,not,yet been‘shown_that the

~

iq vitro work_can-he'fully applledpto the“lntact"animal.
Therefore}“fit is very -éossible dthat ourb'exoeriment: wag
:effeCted"°hy . as YZYetﬂ. undiscovered overrldlng'f control
n.mechanlsms. | ” V |
We clearly showed that ‘intestinal..transit time was
51gn1f1cantly prolonged. There is. good reason to belleve
.that thls:should have resulted 1n a decreased loss of blle~
acids’ and an lncreased return‘of blle ac1ds to~ the\l}v

Fow

Thls should have decreased the hepatlc bile ac1d synthes1s/

.c/and all b&t closed thlS outlet for cholesterol excretlon

iy

" ExXcess cholesterol would have to be excreted 1n order to‘

- Y

- malntaln cholesterol homeostas:.'= Elther thlsgexcretlon dld{

e

L)

" not occur, or 1t occurred in some otheﬁ form, S none of/our

blllary llpld paraﬁeters changed 51gn1f1cantly 'Since_we

“did not study fecal blle: ac1d “excretion or bilelracid

turnover we cannot be dbsolately certaln that we reduced the
%

ﬁ lOSSGS‘ of blle ac1ds and 1ncreased thelr return to the

] | ) R -

1 153&“: o
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Another prodflem is the pig'" bile. a01d spectrum. Much

.

of the work 1n blle ac1ds has been done in’ anlmals that like

humans have a's1gnif1cant amount of chollc'and derychollc'

4

. » i
acid present -in their bile. Some of’ the most promlnent

theorles on gallstone formatlon depend on an 1ncreased level

‘of deoxychollc acid effectlng hepatlc chenodeoxychollc acid

e »
L4

synthe51s. Slnce;therg is: niblyterature s dylng the _
effects of hyochdllc aﬂp h eqﬁychollc acxds, we do not”f
ﬂ' ; "; - .
~ know whether they ‘act 1n"the ~same waya as ,chollc and
o N . !. (2] .

-

deoxycholic'acids

. Our plgs grew rather rapld&y and soon became too large

to hand Tth,our period of observatlon was 11m1ted“and,
) .- N - . - ‘ . ‘...': . . q
_short We therefore do not know if the long term effect of -

‘our operation mighthbe different from the short term
Sffects. ; o B h' -

%f’ $¥Q;Another posflblllty 1s th&‘ the prolonged colonlc

nsit tine may haye worked agalnst us. Since fermentatlon

'w s probably- lncreased this may have reduced‘\the ‘pH to

levels that '1nh1bited ‘bacterial : deconjugation and

dehydrdelation. Thls would have all but sStopped the’
8- proﬁuctlon of secondary blle ac1ds~.., As well, the large w‘
fL\JACterlal load from the fermentatlon _may have bound all the

blle salts and carnled them away r%ther tham allpw1ng ‘their .

. absorptlo ' The dlstended d;olon was~ noted f@ have thln,'

o v 5

~'urather atrophic appearlng alls imqgs qplte poss1ble that
* ‘?-,1h s"lﬂ@--

‘one of the effects of thiswdlétens_dn wds@g loss of the

;normal fugbfions of *the micésa

7y

"ncludlng r absorptlon ofz

bpile salts.
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LR

Qﬁh What is needed to olarify some of <nese Qdestions.are
further ] stddiev To begin“‘ w1th ‘studying colonic
reabsorptlon 1n tne dlﬁtended colon and fecal excretlon of
bile acids would'tell us.lf the distended colon 1s-capab1e

" of reabsorbing bile salts, and if changes in the colonic‘
environment are allowing for'increased'reabgtrption of bile
acids. Gas chromatographlc analys1s of the bile samples to

- identify and quantltate the b11e acid spectrum before and

xafter the operatlon would tell us if colonlc metabollsm and

;reabsorptlon of bile a01ds was effected “vStudies of thez
effects of hyocholic and h;odeoxychollc acldnon hepatic bile

' salt and choﬁesterol metabolism would be very importantfdn'
 @etermining wnether‘We should'eXpect to see any- changes‘in

/cholesterol and br&s 'salt. QXCretlon afteru‘the operatlon
Lastly, the use ot m1n1— or mlcro plgs would aflow us to
»

xstudy the long term effects of our operatlve procedure

. * ,
v E



CONCLUSIONS

4

In general our operative procedure was well
: B ;.‘7‘% .

1.
tolerated. i ‘
§ . » L

1

2. The maximum tolerable . length of antiperistaitic

-colon is. 30 - 35 cm. : ‘
) - ' ’ .0‘{:)*
\ [ | . - L :
. 3. The growth of animals having undergone the
‘ procedure is adversely effgéted, the cause is unkhown.
. R D ‘ _ .
‘ 4. The - operative': procedure was 'sepcessful ~in

L}

significantly prolonging the intestinal transit time.

5. The length of reversed Segment did ndt‘correléte

lel with the degree of»prolg%gétion of intestinal transit
time. , " .

6. Theré was no statistically gnificant change in
: X : . - J

'or‘bile acids or

total biliary cﬁolestérolh phospholi ids,

in the ChpieSterol saﬁgration'index. J

7. Trané{i time does not appear .to be .a significant
. . . ] 4 e .

déterminant of.biILary cholesteroi éaturation in youngdpigs.

| P
8. fthese results do not ,support»'thé_'cqmmqnié{mhelq'

disease is linked to

belief that’ gallstone
T S N RN
‘intestinal transit time. - o E o S
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