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"Knowledge is not a loose-leaf notebook of facts.

Above,
i
all

it is a lesporlSlblllty for the 1ntegr1ty of what we

are, prlmarnly of what we are as ethlcal creatures.; The

'commltment and the emotlonal equlpment worklng together as

e ] .
Oﬁ? has made the 'Ascent of man' " S O

A . . .
s . I
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"_1n1t1al body welght

‘ABSTRACT

\

Epldemlologlcal studles have shown that pregnancy and
4 &

sex hormones are 1mportant deiérmlnants of an 1ncreased sus--
y - - e

<

ceptablllty.to gallstones.. Cholesterol is the main . constltuent

d

of 80% of the blklary calcull encounte;ed in Western Countrles

5

hand thelr formatlon is preceded by a dlsturbance of the physxco'

. +
_ chemlcal propertles of blle Wthh may result from a reduced

s1ze of - blle salt pool Anovulants (est;ogen-progestln\com-;

blnatlons) have been found to 1ncrease the llthogen1c1ty of f ;

' blle and’ reduce blle acid synthe51s and pool 51ze Numerous

'n;studles of blle Comp051t10n durlng pregnancy in humans“have

e

nylelded confllctlng results WhllePln experlmental anlmals no f,f

, J e
11mpa1rment of cholesterol solublllty has been found

The effect of pregnancy on b;le ac1d metabollsm was

0

' studled in rats by an acute blle flstula washout teohnlque.gg,ﬁf,

7The experlmental groups were as follows.;'a control group of'f"n

”'-_v1rg1n females and a’ flrst pregnancy group of‘slmxlar age andhiﬁ@

A_‘ A
LR

"-dubtlon 1n blle ac1d s the51s Wthh resulted 1n a marked €5:;*‘

- reductlon 1n the size of “the blle ac1d pool "I‘he enterohepatlc

~"'_cycle frequency of the blle ac1d pool was unchanged and there—
‘ ’ N

,_k‘fore there was a’ reductlon in blle salt secretlon rate 1n

_pregnancy Blle phosphollpld and cholesterol secretlon rates

wvie

') : It was found tg;t pregnancy cdused a s1gn1f1canthre--l"”:

§



i

‘were also reddced in the pregnant grbup probably as a conse-

quence of ﬁhg lowerlng of blle salt output. In thls an1mal

fmodel pre

solubil;ty.

hancy did not adversely 1nfluence choles;prol

PR
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CHAPTER I

INTRODUCTION

2'\‘ < - -

3

Epidemiology and Prevalence of Gallstones

& .

A major health hazard 1n econOmlcally developed '

2

’ countrles relates to gallstones and their compllcatlons. _In

1968, it was eatlmated (l) that 15 mllllon Amerlcans had .}'.

f \lholellth1a51s but recent data complled by Heaton.- (2) 1nd1-_
-~ .

‘agents.

-

; cates that presently‘thls flgure is 1n excess of 20 mllllon;

¢

(3). The.geographlc, h&%torlcalfand soclal patterns:and,the -

increasing‘incidencef(3) of’thiSwdisease would'suggest ehvi—

ronmental partlcularly elther excesses or deficr\RC1es in

-

ldlet (4),%and p0531bly genetlc factors (5).as aetlologlc B

N -

However, prevalence data accumulat\d 51nce the early

20th" century (2, 6 7.8,9) has shown that’age and sex are also fv"

‘1mportant determlnants of the 1n01dence of gallstones. The

. dlsease occurs more than tw1ce as’ frequently 1n females as in

males under 50 years of age and the 1n01dence Of calcu11 1s -

'greater 1n multlparous than 1n nulllparous women of Chlld

Ng
) .



bearing years_(7). Nilsson found in Sweden that the pre-
pubertal incidence of gallbladder dlsease was s1m11ar 1n both

Y

- sexes whereas at puberty there occurred a sharp rlse in

. [
«female preponderance (10). This sex dlfference r?malns until
the female menopause and subsequently tends to drsappear “~Twov

4

’. recent prospectlve epldemlologlcal studies. conflrmed these
flndlngs ‘and found a correlatlon between dlsease 1nc1dence and
parity (ll 12) : o o
These observatlons lndlcate that sex hormones and
'.pregnancy may be the cause. of or . a- least be 1nstrumental 1n
’the sex dlfference. ;hls argument is relnforced by recent ‘
evrdence demonstratlng that women of child bearlng age, who
‘.use oral contraceptlves, are twrce as llkely to- have chole—'
llth1a51s as women of sxmllar age who do not use the pill'.J'
(13) Furthermore, women who take oestrogens ‘for menopausal
' symptoms have a risk factor 2. 5 tlmes greater than womeninot
'rece1v1ng hormones (14) Experlmental blllary calcull can be
produced w1th greater .ease in female than in male mlce (15)
whlle admlnrftratlon of hlgh doses of oestrogens ‘and proges~ivli;
~terone to rabblts lead to the }ormatlon of gallstones (16) ‘
| Current research 1nd1cates that the prlmary event 1n
the pathogene31s of gallstones 1s the secretlon of an abnormal
\.(llthogenlc) hepatrc blle as’ a result of a dlsturbance 1n blle
ac1d mefabglism (3) As outllned 1n Chapter II, experl- o
A.mental studles on prlmates and humans have demonstrated a S
;tendency for female sex hormones to produce or. accentuate thls'
: abnormallty. thus partly explalnlng the 1ncreased 1nc1dence t‘h»t

- of- gallstones in females. B p.ijl'f.'h AR



The Problem

The reason for-the increase in'gallstone inciJv

dence dUe to pregnancy remalns unexplained.’ Mlnlmal data on

'blle llpld comp051tlon durrng pregnancy in humans or labora—

3

tory anlmals has been collected and the effects of parlty on

»
]

bile acid metabollsm have not been studled

¢ v °
. . .

Objectives

Thé purpose of this study is to try~to find answers to

the fbllowing questions*'

1

‘compos1tlon°

alters the llthogen1c1ty of blle° ~~;a'. N 1,:

.What 1s the effect of mammallan pregnancy on blle 11p1d

3
Id

From our studles is Uhere any ev1dence that pregnancy

.What is the effect of pregnancy on the 1mportant 1nd1ces'i
- of the enterohepatlc c1rculat10n of blle ac1ds such as:
-pool s1ze, Synthetlc, secretlon and absorptlon rates and
'the enterohepatlc cycle frequency of blle acrd pool? o
. In what way does pregnancy effect thessecretlon rate of

‘blle phOSphOllplds and cholesterol'> n‘*

N



W ¢ . CHAPTER II
s e N
. LITERATURE REVIEW
. _ , ' ‘ )
‘ ' ChOleStErol is the main constltuent of 80 85% of the o

blllary calcull encountered 1n Western countrles (3) Thls
. o —-

'frev1ew therefore w1ll attempt to analyse and explaln ‘how thls

materlal is malntalned in solutlon in- hile, how lt prec1p1-.
ftates out of solutlon, what metabollc factors govern the blle
: (J . . . .

'comp051tlon, and how these metabollc factors may be altered

. by female sex hormones and pregnancy “;'

Phys1cochem1ca1 State of Blle L1p1ds 1n Gallstone Formatlon L

Cholesterol is 1nsoluble in water (17) but is maln-"'

”talned in aqueous solutlon in blle by molecular assoc1atlon _~‘"

E Wlth blle salts ‘and lec1th1n (17 18) a Lecmthln 1s 1nsoluble T

;\

"1n water but w1th the functlon of a 11qu1d crystalline phase,

1 molecule of lec1th1n can solublllze l molecule of choles—‘fa

mfiterol (19).. Blle salts are natural detergents and thus

’v.

dlsperse the lec1th1n cholesterol llquld crystals 1nto small

. aggregates called mlxed mlcelles (19 20{ enabllng cholesterol

'

juto be excreted harmlessly 1nto the 1ntest1ne v1a the blllary



tracti In a blle salt cholesterol mlxture one hundred moles
of blle salt can solublllze 3 moles of cholesterol but when
le01th1n 1s present the solvent capac1ty of the mlxture
' 1ncreases threefold (3) The mlxed mlcelles of bl\e ac1d,
‘phOSphollpld and cholesterol have a llmlted capac1ty for
cholesterol: solublllzatlon whlch 1s determlned by the relatlvev
-proportlon of each-llpld-present._ Maxlmum cholesterol solu—_ﬁ_
: blllzatlon occurs 1n model SOluthhS w1th a ratlo of two to |
three molecules of blle salt to one of leC1th1n (3) ' Admlrandh_
and Small 1ntroduced a. technlque for demonstratlng the 1nter~:'
relatlonshlp of the three blllary llpld componen%s by plottlngd‘
'the molar concentratlon ratlos of blle salts, phésphollplds -
and cholesterol on trlangular co-ordlnates (20) (Flg.-l) ep_
_three component dlagram was constructed from 1n v1tro studlesf”'
' of bile llpld mlxtures 1n water, and the llne A B C. on the .
‘graph (Flg. l) deflnes max1mum cholesterol solublllty obtalnedi
from model ternary solutlons of blle salts, cholesterol and 7
rlec1th1n in. water w1th a total solld content greater than | L
>71three per cent At all p01nts below the 11ne A BFC. choles-::ji“
4"terol is in a: grue solutlon or mlcellar state, whlle above » Q;
';5the llne blle 1s supersaturated w1th cholesterol and crystal-:;“i
ilzatlon occurs._ Normal human blle is’ w1th1n the:mlcellar ;Ll‘hf

.'zone whereas blle of patlents w1th gallstones 1s usually

”ffsupersaturated w1th cholesterol and falls out51de the mlcellar

‘r_;area (20 21 22) Crystalllzatlon of cholesterol 1n blle 1s

h"thought to be the prlmary stage of gallstone formatl'ju and
7 .

1s usually found mlcrosc0p1cally in supersaturated‘hd'atlc iifgzj
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2 or Mére‘ Phases
/ (Cholesterol Crystals
o and Mncellor Laquud)

” Mlcellcr ~ T
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% BILE SALT

FIGURE 1 R

TRIANGULAR P}IASE DIAGRAM OF BILIARY LIPID COMPOSITION
o

. | ".:'_MAXIMUM CHOLESTEROL SOLUBILITY LIMIT IS DEFINED BY LINE A B C

. From Adm1rand and Small (Ref No' 20) .
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. ' . 7 o
blle (after standlng) or 1n saturated gallbligder blle (3 18 '
19 20) Consequently an’ 1ncrease in cholestérol or reductlon -

1n blle salts or lec1th1n concentratlons could theoretlcally

lead to llthogenlc blle formatlon ; "f . | -
o o

Studles of gallbladder blle in pregnant women at term :

demonstrated a hlgh 1nc1dence of cholesterol crystals with an.

'«1ncrease 1n cholesterol concentratlon (23 24 25 26) - Although

s

the chemlcal methods used by today 8 standards ‘are. con51dered ;

1nadequate, the flndlng of crystals is 1ndlsputable ev1dence"‘

| of cholesterol 1nsolub111ty A further study by Large (27) onqd;

blle comp051tlon 1n pregnant women falled to conflrm the

prev1ous reports but when hls data was plotted on the phase

N dlagram by Small (17) blle comp051tlon fell on the border be— .

.'-',\

- .
' tween the mlcellar and crystalllne reglons._ Glegn and McSherry,v

_ 1969, repogted a 51m11ar blle comp031tlon 1n pregnant and non

pregnant patlents all sufferlng from the sbme type of gall- -::

"stones (28). However, that study faﬁled to prove or disprove

- 8.
g an 1nfluence of pregnanéy on the thSlC chemlcal state of blle.:,

‘ ‘-
as all patlents sufferlng from cholesterol type gallstones

' would be expected to have s1m11ar blle composltlon.,

The baboon spontaneously forms cholesterol gallstones:1n7

(29) and most hormal anlmal studles haVe shown a hepatlc bllei:\ﬂ

f’ supersaturated W1th cholesteroﬁ however, the gallbladder

b11e from the same anlmals was w1th1n ghe mlcellar zone, but,ft,'
1n pregnancy both hepati% and gallbladder blle were well out—;[t

51de thlS reglon (30) Whlle thlS was a clear demonstratlon.]?’”



" of the llthogenlc 1nfluence of pregnancy on gallbladder blle,‘

the flndlng of normal gallbladder bile in the- presence of a

o - "jc -

supersaturated hepatlc blle in control anlmals requlres further'

1nVest1gatlon ' Studles by Martln (31) on the blLe comp051t10n

\-1n pregnant monkeys falled to demonstrate any changes, “in:
jﬁcontrast to the’ flndlng ‘that Estrlol lncreased the llthogenl—f
‘pclty of blle when admlnlstered to the same anlma s (32;33) | nf
v‘pregnant rabblts Johnson and Kalant (34) found a decrease 1n :i

' the relat1Ve concentratlon of unconjugated mono and dlh roxy

N

blle ac1ds, and a corresp@ndlng 1ncrease 1n conjugated ac1ds

]

,jln gallbladder as compared to hepatlc blle, and concluded that

o this may be due to the 1ncreased tlme for thelr absorptlon as,

‘_,a result of gallbladder stas1s In the guxnea p1g cholesterol

'ﬁ(a) Decreased secfetlon of blle aCI§3 ‘:;l 57;“
' ‘kb) Decreased secretlon of phosPhollpldSr

]:x ) Increased secretlon of cholesterol

N

'concentratlon is 1ncreased at term (35)

Blle Llpld Secretlon

. SOlublllty 1s unaffected by pregnancy, but blllary b11e ac1d

.~\J

3 Since llthogen1c1ty is a functlon of the relatlve

"V'blle the followrng factors 1nd1v1dually, or in comblnatlon,

4afcould lead to the formatlon of llthogenlc blle-f

ek

The secretlon rate of blle ac1ds may he of paramount

R - L
‘:‘1mportance because 1t may posslbly govern the secretlon rate

;c;xgentratlons of blle a01ds, phosphollplds and cholesterol 1n'l

.f;yof cholesterol and phgsphollplds by the llver.. B;llary ';dﬂic“fhv
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) phDSphOllpld and cholesterol secretlon rates fall dramatlcally
vfollow1ng acu;e depletlon of blle ac1ds from blllary flstulae

. !
in rats (36), and also from the 1solated canlne llver in the

’.’absence of b11e salts (37 38) Furthermore admlnistratlon of

‘ blle ac1ds 1ncrease llpld secretlon rates (39 40) ' These
.observatlons have been con%rrmed 1n the monkey (41) and humansy‘
(42 43 44 45 46) Whlle bile ac1d and lecithln secretlon B |

'rates show a s1gn1flcant correlatlon, changesaln cholesterol
output are much less affected by changgs 1n blle salt secretlon
(41) Wthh suggests that a portlon of the cholesterol 1s_*u:f‘

"secreted 1ndependently of blle aclds.' Furthermore, studles on-'

i

the regulatory mechanlsm of b&llarx llpld secretlon by'blle

_‘ac1ds has revealed a stlmulatlon of lec1th1n synthe31s 1n thev
.mlcrosomes (38 47) and the latter were also found to be the
‘ only source of cholesterol mﬁllec1th1n 1n llver.~ Thus 1t was.E'

i'f“,suggested by Swell‘(38) that the blle llpld mlcelle 1s assem- fd

f': bled at a spec1f1c s1te 1n the liver mlcrosome, coupled to a

ﬁf:carrier pIy eln and transported to the blllary CanallCU1l-;a- v:

"'V'Slnce llthogenlc blle 1s frequently secreted dlrectly from the

”~

’3vn11ver (24 25) 1t may result frOm formatlon of M1celles by

? X - ‘ »_.‘ 4,’-‘"

ablllty of blle ac;ds to llver cell or by the act1v1ty of thelrf

ifhepatocyte transfer system.
In economlcally developed countrles the maqorlty of.patl
t"ents sufferlng from blllary calcull have reduced blle acld and

‘fphosphollpld secretlon rates and 1ncreased cholesterol secretlon

s
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rates (48 49, 50) A change in enterohepatlc cycle frequency
or a dlmlnutlon of blle acid pool 51ze would explaln the re-

*

| ductlon‘ln blle ac1d and phosphollpld secretlon rates TheVﬁ
'fmechandsm of 1ncreasédacholesterol secretlon is unexplalned
_wbut thlS may be assoc1ated w1th an 1ncrease in synthetlc rate
Co(s0y. - a |
Estrlol admlnlstratlon to. monkeis.acutely reduced
‘blle acid and lec1th1n secretlon (32 33) and the magnrtude oon
thls reductlon was dlrectly related to the dose of drug admln?
'; 1stered' Because cholesterol secretlon rates remalned rela—.
vtlvely constant qhe llthogenlclty of blle 1ncreased. The
t 1mmed1acy of thlS change would. suggest a mechanlsm 1nvolv1ng
. an alteratlon 1n the hepatécyte transport system rather than f
hprehepatlc factors Investlgatlons along thlS llne reveal
‘that the hepatlc transfer maxlmum of blle salts and blle saltv
.secretlon is 1nh1b1ted by ethlnyl estradlol admlnlstratlon to fd
irats, (51) but whether reduced.secretlon by the hepatocwte.or_”f
enhanced b11e salt reabsorptlon by the 1ntraphepatlc blllary
H,tree 1s the operatlve mechanlsm requlres clarlflcatlon v:Noi_

-,'1nformatlon is avallable on the effects of pregnancy on the ;;of

'fsecretlon of blle 11p1ds.;~-;ﬂ:”

‘tffChanges in Blle A01d Pool :~,: ;hi~ifjr}¥_ fif,fjfff Vv |
o The pool of blle ac1ds 1s deflned as the Ptotdl mass f{t;
fafof blle ac1ds 1n the Enterohepatlc circulatlon" and both blle'

: "v' L ’ B
'fdjac1d synthes1s and reabsorptlon from the 1ntest1na1 lumen have:;*

' Jﬁbeen shown to 1nf1uence the s1ze of the pool (52) A reduced_,jf

'Vf;blle ac1d pool 1s frequently found in assoc1atlon Wlth gall-"tlff
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stones (53, 54 55,56,57) and this metabolic defect is consid:
'ered respon51ble for the assoclated cholesterol 1nsolub111ty, '

(48, 58 59) s1nce re- expan51on of the pool by feedlng chenode-

'1voxycholxc ‘acid 1mproves cholesterol solublllty (46 60) in blle

. and;promotes.gallstone dlssolutlon (61,62). Blle/ac1d klnetlc
. Mstudiesfhave shown that7patients with‘gallstone¥ have 1ncreased
turnover of ChOllC and chenodeoxychollc a01ds, whlle the total :
blle aé&d synthetic rate is s1m11ar to normal values (53 54, 55,
d56) whlch suggests that 1ncreased blle salt 1oss 15 respon51ble'
for the dlmlnutlon of pool 51ze;, HOWever, patlents w1th gall—“
{stones hawe been'found to have lower act1v1ty of the enzyme
' Vcholesterol 7ahydroxylase (the rate llmltlng enzyme 1h synthe31s
A/;of blle ac1ds from cholesterol) in thelr 11vers, which suggests
that 1mpa1rment of blle ac1d synthe31s may also be contrlbutlng .
to. the dlmlnutlon of pool s1ze (63) In patlents w1th ‘d re-"--
dduced blle ac1d pool blle ac1d and le01th1n secretlon rates are
;lOWered whlle cholesterol secretlon rates remaln constant (48,
:,49 50) These changes 1n blle llpld secretlon rates reduce
’.:'concentratlons of blle ac1ds and. 1ec1th1n 1n blle whlle the r.

:i concentratron df blllary choleste}ol is unchanged and thefefore -

'ran 1ncrease 1n llthogen1c1ty occurs. Analy51s of data on :sx] 1

'v'humans by Swell has revealed that there 1s a dlrect correlat;on :

°ﬁfjbetween the degree of cholesterol saturatlon of blHF and bllé ‘;‘
~f"acld pool 51ze (3) }Flg. 2) Sif ”;°g'lffff":?i _f; "'%fﬁﬂ X
e Blle ac1d klnetlcs andipool size havevnot been measured q
hln pregnancy However, anovulatory drugs (estrogens and yt _ h
“"v‘.progestins) were found to 1ncrease the saturat’on of fastlng -

[.‘ 0}
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hepatic bile w1th cholesterol and to reduce. chOllC aC1d pool

.'s1ze and synthetic rate when measured in humans wrth a chole—

\ .
dochostomy (64) .- Cautlon must be exer01sed prior to extra-

polatlng from thlS study to the gra\'d state. Hyperpla51a of gut
w1th rncreased absorptlon potential for carbohydrate occurs -

during pregnancy but whether or not there is a change in bile

acid reabsorption rate is unknown; However, it is poss1ble that
A\

increased reabsorptlon would occur and compensate for any

-

reduction in hepatlc swnme51s of bile a01ds and hence prevent

a dlmlnutron of pool size. v

The Enterohepatlc Clrculatlon of the Blle Acid Pool

The enterohepatlc c1rculatlon (EHC) 1s a phy51olog1cal )
lwentlty Wthh serves to prov1de an endless flow of materlal‘
'from the liver by the biliary- tract to 1ntest1nal lumen and -
then back to the liver again. Anatomlcally the EHC 1s chan-'
‘neled into two main pathways, the portal EHC and the extra
portal EHC (65) (Fig. 3). ) | | o

j-“j In the portal-EHC substances secreted by the llve;i_;;gﬁv
».return via portal veln, to be extracted and resecré/ed by the
‘liver agalna Therefore Very llttle of the substance at any

time appears in the perlpheral bloodstream Blle ac1ds are
'.thought to undergo’prlmarlly ‘a portal EHC.. In the extra port-'
al EHC substances secretegﬁby 11VEr are absorbed‘fréﬁﬂlntes-7A
tinal lumen and pass v1a 1alteals 1nto lymphatlcs ahd draln B
'1ntovsuperlor vena cava.~ Chole$terol (66) and to a 1esser

’

. )
~extent phOSphOllpldS (67) undergo anijrtra portal EHC

- . A
K
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The EHC of bile salts is phy51ologlcally\rmportant in
.the followxng'ways B ' _ | .
(a) Adequate quantltles of bile salts are hece sary 1n gut
lumen for dlgestlon and absofgtlon of fat, fat soluble
v1tam1ns and cholesterol
(b) A normal EHC is necessary for regulatlon of bile salt
synthe51s from cholesterpl in llyﬁr (68) . Furthermore,

by regulatﬁng cholesterol reabsorptlon blle ac1ds

1nd1rectly lnfluence cholesterol qgmhe31s in the

1ntest1nal wall and llver as cholesterol controls its

own blosynthe51s by negatlve feedback 1nh1b1t10n (69, 70)
(c) A normal EHC of bile salts 1s requlred for normal hepatlc-

synthe81s and secretlon of, phOSphOllpldS
(dl Normal 1ntaqt EHC ot‘blle salts is required for normal :

secretion ot free‘cholesterol‘fer'llver into intestiF

nal tract. p o | o
Alteratlon of EHC . by 1nterrupt10n, slow1ng or obstructlon ‘are .
known to change blle comp051t10n (flg..é).

Interruptlon of EHC by experlments whlch lead to loss of
;blle acid pool increase the llthogen1c1ty of b11e of monkeys
and humans (41 42 45) .. Furthermore, resectlon, bypass or yfh
'dlsease of 1leum leads to chronLc loss or blle ac1d and the '
‘1nc1dence of gallstones 1ncreases (70 72) | Thls ralses the.ylif'
-questlon whether there are any p y51olog1cal condltlons that
'may functlonally 1nterrupt the EHC., Delay 1n postprandlal o
gall bladder eVacuatlbn occurs durlng the progesterone phase.f‘y

of. the menstrual cycle (42) and from the 4th month of preg-‘

v
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nancy until term (73). This gallbladder atony by sequestering
a 1arge quantlty of the bile acid pool from the EHC could lead
to. cholesterol 1nsolub111ty and gallstdne formatlon. That a
functlonal 1nterruptlon of EHC may’ occur is supported by -
_1nvestlgatlons on baboons (74) and humans (49 75) Wthh demOn-’
strate 1ncreased outputs of llthogen1c~b11e at nlght ‘or follow—_'
1ng prolonged fastlng when ‘the gallbladder is in the non
contracted state |

Vagotomy and pyloroplasty in monkeys was found to reduce7-~
.1ntest1nal motlllty and to slow EHC frequency, however the blle‘
acuipool size remalned normal (76) ‘ Consequently, a reductlon
21n b11e acrd secretlon rate and 1ncrease of llthogenlc;ty of
blle resulted (76) ' Increase of 1ntest1nal transrt tlme is -

.well known 1n pregnancy, but whether thlS has 51gn1f1cant

4 effects on the EHC of blle a01ds has not been determlned

.CholeStasis

Obstructlon of‘enterohepatlc c1rculatlon (EHC) occurs in fb‘
| hlgh 1ntest1nal obstructlon, portal veln thromb031s and 1n:ft°
' ballary stasrs (65) 1 As chol stasrs 1s con51dered relevant to ;;h
‘jpathogene51s of ChOlellthlaSlS and may compllcate pregnancy--];f»

thls condltlon w1ll be further dlscusseds e

i

1“¢Ethéhepéﬁig'fMechanical}_:fﬁj“

fCholeStasifls'
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Cholesta51s 1s deflned as the’ syndrome asgoc1ated with’ fallure
of blle to reach the duodenum (77) and. 1s aetlologlcally sepa—'
rated into. two types i.e., extrahepatlc and 1ntrahepatlc -
Common to both forms there is retentlon of ‘bile ac1ds resultlng
in abnormal dlstrlbuthn of pool.‘ Furthermore, hlgh concen—' |
tratlon .of bile ac1ds occur w1th1n llver (78, 79) and . these .
N‘/Jhave been found to suppress bfle acid synthe51s (65 80)
| Mechanlcal obstructlon of the blllary tract may be of
.1mportance in llthogene51s as many cases of gallstones are.
found in assoc1at10n w1th sten051s of the Ampulla of ¢%ter (81)-
or may be produced experlmentally by chronlc blllary stas1s 1n.\'
rabblts, monkeys (81) and dogs (81 82) 1 Repeated obstructlon
of blllary tract of a prlmate results 1n 1lthOanlc b11e on ;ﬁi
relief (65,80) Wthh suggests that 1n srtuatlons of 1nter-‘h
mlttent obstru!klon calcu11 may result Westphal (83) is
reported to have observed an 1ncrease in tOne of the sphlncter.'
- of Odd1 durlng pregnancy but thls has not been corroborated
| , Because the hepatlc structure 1n pregnancy 1s normal
"(80 85 86) the reduced ellmlnatlon of Bromosulphthaleln (87)
4:and rise in, serum alkallne phosphatase (88) suggest that
risuppre551on of the hepatocyte secretory mechanlsm occurs.s Thls;”_
‘hypothesrs 1s supported by the observatlons that estrogen - dy R
'dtherapy to rats (51 85) and monkeys (32 33) reduces blle salti?nr
fpsecretlon and blle salt dependent and 1ndependent flow rates. L
ydPrurltls w1th elévatlon.of serum blle ac1ds and Jaundlce may d,{;
' compllcate pregnancy or anovulant therapy (77 88), and 1n S

‘jthese cases the hlstologlcal (84785) and ultrastructural
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findings (86) are those of cholesta51s but the major duct
system is normal The 1mportance of these events in the
d-,gene315aof gallstones Ls.unclear as blle llpld secretlon or
3'b11e formation mechanisms have not been studled 1n the graV1d .

anlmal

The Role of the Gallbladder

', - Gallstones form in the gallbladder (yet the 11ver 1s_

- the 31te of orlgln of abnogggl blle), thus ralsjng the ques—".
’ tlon whether abnormal gallbladder functlon in any way contrl— rf‘
- butes to the mechanlsm of calculus productlon Thedgetlcally =

)

‘altered gallbladder functlon mlght 1nfluence gallstone forma-7ijc
(a)l Blle acrd metabollsm and hepatlc blle-comp081tlon;l;
"(b): Blle comp051tlon in gallbladder.-~n A.leli R |

"( ) Stone growth i “l ‘ L R S

l_ A ecent reports of the normallzatlon of blle composx-.”r
.tlon after'chohaystxomy suggested that abnormal gallbladder
vfunctlon contrlbuted to the secretlon of llthogenlc blle(by;‘gffsr
;athe lryer (90 91) Correlatlon of blle acrd podl size w1th;l7
E gallbladder capac1ty and the flnding of a reductlon 1n pool;héu'<f
g531ze fOllOWlng chohxastectomy suggested that abnormal gall-h;flﬂ
:tbladder functlon results in an 1ncreased EHC frequency w1th ‘f;."
'”consequent lncreased b11e salt loss and reductlon of bnle ac1d
l“pool 51ze (92) However,.lt has now been conclu31veurestab-“,b-"
5illshed that blle remalns llthogenlc after cholecystectomy ‘f”“ B
blK32 33, 42 93 94) and a. recent 1nvest1gatlon by Almond/et al.,‘ L

ERY



in 20

found no dlfference in blle acid pool sxzes, or blle ac1d‘syn-

»

thetlc rates pre and post cholecystectomy (94) These«flndlngs B

'1nd1cate that the metabollc defect in blle ac1d metabollsm
‘leadlng to cholesterol gallstOnes 1sﬂgot of gallbladder orlgln."
' It is unllkely therefore that pregnancy would alter ‘
,iblle ac1d pool 51ze or- synthetlc rate by 1ts lnfluence on th&
dgallbladder. Interruptlon of theuEHC by sequestratlon* of blle;’
faC1d in an atonlc gallbladder has been postulated as a mech-'
ism for the productlon of llthogenlc blle durlng pr gnancy.;tvd:
A further mechanlsm whereby the gallbladder may 1n~
iffluence llthogen1c1ty of. blle is by alterlng 1ts composrtlon
.through selectlve absorptlon of certaln constltuents.“ Blle5_}‘:
Mac1d or phosphollpld reabsoqmnon has been found to occur from
rnormal gallbladder (95 96) and thlS 1s accentuated ‘in- the 1n-?:f
_Qflamed dlstended or 1schaem1c bladder (95) These mechanlsms,;ir
'yp0551bly explaln the flndlng pf a reduced cholesterol holdlng
_,capac1ty of gallbladder blle relatlve to hepatlc bale 1n ml F
pon a llthogenlc dlet (97) Durlng ‘a prolonged perlod of gall— ffi
fbladder atony, such as occurs 1n pregnancy, contlnued reab-_:
”sorptlon of blle aclds and phosphollplds could lead to the
eproductlon of llthogenlc blle. Support for thlS theory is lf”
}offered by the flndlng of lower levels of conjugated mono and}
;dlhydroxy blle ac1ds 1n gallbladder relatlve to hepatic blle

~1n the pregnant rabblt (34) ~3]_Mi5-"ﬁ5"s1 Qsj:m”Lj_; g;rﬁ;‘i,
| Hydroly51s of lec1th1n in thexgallbladder due to an.};sffb
@1ncrease in phosphollpase A act1v1ty 1n blle, conVertlng

-
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: Slgnlflcant quantltles of lecithln to lysoleclthln and fatty
‘aCldS was proposed by BOUChler (98) . bubsequent absorptlon of
.bthe fatty aClds by the gallbladder would lead to dlsruptlon of ;A
:mlcelles qnd cholesterol preClpltathn | The flndlng of

vaalClum Palmltate in. gallstones is conSldered eVldence that

1ec1thln hydroly5ls occurs. Phosphollpase A ls normally pre— A

n,preClpltatlon from the supersaturated strata (99)

.Jents Wlth gallstones (101) and 1ts secretlon 1S lncreased ln

1t ‘('?.f

1sent in pancreatlc secretlons, may also by syntheSlzed by coll-'

form bacterla and has been lsolated from gallbladder blle

Supportlng the theory of pancreatlc reflux lnto the blllary

,tract Potter found amylase acthlty in 31% of gallbladder blleu-l:

spec1mens collected from pregnant women (2&) | The 51gnlfl— h,

,canceh and further proof of 1ts actual occurname requlres more¢‘

: aneStlgatlon IR R R /

A further explanatlon for the dlfference ‘in: gallstone:ylfi

:*lnCldence between parous and nulllparous women could be 5~:
- related to ‘an lnfluence on stone aSSlmulatlon w1thln the gall-;fﬁu
“bladder.< Retardatlon of emptylng may lead to a retentlon of

"abnormal blle and subsequent cholesterol crystalllzatlon. Also :

V. A

ln gallbladder atony*stratlflcatlon of blle lnto layers wrth

'-varlous degrees of cholesterol saturatlon would lead to 1ts,ffi.5

L : )
An lncrease ln mucus content ls found ln blle of patl-“

’-_"gallbladders of rabblts on allthogenlc dlet (102) - Trapplng of.":;;,._f X

tcholesterol crystals in the mucosal nlches of' the gallbladder

fgby the mucus (100) and the subsequent aggregatlon of the mucus~lh;



cholesterol complexes 1nto clots may be .an essentlal stage in

gallstone development (100 101) ‘and thls process would be |

-»ofavgured by a f?xxnd gallbladder. thtle 1s known about the s
. factors that nbrmally govern mucus secretlon by gallbladder.
'However, a recent study found no ev1dence of an 1ncreased

' jgallbladder mucus secretlon durlng pregnancy . 1n rabblts (103) y'

_ Carbohydrate Metabollsm | ,1 -7 _.!‘dj.
o The geographlc and 5001al dlstrlbutlon of gallbladder
'dlsease correlates dlrectly Wlth 1ncreased consumptlon of ;”-:
_reflned carbohydrates (2 4) and reduced 1ntake of dletary ‘o
' flbre (2 4). Cholellth1a31s is- also assoc1ated w1th dlabetesi;,

~(6 7 104) An 1ncreased frequency occurs 1n dlabetlcs (104)
l.and also 1mpa1red carbehydrate tolerance is: a common flndlng f:]7
1n patlents w1th gallbladder dlsease (105) Furthermore,“' |
3exper1mentally cholellth1a31s has been 1nduced ln dogs by |
blfeedlng a sugar r1ch dlet (106) 3 Imparred carbohydrate toler-:ff

';ﬂance occurs also 1n pregnancy but whether thlS 1s causally

”related Ep/the 1ncreased 1nc1dence of gallstones 1s unknown.fuuﬁ

el
-————Yrsummar ‘ ° | gy
R An lncreased 1nc1dence.of the cholesterol type gall-:?:f;
dfstone 1s assoc1ated w1th pregnancy or sex hormone therapy &
riAbnormal blle comp051tlon (llthogenlc blle) 1s a pre—requlsite,;g
f‘for llthogene51s and thlS may result from elther a reduced

'tblle a01d pool 51ze, slow1ng of enterohepetlc clrculatlon of
f_pool, 1nterruptlon or obstructlon of EHC or 1ncrea$ed secretroh.'

ifof cholesterol by the 11ver. A further mechanlsm by which
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lithogenic bile is thought;to.form is by selective'reabSOrption
of blle acids and phospholipids’from gallbladder,'associated
W1th hydroly51s of lec1thln by Phosphollpase A. |

Female sex hormones have been épund to lncrease lltho-
genlclty of blle and reduce'secretlon rate of blle ac1ds in the
prlmate In humans they result in a Jeductlon of blle a01d
: ;synthetlc rate and pool 51ze w1th subsequent 1mpa1rment of
cholesterol solublllty 4Study1ng-the effects of'pregnancy onl:d
blle comp051tlon 1n humans has ylelded confllctlng r;sults
Experlmentally, llthogenlc blle 1s found in: the gallbladder of d
pregnant baboons but no 1mpa1rment of cholesterol solublllty
was. found 1n the gallbladder blle of Rhesus monkeys, rabblts
’i orvgulnea pigs. The effects of pregnancy on blle ac1d meta-- ?‘5
bollsm or blle 11p1d secretlon are unknown‘ﬁ.‘ \ : -

From results of stud1es<wrth ammnﬂants and estrogens j::'d
. 1t 1s postulated that the 1ncreased sex hormone productlon 1n

i) _")

' pregnancy may suppress blle aCld synthe51s reduce pool 512e,_}f7

"reduce blle ac1d secretlon and 1ncrease blle llthogenlclty.;fdxif
Pregnancy may also cause a reductlon 1n blle a01d secretlon
because of SIOW1ng of EHC, due to the 1ncrease in 1ntest1nal
tran51t tlma.or of 1nterruptlon of EHC due to fallure of

‘ emptylng of gallbladder Furthermore, alteratlon of gall-fd'duff
bladder functlon may lead to selectlve reabsorptlon of blle ;’if
ac1d and phosphollplds,or to hydroly81s of 1ec1th1n thus L

altering blle comp051tlon 1n the dlréctlon of 11thogen1c1ty

- R PR

A ﬂkccxd gallbladder would also retaln abnormal blle and -gfv -

prevent removal of cholesterol crystals or mucus cholesterol

RN

o

S



complexes thus aidiné stone gréWth. | | |
Occﬁfrencé of‘ﬁﬁeée.hypotheses indiVidﬁallyVOr in con-
. certVWQuld explain the iﬁcreased incidencé_bf gallstqneé dué‘

td~pregnancy.
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CHAPTER ITT

MATERTAL AND METHODS

r

Choice€35=Animal Model
Ideally thls study would be more reWardlng if it were

: undeltaken on the pregnant ﬁuman, but the necess1ty for
surglcal 1nterventlon and/or 1sotope admlnlstnatlon forbldsv
such an exer01se, | B h
Studles ondprlmates approx1mate m re to the human

' 51tuat10n but an adequate supply of pregnant anlmais 1s not’p
auali;ble ; From the Rodent spec1es the rat was chosen as- an
,anlmal model because o - o : inh' 'E;.;5f~“;-hffghh>:/'
-h(a) fThe absence of a gallbladder 1n thlS spec1es meant that
. any changes seen 1n blle a01d turnover would be due to

the dlrect 1nfluence of pregnancy on the metabollc path—':h
k(b)-ﬁConstant avallablllty of an adequate supply of pregnant
| 'fanlmals.b“ - ERRTIT I S B ' o
(c) ,It was p0551ble to plan and accurately dlagnose pregnanc;,?h"‘

~~thus ensurlng rlgld experlmental control and fac111tat1ngfff~

'?experlmental programme plannlng._vin‘:
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(d) AcCuratenmatching was possible before induction of preg- .

nancy, thus ensurind‘that any observed.changes should be

2

due to ‘the effects of parlty : ' .

(e) The hardlness and durability of rat guaranteed a low
mortallty-durlng‘the study peried. |

(£) The literature contains much information on bile acid

metabolism and methodology for the rat.

Animals ”\"‘ S L~
Female Wistar rats 2 1/2 - 3 months of -age and with ‘an:

. . . . . . . R . A ’
~initial body.weight of 200-250 grams were chosen for experiment.

All rats were purchased from Woodlyn Laboratorles

'lelted, Guelph Ontarlo. Each month ‘a group’of.anlmals were

N

- taken-.and 50% were randomly chosen for 1nductlon of pregnancy

Pregnancy was. conflrmed by the vaglnal plug method Grav1d

’

anlmals'atglz days gestatlon and matched controls were trans-

-ported 51multaneously but in separate containers_to the
Unlver51ty of Alberta. | L
: . P
At the Surgical. Medlcal Research Instltute, the anlmals
were housed in plastlc cages in groups of four nd were allowed'

water ad llbltum and were fed Purlna rat Chowrf The room

G-

' temperature was constant at 19 21°C and relatlve humldlty at
35 40% nghtlng was controlled by a t1me sw1tch, malntalnlng

12 hours dayllght between 6 30 and 18 30 hours._hj
) E Before experlment the anlmals wenn allowed 7 days to .
1 T e N

adapt to the controlled env1ronmental condltlons.
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W

Bile Acid Metabolism Studi.esv

c The blle ac1d pool size, secretlon and hepatlc basal
synthetlc rates were measured in an acute b11e flstula prepar—
. ation, 31m1%ar,to_Mok et al., (1974)(52) u51ng‘Myant andHEder s
(1961) (107) modifications of Eriksson's (1957) (108) washout
techniquep - The validity of”assumptions:made on this experi-
mental preparation have prev1ously been verified experlmentally

in bile flotula Rhesus monkeys - (41 109). o .-

'Experlmental Groups

There were two’ groups of rats in this study'
(a) A control group of v1rg1n females malntalned under 51m11ar'
. T8
env1ronmental conditions to %regnant gropp and studled

31multaneously.

(b) 'Alfirst_pregnancy group‘at iQ'days-gestation. }"
The 19th day“of pregnancy'-Was*considered the{most suit—
able- tlme for study in the rat because 1t should represent‘.v

. more. closely the hyperoestrogen phase in last trlmester of |
vhuman‘pregnancy than any earller phase and studles carrled'

'out later would be compllcated by parturltlon ‘ Also it

’was eas1er to adjust exper1menta1 protoco} to'ﬂus tme

b

Surgery

.’*:-- .To av01d the effects of starvatlon on blle ac1d meta- .

bollsm, all the anlmals were studled 1n the non fastlng state L

. and to exclude changes in dlurnal rates of blle ac1d synthe51s,

each experlment was begun at a. constant tlme.‘

\.v ’ . : . y o : ’ .- '
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Anaesthesia was achieved by etherhinhalation. A
laparotomy was done via an upper mldllne 1nc1510n 3cms. in
‘length Pregnancy was confirmed where"relevant,by inspection
of uterine hornsd _The distal end of thevcommon bile dUct was
‘ :isolated};‘ligated and the proximal end'was cannulated wlth a.
fine polyethylene‘cannula'(P;E‘lb 024"O\D Portex polyethylene
' tubing)-lB" 1n 1ength -and secured there by 01rcumferent1al

1igaturing-of blle duct.” The dlstal end of cannula was then»y

inserted into the duodenum and secured there in order to maln-rlﬁ

taln contlnulty of the enterohepatlc c1rculat10n until collec—»'
tlon commencedu The loop of tublng was exterlorlsed v1a a
subcutaneous tunnel at the ba51 oc01put of the rat The abdo—

ymen was closed w1th contlnuous 4 0 51lk to llnea alba and skln.

I4

The rat was then placed in a Bollman restralnlng cagj (110)
wherein 1t rapldly recovered from anaesthe51a.’ Durlng exper1?
"ment the anlmal was allowed 4 3% Dextrose in- 0 3% sallne and

food pellets ad llSItum.

. Bile Collection

The one houraobservatlon perlod was adapted for the
experlment as in an’ earller pllot sthy it~ proved the most
convenlent and results were 51m11ar to those when collectlon _d*.
was commenced 1mmed1ately or: after 3 hours.‘ .

L B11e was collected at two hourly 1ntervals for a totali&.

of 22 24 hours by means of an. automatlc fractlon collector.;f'f"“

11~As the flrSt spec1men was for determlnatlon of bile compOSLtlon ff”

:thls was collected in a test tube malntalned at 0°C by sur—~
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‘roundlng ice packs and 1mmed1ately frozen prlor to transport to

the laboratory in order to 1nh1b1t any lec1th1nase act1v1ty
: N , ‘
known to- be present in bile at room temperature

All animals were welghed before and after experlment
' At conclu51on of experlment the anlmals were sacrlflced The' '

llvers ‘and uterl were excised and thelr wet welghts determlned"

_ C e
: Sy
Biochemical Analysis :‘,)

The volume of each speclmen was determlned prlor to
free21ng Cholesterol phosphollpld and blle ac1d levels were o
determlned in the flrst two hour sample and- total blle ac1d A
.levels on each suLsequentVXVO hour collectlon The cholesterolw
and phosphollpldilevels were determ1neduuthu14 hours of col~ -1“
1ectlon. The remalnder of spe01mens were stored at -20°C

untll blle ac1d analy51s

Blle Ac1d Concentratlons were determlned enzymatlcally o

:using Engerﬂs ‘and Turners (lll) modlflcatlon of Turnbergs and
Anthony—Moatés 3 a hydroxyster01d dehydrogenase technlque for
_total blle ac1ds (112) -
| ‘ Blle PhOSphOllpld was calculated from the total llpld
‘phosphorus content of blle (113) after chloroform methanol
“llpld extractlon (114) L ’ _ R 'FH
‘ ku Blle Cholesterol was determlned by the Abell (115)
'vmethod for total cholesterol in serum as recommended by Tonks

(116)
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Bile A01d Secretlon Rate

The blle ac1d secretlon 1s deflned as- the total b;le
.'ac1d output per 24 hours (malnly due to recycled but also to a
lesser extent due to newly synthe512ed blle ac1d$) as calcu—}"
lated by extrapolatlon from the output durlng flrst two hours
after cannulatlon of blle duct The valldlty of thlS extrapo—.l
latlon has been Verlfled by studles done in Rhesus monkeys g |
‘.uslng a technlque of c0ntrolled 1nterrupt10n of the EHC Withﬁ'
that preparatlon it was shown that the bllL ac1d secretlon rate‘:
durlng the flrst 2 hours after 1nterruption of EHC approx1matesh

, closely to the normal secretlon rate measured over the prece-
'm;dlng 5 to 7 days ‘in the steady state w1th .a v1rtually 1ntact

W&

»'EHC (41 109). L = _l'_’ . gf:;ugmj P”?f

B:Lle Ac1d POOl Slze ,‘“ S ' A_ . : N - i ‘

3 The blle a01d pool ‘may be deflned as the total mass of

‘blle a01ds 1n the EHC ( u moles/lOO gms ‘B. w ) ' In thlS prepar-f."

atlon 1t 1s the amount of blle ac1d obtalned from the tlme of
creatlng the flStula unt11 the 'low p01nt' on the washout
’;curve, mlnus the contrlbutlon due to basal hepatlc synthe51s._g~'“:

(Flg 6. _<’“‘“7,'}‘|T:f .j;_;”}‘." ,;;;.-;ty_})a,ﬂ~f

Blle A01d Synthetlc Rate
The 1n1t1al secretlon rate after flstula creatlon

:’remalns untll blle a01ds -in the EHC have been washed out (blle j'

__ac1d pool) Once washout has oomnzed secretlon reaches a low fd' '

7p01nt when any blle ac1d appearlng has been newly synthesxzed

.nby the llver 2 Thls represents the basal hepatlc synthe51s and"“"

\.
A
19
}
Vo
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extrapolated to and expressed as a 24 hour value (Fig.‘d);
i~Absorption Rate of Bile Acids.

e , \
The blle salts secreted by the llver con31st of two

vcomponents newly synthes1zed and a larger fractlon whlch has :
been transported there by the llver i.e. a_fract;on,whlchfhas
- ultimately been absorbed »3‘ 'J-h_ K BT f

| | Assumlng a steady state, absorptlon rate’of blle ac1ds
.may be determlned by subtractlng the synthe31zed fractlon from
-the secreted value ThlS extrapolatlon 1s a measure of the ;_Lf
quantlty of blle ac1ds absorbed and does not reflect the |

absorptlon capac1ty of gut

- Absorptlon Eff1c1ency of Blle A01ds !,7f7_ y_ffl=‘f'ﬂy;A’ff\wf;d

\'-

In order to determlne whether the changes in- absorptlon.
ecult from alteratlon of the 1leal actlve transport system or
'{Athe ava;lablllty of blle acld, the absorptlon eff1c1ency was wﬁ
]calculated, 1i. e, the ratlo of quantlty of blli a01d abscrbed to’;h:}

Uthe quantlty of blle a01d that 1s avallable for absorptlon .

v

3expressed as a. percentage.t‘ , 's',“_~f ?;.. f-f’f: E c'fﬂgﬂf“'

> Eff1c1ency of absdrptlon BT
.= 'Absorption rat‘i B
{. Secretlon rate

td

o0
C e e
0 > td
ll II L

| Slnce the secretlon rate.ls the-product of poolA51ze
~3and the number of tlmes the pool c1rculates per day, and 51nce jS:&
- both secretlon rate and pogl 51ze ay be determlned, the c1rcu- ;ﬁ;“
flatlon frequency (number of EH cycles per 24 hours) may be ;’ffcff:

T

_/A
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BILE SALT SECRETION. (umoles)
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| | Basal H."ep.qr_ic'?'_Sy'r_'gt'hesis "‘

HOURS AFTER BILE FISTULA

FIGURE 6

) .
L

BILE SALT SECRETION PATTERN DURING FIRST 24 HOURS

AFTER CANNULATION OF BILE DUCT OF RAT
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'-calculated,by dividing‘secretion'ratelhy pool size. "

; Bile:Lipid Composition: o B :u""~ J_I

This was determlned by expre551ng the.results for
1nd1v1dual llplds in flrst 2 hour’ blle sample asga~molar.ratio.

'(Moles %) of all. three 11p1ds Jf f,'lv_ﬂ.,jll lfﬁ?ivfff 'f‘gf

'ihBlle Cholesterol and Phospholipld Secretlon Rates

These were extrapolated to 24 hour values from the

"outputs durlng the flrst 2 hours of COlleCtlon.bdi;='»‘“..

= Blle Volume/24 hours S

Dally blle v°1ume was extrapolated from the volume col—

llected over the f1rst 12 hours as reCUﬁmended by Mok et aln(52)

. ='f'_J" .

"Statlstlcal Analy51s

:" The mean values, standard deviatlon and standard error',‘fﬂ
":of meah were calculated routlyely for all parameters.ﬁ“.i;}j
- R

S The S1gn1f1cance of dlfferences between mean values

'{,was analysed w1th the non palred Students"t"test A dlffer—fgf"

' fence was con81dered s1gn1ficant when the probabllity (p) value’=ﬁfj

’37was less than o 05 (5%).;_;ff~‘f<?"

o




The anlmals tolerated the procedure Well and there was'

Eovno mortallty Each anlmal lost on aVerage 25 grams body*”
':{welght over the 24 hr collectlon perlod,}but appeared to eat
:?.and drlnk adequately.. Acc1dents such as dlslodgement of can—*'
: nula or. splllage, were few and when they occurred the anlmal.-
i"was rejected from study.v At autopsy on cross examlnatlon there'ﬁh
1;dwas no ev1dence of 1ntra-abdom1nal leakage, pancreat1t15,h~t,ffht;
hf;stress ulceratlon or intestlnal obstructlon.3¢fflj§fdl g
rf,ff Mh It was orlglnally 1ntended to have 30 anlmals 1n both

-

,groups but at conc1u51on of the experlment 29 control and 24 ?fﬁ
. . .”.aﬁn;s

Uh pregnant anlmals were avarlable for study.;,f'”‘:-at-:2-u~”¢nc:_”,a

In all anlmals the blle salt secretlon pattern was srml-fﬁf

- '7 L
-;jlar to Flg. 6 and therejwas no dlfflculty w1th rnterpretatron ¢(€=

- or calculatlon of the. v rrous parameters.n Howe“er. m_.j ‘

lf\number of anlmals an 1nadequate volume of blle was produced 1n

*

’ the flrst 2 hours to facrlltate quantltatlve determl"'t:_np:

the cholesterol and phosphollprd levels.e-.fff7h'ﬁ




- There Waslno'Statistical’differenceﬁbeEWeenhthewfreshw‘
‘l.welghts of llverseﬁ;determlned at conclus10n of experlment .:5‘

"(Table I)

g.Blle Secretlon

v _ Blle secretlon output remalned remarkably constant
throughout the 24 hour collectlon perlod desplte the fall 1n
T;blle salt secretlonh_ Blle volume/loo gms B W /24 hours was
"s;mllar in. both groups (Table II) |

'. The 1nd1v1dual blle llpld secretlon rates were each
a

:. s1gn1f1cantly reduced 1n the pregnant group, b11e salt secre-5;;“‘

- tlon by 22% (Flg 7 Table III), phOSphOllpld output by 37%

‘t(Flg 8 Table III), and cholesterol by 40% (Flg 9 Table III)';flrQ

'EUBlle Salt Pool Slze and EHC Frequencx

The pool 31ze of b11e aclds was measured in . 28 control?Vﬁpi

'5'and 22 pregnant anlmals and was found to be slgnif‘cantly

z‘reduced by 38% 1n the grav1d group (Flg 10 Table IVJS

s L

'7;was no dlfference xn EHC frequency of blle ac1d pool between

:,the two groups (Table V) and the normal EHC rate of the lom:_Ti;f:f

:ffblle aC1d pool would appear to be the cause of the reduction o

'ltln blle ac1d secretion rate.va{5};17f3i“*
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LIVER MASS Grams/100g B.W.

CONTROL =~ - ' PREGNANT . .

‘ ',No. of Rats PR | | - f..2§. .aQ‘.,“- f' 7-»‘7 24
e R '. 3.74fﬂ_~j‘:' ,”;'."?1'3%90[¢
stdiDev.. ... . . . o.58 . o.54

Lotvalue 0 oo ety o)
p value ."i '1‘«%fL" ,lf.'f Lom N

TABLE I ’  ;,.f; ;:;; j;{‘[f,h=-

2

. THE:EFFECT OF PREGNANCY ON THE FRESH LIVER WEIGHT

IN THE RAT

e };TQ BILE/VOLUME SECRETIQN Mls/lOOg B. W'/24 hrs.

CONTROL  tT3jj3,<;QVpREGNANT

. ﬁo, of Rats-lf_{ffﬁ.?14;;T ,; $;f3253vﬁ:f:i}f zfujfifjgfﬁ[ZZ;“3;15 
Mean. Ui 660 g T7.00 5

,._Std Dev.-f7"" P T2l00 3L

b s. EBL T 5 T R ey 1| DU

St vé:lué. Sl io e 0880 L

| _" 5gjlf1~f TABLE 11 ST e
THE EFFECT OF PREGNANCY ou BILE SECRETION ,-

IN THE RAT
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' B FIGURE 8 '
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BILE CHOLESTEROL SECRETION (nmoles/100g B.W. /24 hrs.
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BILE SALT POOL (2 moles/100g B.W. )
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BILE SALT POOL uMOLES/100g B.W.
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CONTROL PREGNANT
' No. of Rats 28 22
. Mean 31.47 18.19
Std. Dev. ©12.20 5.19
S.E.M. 2.30 1.11
t value - 4.6841
p value - <.001 |
‘TABLE IV

‘ THE EFFECT OF PREGNANCY ON THE TOTAL BILE SALT P OL

IN THE RAT

MENTEROHEPATIC CYCLE FREQUENCY OF BILEEﬂﬂm POOL/24 hrs.x'”

CONTROL N N PREGNANT
No. of Rats 5 ]27 o e 22
Y'Mean ' . 6.0 . ”5a6g8-if"'
'Std. Dev. S22 Sl
S.E.M.’ 0.41 - “*._-06363f<
ot value = 'f,,l 4576.f__
p value ; N S % AT

Ja

O*N.S.:p».05

TmnEv_,;j*

IN THE RAT _.F

F'THE EFFECT OF PREGNANCY ON THE EHC FREQUENCY OF BILE SALT POOL
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lIntestinal.Absorption of Bile Acids

f The absorptlon rate/24 hours in therpregnant group was-‘~
22% lower and thlS flndlng is statlstlcally 51gn1f1cant (Flg. .r‘
11 Table VI) However the Eff1c1ency of Absorptlon is SImllar
1n both groups (Table VI) whlch 1ndrcates that the reduced
e absorptlon rate may be due to the unavallablllty of blle salts

2

for absorptlon rather than 1nh1b1tlon of the blle ac1d actlve

N

transport system in the 11eum

Basal Hepatlc Blle Salt SyntheSle,ﬂ‘

i

| | The results from measurements of basal hepatlc blle

' .salt synthes1s per 24 hours are shown }n F1g 12 Table VII

| In the pregnant group blle salt synthe51s was SIgnlflcantly
depressed by 36% and thls flndlng would appear to be the only

explanatlon for the reductlon 1n pool 31ze.n ;g,_

Blle Llpld Comp051tlon L

” The concentratlons of the 1nd1v1dua1 blle 11p1ds in the f
flrst two hours blle sample are expressed as a molar ratlo "off?
(moles %) of all three llplds._ The Bile ACld content of theid;i{fi

11p1d fractlon Was s;gnlflcantly greater 1n the gravxd than con-'ﬁg}

C

trol anu’als but the PhOSPhOllpld content was reduced by preg~'?w4’

nancy : Cholesterol content was very low 1n all anlmals but was'5

It markedly reduced 1n the pregnaﬁt group The character of these;fkf

observed changes excludes dllutlon or concentratxpn of whole fo(
N R

blle as an explanatlon of these flndlngs (Table VIII)

To determlne 1& any overall change 1n cholesterol

ca v- .

"solublllty occurs 1n pregnancy comp051t10n, data from both
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groups were.plotted on trlangular coordlnates\as mod&fled from
hAdmlrand and Small (20) (F1g 13) L In thlS spec1es th% thrée |
'cpmponent system 1n blle 1s represented by the darkened area |
“’at lower left hand corner of the standard trlangular‘ coordlnate‘f
“graph Therefore 1n order to compare SOlUblllty characterlstlcsiii

of the two groups comp031t10n data were plotted on a modlfled
f_graph (Flg. 13) Thls reveals that 1n the rat cholesterol f@?
5solub111ty at least was not adversely effected by the reductlonbi{:
:rs.of blle ac1d pool by pregnancy Ty SRR - Lt
 Sumn umnary

In the pregnant group relatlve to c0ntrol there was a :'7

"~51gn1f1cant reductlon 1n blle salt synthesrs, pool 51ze and

f}secretlon rate, but the enbaxhepatlc cycle frequency was un- t’377“
. fchanged The absorptlon rate of blle salts was also lower 1n
; gfthe pregnant anlmals but the eff1c1ency of absorptlon was 31m1-;q“_

viglar to control group Blle phOSphOllpld and cholesterol secre-hﬁif

»lfhtlon rates were srgnlflcantly lower 1n the pregnant group and

fljcholesterol SOlubllltY was: not adversely affected A general
”ﬂoverv1ew of the 1nd1ces ofﬂihe EHC of blle salts 1q control andﬁ:fi

.{;fpregnant rats 1s presented 1n FJ.g._14‘:‘~‘..:':...“:,},_,;..;,__T
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'~ . CHAPTER V

‘D-ISCUS-S.ION o

‘The methods used in measurlng blle ac1d turnover 1n>r."
'fthls study are 31m11ar to those used 1n an experlment on rats i
by Mok et al (52) A comparlson of control data from both

&—a

”~‘invest1gatlons reveals 31m11ar flndlngs for brle ac1d measure- o
b_ments a;art from the secretlon rate whlch was 1ower 1n our S
‘f:study at 163 4 pmoles/loo gms BW/24 hrs.~as compared to 185
.umoles and thrs d1f§£rence may be a varlable between colonles
“_of rats. The washout method'used 1n the context of thls L
t{study should have many advantages over the other methods
anvallable to study blle acld metabollsm., Whlle blle ac1d
?ubool 51ze and synthetlc rate may be determlned by Linstedge
fflsot0pe dllutlon technlque (117) 1t may be an unsultable
ffmethod for a study such as thls. In the 1sotope method'“';fh;nﬁi
ﬁiserlal brle sampllng, durlng a steady state,-ls requlred rn‘
gdorder to derlve a spec1f1c act1v1ty decay curve.; The short
:ygestatlon perlod and the rapld fetal growth could vary condl-;y;}
:atlons such that th1s system‘mlght be Lnapplrcable ln gravxd o

~frats.1 Furthermore blle aC1ds are known to cross placental
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barrler but whether or- not they are conoauxated by the fétus is
unknown {118). Thls 1nformat10n is essentlal for an 1sotope
study as transplacental mlgratlon and concentratlon of blle
_fac1ds would 1ntroduce to the experlment further varlables"
_partlcularly in anlmals with varlatlons in- fetal numbers., An
-advantage of the dlrect method 1s that all studles are com-
“pleted 1n a 24 hour perlod thus ﬁac111tat1ng control and |
;standardlzatlon of experlmental condrtlons. Whlle b11e 11p1d
secretlon rates may also be measured 1nd1rectly by the duodenai

'perfﬁ51on method (50) thlS technlque is elaborate and- unsult—'

.able for appllcatlon to rats 'Furthermore,adlrect»measurement"

‘0

is con51dered ‘more accurate
. In thlS 1nvestlgatlon both groups of rats were maln- .

tained under 51m11ar condltlons The only 51ngle varlable 1n

the experlment ‘was. pregnancy hence any observed dlfferences

between the two groups must be con51dered due to parlty or '

assoc1ated fadtors.. It lS therefore shown that pregnancy 1n ['fhﬁ

'the rat S1gn1f1cant1y reduced blle salt pool 51ze, synthetlc,:,g

:secretlon rates together w1th cholesterol and phosPhqllpld
-d 65_ | The s1gn1f1cant reductlon 1n blle ac1d blosyntheSLS

7has not been prevrously descrlbed 1n the grav1d state though
1t has been suspectéd to occur frpm t[:b51m11ar flndlng after

ffemale sex hormone therapy (64) er of[separate'mech-

4

'anlsms may be postulated for thls dlmlhuthn 1n Synthetlc d"l;Vf}ﬁ’“

'rate for example

(_) Impalred avarlablllty of choiesterol to the pool whlch _7Q_{
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is utilized for bile acid synthesis. |
i(bf A partial deficiency or inhibition\v'of,theenzymefsystem~
producing bile acids. = | R | |
(c) Diminished hepatic secreti;n of bile'acids
_The*e mechanisms have not been studied during pregnancy and
minimal data concerning the effects of female sex hormones " 1si.
available from pharmacological experiments.‘ A further dlf-'
‘ficulty in the explanatron of this effect is. that pregnancy _
and sex hormone therapy may produce suppreSSion of bile salt ‘
‘syntheSis by different mechanisms Administration of sex
hormones is known to suppress the endogenous se; hormone pro; .
-duction from cholesterol (119) while in pregnancy increased |
: sterOidogeneSis demands increased availability of cholesterol
.substrate. It is pOSSlble therefore that exogenous hormones_
and pregnancy have oprSite effects on the Size of cholesterol
pool. Variation of cholesterol podi size under different
onditions has been found to alter bile aCld pool Size and
synthetic rate in rats and in humans (118) Whether or not -
Significant changes ‘in cholesterol pool Size or biosyntheSis :
occur during pregnancy is unknown but a lowering of pool Sizet
is suspected to accompany the graVid state not only due to _
’?the increased hormone syntheSis but also estrogens may sup-ﬁf%nf
- press cholesterol synthe31s (120) i,f‘h f'firﬂ”:' |
Cholesterol 7ahydroxy1ase is the rate llmiting»enzyme:’
in the syntheSis of bile acids from cholesterol Reduced '

yactiVity of this enzyme resulting in impaired catabolism i

cof. cholesterol is thought to explaln the incqease in serum and
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tissue cholesterol’levels ﬁound'in some hypolipidaemic states
(118). The serum cholesterol levels in“humans (121) and rats
(122) fluctuate widelynthroughout pregnancy and eleyate_to—

~ wards .its final stages but nhether theSe effects result from

changes *n the cholesterol 7ahydroxylase act1v1ty in llver 1s>

}unknown.‘ ‘Whilst the status of thls enzyme is unknown durlng

Pl

4pregnancy a reductlon in hepat gs 1S'excluded as a cause
‘of the reductlon ir bile salt :j;EEL is. ‘Rétention'of bilefh
acids w1th1n liver would also suppress thlS enzyme syster buth o ?§
whether the hepatlc blle salt level 1ncreases normally durlng'.
pregnancy requrres ta, be determlned ‘h\ | |

The reductlon of blle a01d pool saze by pregnancy has a
not been prev1ously descrlbed.. Changes 1n 51ze of bile salt‘°

At

pool have been found to occur w1th either an alteratlon of .
bile'acid synthe51s or reabsorptlon (52) | The flndlngs ln |
'fthls study 1nd1rectly exolude an 1ncrease 1n 1oss of blle |
ac1ds and 1ndlcate that a 1on gile.salt s}nthetlc rate is the‘l
only causatlve agent in the reductlon of the pool 51ze.~ Thls
;reductlon 1n the presence of a. normal enterohepatlc 01rcu&a-xu
tlon cycle frequency may explaln the reduced blle salt S
lsecretlon rate /However the reductlon 1n hepatlc transport
‘of.- blle ac1ds by estrogen therapy (32 33 51) and brdmosulph—'
halelnﬁexcretlon 1n pregnancy (87) sugéests that suppre551on
'of the hepatocyte b11e ac1d actlve transport system may also
be contrlbutlng to thelr hyposecretlon.ni‘<‘ o
o Lowerlng of b111ary cholesterol and PhOSphOllpld

ﬂsecretlon rates psually accompany a reductlon of b11e salt



_secretion and this may explain their reduced outputs in the
gravid rat. ﬁ;;sk_difference of phospholipid concentration o

tin'human hepatic’bilevﬁth ajkmer concentration‘in‘femalesihas

"been reported (123) and is con51dered by Nllsson to 1ndlcate‘
- L ‘

Y

suppre551on of phosphollpld\synthe51s by" female sex hormones.;“

(42) . The reduced secretlon rate and blilary concentratlon
of phOSphOllpldS assoclated w1th the.dlmlnlshed retur of
| bile salts to the llver in the- pregnant rat suggests that
.phosphollpld synthe51s may also be reduced‘\ A reductlon of
cholesterol synthe51s and pool size in pregnancy has been

'prev1ously postulated in this dlscu351on.

" Whlle the bile salt pool 31ze was notlceably reduced o

by pregnancy cholesterol solublllty in blle was not adversely -i'

'caffected as 1ts secretlon was also reduced. Thls flndlng is
_in marked contrast to that in humans where reductlon in blle‘d
.a01d pool 51ze by a 51mllar magnltude would result 1ntan“

ilncrease in: blle llthogenlcity (53 54 55 56 57) ' j".

) Interpretatlon of our data in- relatlon to cholel tho-} o
‘genesi$ in humans requlres a: comparison o;\compos1tzon char—hfW

acterlstlcs of rat and human blle., The hlle ac1d charactere:_?*

1st1cs are 51m11ar{1n both in that the dom;nant prlmary bllefJ"

ac1ds are ChOllC and chenodeoxychollc.j In the rat they are

:conjugated almost exclu51vely w1th taurlne as compared to the,;ff

human where the glyc1ne to taurlne concentration ratlo is fh

;between l and 6 (124) A further difference 1n blle %omp031—ffi-

itlon is that rat blle is very dllute when compared thh that e

u::—‘

_of humnmsand solublllty data are not avallable for model f;fffn



e
ternary solutlons hav1ng this degree of- dllutlon In addltlon#
to this very low levels of cholesterol are found in rat blle |
~ and this. makes 1t dlfflCUlt to. relate changes in bile 11p1d
-comp031t10n to the -area of cholesterol;solublllty and gall—

stone formatlon A, further dlfflculty in the use of the rat
or 81m11ar an1ma1 model for the study of. llthogenlc factors f
in 1le 1s that no. anlmal spe01es other than the baboon and
"huma s are known to form gallstones spontaneously

| A f1nal dlfflculty whlch arlses when relatlng changes
in - blle acid metabollsm durlng pregnancy 1n rats to the cllnl-
cal 51tuatlon,1s that the estrogen responses durlng pregnancy

kmay not occur to the same degree or duratlon in: rodents as 1n_f"

monkeys or humans (33)

N
%

eficés thlS study demonstrates that real changes 1n blle acrd

o Nevertheless, desplte the con51derable spe01es dlffer-]f

:turnover and blle comp031t10n occur 1n assoc1at1on w1th the
‘grav1d state. Should 51m11ar,chan9e 1n b11e aCld pool occurig‘f;
Jdurlng human pregnancy supersaturation of blle w1th choles-:v
iterol would almost certalnly be.’ the result particularly 1n
_those women wﬁgre blllary cholesterol levels normally

approach saturatlon values. K
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lCONCLUSIdNS‘
.lt Pregnancy caused a marked reductlon in the blle Salt synth-
etlc rate in the rat. | |
l‘2; The absorptlon rate of blle salts was ?ower 1n the prege,-
-.nant group but thlS effect 1s due to the unavallablllty of |
, blle.a01ds for absorptlon rather than suppre351on of the

N .
1leal actlve transport system ‘as. the efflclency of absorptlon

is unchanged.. o
: l

i:3g_ As‘a result of thlS change in. synthetlc rate thereuwas a o
slgnlflcant reductlon 1n blle salt pool 312e., | . "l' -
~=‘4. The EHC frequency of bxle salts was unchanged by pregnancy
‘15“ Blle ac1d secretlon was reduced by pregnancy probably as:_:
:=a‘result of the reductlon 1n the blle salt POOl-ggy,7ff}

6.l Assoc1ated w1th the reductlon 1n blle salt secretlon was

.a reductlon 1n outputs -of blle phOSphOllpldS and blle choles~rrz
terol 'j .'1~ 7';‘..;l‘_1 | j" ' .L'- i -
y7. The flndlng of a»reduced pool sxzepof b11e ac1ds together if
fw1th the low output of phOSphOllpldS suggests that phospho-io:»
ifllpld synthe51s may also be reduced 1n pregnancy.al;f,ifofg‘_
-'§¢_ There was no adversexchange 1n bile cholesterol solubility
”]durlng pregnancy in: rats due . ‘to 1ts greater reductlon in
"secretlon rate. 3J,ta:“1¥;jy 1lffl"‘;ff; f*'f_;,{pg;;,]ff;fjlf"
f?9. Extrapolatlng from thls experiment to the cohtext of human
nlgallstone formatlon 1t 1s postulated that if a similar reduc-fj”

?_tlon 1n bllé ac1d pool s1ze occurred durlng/human pregnancy it

,.would result 1n cholesterol supersaturatlon of bile par icu— :;’
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YAPPENDIX
N \—1\4 -‘ .

BIOCHEMICAL ANALYSIS e

ﬂ:BiIe‘Acidsr

Total Blle A01d levels were determlned enzymatlcally
' u31ng Engert and Turner s modlflcatlon (lll) of Turnberg and
' Anthony-Moate s (112) 3ahydroxy ster01d dehydrogenase technl-I

ce
ERPR

. que for total blle ac1ds

-Princigle ;‘-‘»'
) . The Blle A01ds are 3ahydroxyster01ds and react w1th
/éahydroxyster01d dehydrogenase 1n the presence of Nlcotlnamlde f’"
| adenlne dlnucleotlde (NAD) to form Ster01d Ketone + NADH.w~
" The reactlon may be represented as .1fl'tfl,‘ ' |
4 B11e Ac1d + NAD <—;f— Ster01d Ketone +. NADH + H N
B 3ahydroxy steroxd dehydrOgenase o

Completlon of thlS reactlon to the rlght is obtalned u51ng {5.
| hydrazlne as a ketone trapplng agent._ The NADH is estlmated o
‘spectrophotometrlcally and ltS concentratlon 1s proPOrtlonal ja‘.

;'fto the quantlty of blle salt present.

':'7lf7°



L2
-Reagents

1. Sodium pyrophosphate solution (0 1M) ;Adjust~tq pH 10.2

:w1th 0.1 N. 'NaOH.

2. Hydrazxne sulphate (1. OM) Add 3. 4 ml of 95% hydrazlne,

1.5 mls concentnated H2504, make volume to 100 mls w1th

ﬂdelonlzed water

3. Nlcotlnamlde Adenlne Dlnucleotlde (6. BmM) 1Add'4;9 mgms .
| Vto each l ml of delonlzed water‘ _ﬁv. V .

4. Chenodeoxychollc Acid (CDCA 10 OmM Sol )._.Add 20.5. mgms - -

‘to 4-ml delonlzed water, followed by 1 ml of 0. 1 M. NaOH.~'N

9. 3aHydroxyster01d dehydrogenase (Enzyme and Prepafatlon)
j1s a. crude preparatlon of. drled cells of Pseudomonas test-;,{
osteron1 'so mgms Alumlna and 5 mls g% 0 03M of trls-gd°inw
}i(hydroxymethyl) Amlnomethane (Trls) and 0 01 M sodlum/.iﬂ

| "uEthylene-dlamlnotetrocetate (E D T A ) The resultlng
:suspen51on was centrlfuged for 20 mlnutes at 16 000 R P.M.l'

' i}and the supernatant was used dlrectly for the blle salt
’.assay _. . 5 ' .

= E For blle salt aseay.the};eaéents,vstandards and blle

samples were added to test 1n the volumes (mls) outlined below._f



73 .

‘ 'ChenOdQOXYChOllC-.‘
A01d (10. OmM) o

‘Chehodeoxyeholic~
S “heid
:;Blank‘ . Test VStahdards
Buffer 2.0 2.0 2.0 - 2.0 2.0
Hydrazine - 1.0 1.0 . 1.0 ‘Il 1.
NAD 0,5 . 0.5  + 0.5 0. :
Bile L 000025 0.0025 . - .- o
' Enzyme "Prep" . - g.o25 0.025 0:025 0.025
'BOiied Enz:‘Prep:" .0.025 - -“ S

0.01 0.03 0.05

‘_f The tubes were 1ncubated for, 60 minutes at 37°C 1n a water {-7

a.bath The optlcal den31ty was then read agalnst the blank

Spec1men in a Unlcam S P 1800 Spectrophotomete;?at 340 Nm._afv?i

'~A graph was constructed plottlng CDCA standard concentratlon-fjf

fagalnst absorbance and the quantlty of blle salt 1n teSt

;sample was determlned from the standard graph.,“ .“



Phosﬁhbligidéf}h

»

R e . v .
T S -

The PhOSphOllpld concentratlon was. calculated from the

“I

total llpld phosphorus content of bile, o

‘Prlnc1Ele

R The phOSphOllpld 1ec1th1n 1s extracted from blle w1th

_orated to dryness, the resxdue 1s dlgested w1th Sulphurlc A01d

'lfand Hydrogen Peroxlde. Phosphorus in the dlgeSted extract ;L7mf

ﬁ,theagentS/ ftffi

"reacts w1th ac1d = Molybdate solutlon to form Phosphomolybdlc

[

ac1d . The Phosphomolybdlc ac1d lS reduced by Amlnonaphthol-"

JSulfohlc ACld to form a blue colour w1th an LntenSLty propor-'“ﬁ

tlonal to the amount of phoephorous present.

R

hl:flChloroform/Methanol mlxture Volume Ratlo 2 l.

-1;}5;~fSod1um Blsulflte 15% wyv Dlssolve 30 gms reagent grade 'J

”*ZQfUSulphurlc Acid 5 N. Add 145 mls of ccncentrated sulphurio

:fra01d to delonlzed water andﬁmake volume to l liter. }f.>ﬁ}4‘

V"l3ierllute Sulphurlc Ac1d 1 ml concentrated sulphurlc acld.,u
‘ 'Dllute tog llters w1th delonlzed watei G

‘l4}jw_ydrog4n Perox1de 30% Reagent grade."

]Sﬁt:Ammonlum Molybdate SQIutlon 2 5% W/V Dlssolve 12 5 gms

7]ammon1um molybdate 1n delonlzed 'water and make volume to

. LTI
‘-,

'dt;500 mls. ;o'

'5sod1um blsulfite 1n delonlzed water and make volume to

- 200° mls. FUAR e e L T

ts‘f L -

‘a mlxture of chloroform and methanol and the extract 1s evap-



8. Amlnonaphthol Sulfonlc ACld Reagent. Add 0 5 gram l 2 4

5

A.f7.1;Sodium'Sulfite 20%-W/V:' Dlssolve 20 gms anhydrous re-

'1_agent grade sodlum sulflte in delonlzed water and make~.»'=

'fvolume to 100 mls _'- :

.
amlno&aphthol—sulfonlc a01d to 195 mls of 15% sodlum bl—-*

!.'

sulfnte and 5 mls of 20% sodlum sulflte solutlon. oShake
f,untll dlssolved ,;fpf;: l§-{}ffi7i_?g‘qf‘f~n5'¢7§'v

e ,' . - \

‘ 9.f Standard Phosphorus Solutlon 0 08 mgm/L. Dlssolve 351 4

‘~'fmgms of pure dry potass1um dlhydrogen phosphate in 20 mls~ .

fof ‘5N. sto4 , Make volume to l llter w1th delonlzed water.

*‘_Procedure

The volume of blle (l ml) was added dr0p by drop to 22

p“volumes of chloroform/methan%& mlxture whlle mmxing 1n a vor—f-

/

f;t The mlxture ‘was then allowed to stand at rpom tempera-fﬁfeu

'f‘ture w1thout agltatlon for 5 minutes.; The tube was t

f.ﬁ_stoppered and shaken for 30 seconds. brOught t° 25 volumes bY

v_jaddltlon of choloroform/methapol--- and the mlxture was then

Ttallowed to stand for 5 mlnutes after whlch the extractron was {55

" complete 5 ml of dllute sulphurlc acid was added to the mlx-‘ff

sk

:?;ture and th‘ tube was 1nverted lo times wathout shaklng.a The

lf'and 5 mls of thlS phase‘werI transferredw o,atdigestion dp;__

Tf'atus and the solutlon evapo

"mlxture was allowed to stand for lo mlnutes for equllzbratlon‘ gf
:LjVof the phases, followed by centrlfugdtion at 2 ooo R P M.«for

7?15 mlnutes.v The lower chloroform phase contains all the llplds

ated to dryness




o 7%
, ,

_ n the colour of mlxture turned brOWn or . '

to slow boxl;ng

black and remalned cons ant the tube was removed from dlges-
ltlon apparatus,-allowed o cool sllghtly, and l drop of 30%

'5 hydrogen peroxxde was aysed to the dlgestlon mlxture.. The' d;'t

i>ttube was then replaced on the dlgestlon apparatus and the

:ﬂheatlng contlnued Further hydrogen peroxrde was added when

'3necessary untll the mlxture became colourless.- The dlgestlon _i

'Efwas contlnued for a further 10 mlnutes after the last addi-u _f

it tlon of hydrOgen peroxlde

iiz The standard was prepared by transferrlng 0 5 mls of the

'~x‘phosphorus standard solutlon to a dlgestion tube and addlng

w37_2 5 mls of SN H SO 2 5 mls of COnc Sulphurlc ac1d served

} 2" 4 L
“f;as blank The same number/of drops of hydrogen peroxlde were‘ .

' .-added to the standard and blank tubes as were requlred for

7lfthe dlgestlon apparatus and the contents b01led for ten

_lrthe PhOSPhOllpld test samplé.v The tubes were then placed °n'rjf7

‘l"mlnutes The contents of each digestlon tube were then dllu-i:°“
' 'ted wrth a few mls of delonlzed water cooled to room termper-??%f

l”jature, and then'transferred to 25 ml volumetric flasks‘wlth ﬁt7;

aﬂ'repeated washlng so that the flask was approxlmately helf

“dffllled 2 5 mls of Ammonlum molybdate solutlon were'addepftojffﬁ
ff,each volumetrlc flask followed by l ml 6£ AminonaphtholmSul |

?yThe opt1ca1 den31ty of each specimen was then mel ured* itj

ffyunlcam SP 1800 Spectrophotometer at a wavelength of167”nm.
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.Calculatlon of Total Llpld Phosphoruq Qand Phosphollg;d Content

The standard contalned 0 04 mgms phosphorus.

OD (unknown) 18
OD (standard) x 0 04 x ”E X 100

: énipidup,-mgm/lOQles“bile =

.RPhQSPhQ%lp;d_mgms/loo_mlsﬂbf}g QD (standar“) % 14 4 x 25
o The molar concentratlon of phosphollplds 1n sample was
f,nthen determlned (1 mole le01th1n--793 mgms) ”
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CholeSterOl:

| Though cholesterol ex1sts in blle dnly 1n the free
-form the Abell method (llS) of estlmatlng serum cholesterol
ifwas applled aS»thlS method 1s used routrnely on a: dally ba51s

1n the laboratory

."‘Prlncrgle :F | _ | | |

- In this method the serum or blle 1s treated w1th |
‘zghalcohollc pota331um hydrox1de to llberate cholesterol from -fh;
,_lllpoproteln complexes and to saponlfy cholesterol esters._av
’ngho}esterol 15 then extracted 1nto a measured volume of e
"L;petroleum ether. .M1a11quot of the petroleum ether extract 1s ]F
A‘imeasured utlllSlng the Llebermann—Burchard reactlon, and the .

]f};greenécolor is” read spectrophotometrlcally.“ﬁ

‘_Reagents ) ’ .. — k ‘ 4’ v . \ - ‘. ‘
| 'fl;;;95% Ethyl alcohol, redlstllled4 SR R L e e

A

f;2;ijetroleum Ether (P Pt 68°C) Reagent Grade.,

,;:3; tGlac1a1 Acetlc Acxd'- Reagent grade. }]3ﬁgjfff;;.?;;,?:r{ufh

'j;?4}ngoncentrated Sulphu;lc ACld - Reagent grade.l,j"g""

"hTSfytAcetlc Anhydrlde = Reagent grade free from HCL.,if337§\fﬂff*

b

6. vPotaSSLum Hydroxlde Solutlon, 33% W/W Z; DlSBOlVE 10 grams
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! _ . T _
. . o .

.grams of cholesterol (Recrystalllzed 4 tlmes from absolute

-methanol and- drled to a constant welght) 1n absolute meth-g_

‘sanol : Make volume to 250 mls w1th methanol

lfitS,Q;Modlfled Llebermann-Burchard Reagent. Ch111 20 volumes off;
| }?acetlc anhydrlde be%owt\lo°c 1n a glass stOppered flask._;f?
lwhlle Shaklng flask slowly add 1 volume to concentrated
l’sulphurlc ac1d and keep the mrxture cool for 9 mlnutes,‘:£ ¢
e_r;Then add gla01a1 acetlc a01d (10 Volumes), a}low to Warm ?_f
'fffto room temperature‘ Use reagent w1th1n one hour‘Qf o

BT
.. o

C reparatlon.-ff‘ B

“:.,-j”_-»_____________Procedure' e S f L WL T G
| 0. S«ml Qﬁ blle 1s measured xnto a stonpered centrxfugejrﬂ
:l}tube to whlch lS added 5 mls of alcohollc KOH. The tube 1s 12;
.'well shaken and 1nchpted 1n a water bath at 37- 0°C for 55

~'m1nutes. Aftericoollng to room temperature 10 mls of petro—'}iﬂ-

,flgleum ether are added and well m1xed.= 5 mls of water are_then {3«

'"fto large dry test tubes. The petroleum ether 18 the -evapor




4-.89‘
}tubes' ‘The contents are well mlxed and 1ncubated for 55 mln—

"Putes at 37 40 C.. 10 ml- of petroleum ether and 5 ml of deion-:_'ﬁ
: 1Zed water are added and the tubes shaken v1gorously for one-7

'ymlnute.n After centrlfugatlon 1,2 and 3 ml samples of the |

Tv-petroleum ether layer are measured 1nto dry test tubes and

e

h‘.evaporated to dryness prov1d1ng standards equlvalent to 0. 2,_;-75

| Tfo 4, and 0 6 mgms cholesterol After coollng to room temper-:[ .

' "ature 6 mls of modlfied Llebermann-Burchard Reagent 1s added-,

'yat one mlnute 1ntervals to the standard and sample tubes conef"

’-;_talnrng the dry re51dues and also to a blank test tube. The

dg:reagentche opt1ca1 densrty of each sample 1s read agarnst

‘;tubes aré then stoppered and mlxed u31ng a shaker 1n a dark

ﬁcorner of labOratory. Ekactly 30 mlnutes after addlng the

f’ the blank 1n a Unlcam 1800 Spectrophotometer at a. wavelength

‘..,"

'}~Calculat10n of Results ubfdyfiukif:"n L e SEAD
' The optlcal densrty equlvalent to 1 mgm of chplesterol’

_(S) is calculated from the readlngs cf the standards..i yﬁ,,gj[‘"

R

S | - oD of Standard 5 L "sijL i$F3i”
-”-éﬁ,j"i Mgm Cholesterol ln Standard ;lg}“
The S Value for all standards must agree withln 4%,\_

. and the average of all values 1s used for calculatlng the L

fﬁ;Cholesterol cdntent of sample as fOIlows.;’}ynf7

7f:0D of unknowm (Blle) x 10
el s X.i ,l¢_, Vol Petrol
; i”: o Ether Allquot

& Mgm Cholesterol/loo mls of bil




8

- The molar '~Jc’cj>r.1ce_rﬁ1trat‘i‘on_0f «‘dho‘lest;:ol in sémp’le i_s
~ then determined (1 mM cholesterol = 387 mgms).

B



- STATISTICAL_METHODS |
The arlthmetlc #ean, standaqd dev1atlon and standard

Verror of mean was calculated for each serles of obserVatlons

~as follows:

Arithmetic Mean;' L ‘.,';3?_'7

R

=Mean .

.xL.'H‘v
]

‘Observation - i

.x ‘
i

I}

‘5Numbet'cffqbservations: T

Standard Deviation ~ . - W

Stadﬁard Dev1ation

¢'3:
no

T

Observatlon ;wgﬂﬁaf;&

l' - 4

i
B

"ﬁ¢Standard Error of Mean ?e;tf’fﬂtﬁifl”:;5~fﬁi_ﬁihf):f[?? ;d:ﬁbiﬁ“

Standard Exror of Mean wae.

Standard Deviatlon

ffff~Number.ofgobservatlonS;fffffﬂﬁ o

2
I

e e
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\,' . The unpalred Students 't' test was used to determine

»whether the difference between the two means was significant.

. The Test is: o o o T : , .
_ Difference between both Means h
Standard Error of Mean Difference

a

,XT - X2 | ',e§i' Mean of samplé 1.

]

a . 1'ng . §éi = ‘Mean of sampie"é;

s + s2. o ® C sy _=“”Standard ErrOr ofg

: Mean leference’

.Hav1ng calculated the"t“ valne - the probablllﬁy,value nas
'fobtalned from the {f{ table for the approprlate degrees of
tilfreedom (DF) | tit;;_lv ’_ | vt_ T : |
In thls context DF L : (N ' + Nz) _2 | ,
.ﬁ(DF The nunter of 1ndependent randonf‘elec'}ons_that may

be made from a s%mple )
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~

. . , : .
SIGNIFICANCE. OF PROBABILITY LEVELS

ProbabilMty (p) of Interpretation )
‘diffefences being due - .
€

-
£

>
to chance.

~

P ¥ more than 5% p>(0.05) Significant differegce not proven.

P = 5% to 1% p<{(0.05) Difference ig just éignificaht.

P =1% to 0.1% . pg(0.01) Difference is signi'ficanﬁ.

P = 0.1% or less p<(0.001) Difference is highly significaﬁ%.
. : —

yoo- o
A 4

2 ‘ Lol ’ ‘\ b
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