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STUDIES OF THE EXCRETION OF CHOLESTEROL

- AND ITS METABOLITES

SUMMARY - Ph, D. THESIS

W.D. Mitchell. T ‘ 1968 .

This thesis describes work on the development of new techniques
of faecal neutral steroid and bile acid analysis and the app lication .of
these techniques to a variety of clinical circumstances in which the
metabolism of cholesterol; and the output of faecal steroids might be
altered. ’

The thesis is in four main parts.

1. A consideration from an historical standpoint of cholesterol metabolism
and its regulation;, in particular; the reduction of serum cholesterol
levels by three groups of compounds-;
a) Inhibitors of cholesterol biosynthesis either at an early stage in

the biosynthetic pathway or at a stage after the cyclisation of

squalene,
b) Compounds which cause increased excretion of faecal bile acids

and/or faecal neutral steroids.

c) Compounds which act by impairing cholesterol absorption.

2. A review of the application of thin layer chromatography (TLC) to

lipid analysis. In this section the use of silver nitrate impregnated TLC,
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2.
reversed phase TLC and derivatives in the separation of structurally
similar compounds are discussed together with the application of

TLC to quantitative analysis of faecal neutral steroids and bile acids.

3. A detailed considerdt‘ior.l"of the way in which TLC and other methods
have been modified for use in the present study. The extraction

of neutral steroids and bile acids from faeces is described together

with methods for their qualitative and quantitative analjrsis o A

technique for estimating biliary bile acids is also described.

4. The final section is concerned with the application of quantitative

techniques of neutral steroid and bile acid analysis to four problems.

a). The effect of oral taurine on serum cholester ol and biliary bile acid
co;xjugation was studied in three subjects. The~ results suggest that
although the proportion of bile acids conjugated with taurine in human
bile can be readﬂy increased by feeding taurine this has no effect

on serum cholesterol concentrations.

D). The mechanism by which clofibrate reduces serum cholesterol in

patients with hypercholesterolaemia was investigated by three approaches.

1). The effect of clofibrate on the pattern of biliary bile acids
in five subjects with hypercholesterolaemia.
2). The effect of clofibrate on faecal neutral steroids and

bile acids in twenty one subjects.
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3). A comparison of the effect of clofibrate and L-thyroxine.on

serum and faecal lipids in four hypoth yroid patients.

Clofibrate did not appear to alter the conjugation ratio or the
pattern of biliary bile acidls in the five subjects studied. The resﬁlts
of the comparafive study with L-thyroxine suggest that the mechanism
of action of clofibrate is quite different to that of L-thyroxine in lowering
serum lipids. Studies of faecal bile acids and neutral steroids in the
21 subjects strongly suggest that the r eduction of serum cholesterol
by clofibrate is not produced by an increased excre tion of cholesterol
or its metabolites in faeces. Inhibition of hepatic synthesis of

“cholesterol seems a more likely explanation.

¢). The effect of increased oral calcium on faecal neutral steroids and
bile acids was studied in six subjects. Although calcium markedly
increased faecal bile acid excretion there was no reductioﬁ in serum
cholesterol concentration.

d). The final problem studied was the effect of dietary cholesterol on
serum and faecal lipids in a single subject. The results of this experims
suggest that there is a negative feedback mechanism in which the level of

dietary cholesterol controls the hepatic synthesis of cholesterol.
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SUMMARY

This thesis describes work on the develop-
ment of new techniques of faecal neutral steroid
and bile acid analysis and the application of
these techniques to a wvariety of clinical cir-
cumstances in which the metabolism of cholesterol,
and the output of faecal sterocids, might be
altered,

The thesis is in four main parts.

I. A consideration from an historical stand-
point, of cholesterol metabolism and its
regulation,

II. A review of the app}ication of thin-layer
chromatography (TLO) to lipid analysis.

III. A detailed consideration of the way in
which TLC and other methods have been
modified for use in the present study.

IV. The final section is concerned with the
application of quantitative techniques of
neutrai s%efoid and bile acid analysis to

states of altered cholesterol metabolism.
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NOMENCLATURE

The following trivial names have been used.

Cholesterol '~ : cholest-5-en-3@-ol,
Coprostanol : 5 Pp-cholestan-3B-01.
Coprostanone ¢ 5 Bp=-cholestan-3-one,
B-sitosterol : 24 a-ethyl ~— cholest-
5=en=-3f=-0l,
Campesterol : 24 aq=-methyl =— cholest-
5~-en=3p-0l. '
Cholestanol t 5 a-cholestan-33-0l.
Lathosterol : 5 a~cholest~7~en-38-01l.
or Af-cholestenol ‘
4ﬁu—cholesten—3- : cholest=l4~en-3-one.
one .
Lanosterol : 4, 4, lh-trimethyl-
cholesta-8;:24~dien-
3‘3"01.
Epicholestanol :t 5 a—choleétan-jq—ol.
Epicoprostanol : 5 B=-cholestan-3a-o0l.

Cholic acid

W

@, 7a, l2a-trihydroxy-
5B-cholanoic acid.

Chenodeoxycholic &, 7a=-dihydroxy-5p-
acid cholanoic acid.

w

(1]
W

a, l2a-dihydroxy-58-
cholanoic acid,

Deoxycholic acid

Lithocholic acid

W

a=-hydroxy=-53~-cholanoic
acid.
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INTROCUCTION

DISCOVERY 3

Cholesterol is the major sterol present in
the tissues oftgammals. It was first described
in the latter half of the 18%h century by De
Fourcroy, (1789) but it was not until 1815 that
Chevreul showed that the substance, obtained by
ether extraction of gall stones, could be
differentiated from other waxes as it was un-
saponifiable. He named tne material cholesterine
from the Greek "chole", (bile) and "stereos”
(solid). Between 1824 and 1838 cholesterol was
found in human and animal bile (Chevreul, 1824),
in human blood (Lecanu, 1838) and in brain
(Couerbe, 1834),

DLSTRIBUTION OF CHOLESTIROL:

The amount of cholesterol present wvaries
from tissue to tissue and from species to species,
Table I shows the estimated distribution of

cholesterol in a 70 Kg. man (Cook, 1958(a).
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Table I. The estimated distribution of
cholesterol in man.

Tissue sterol

System as approximate
% of total body
Rt sterol
Brain and nervous system 23

Connective tissue (including

adipose) and body fluids., 22
Muscle 21
Skin 9
Blood (S]
Bone marrow 5
Liver L

Heart, lungs, kidneys, spleen,

blood vessels 4
Alimentary tract 3
Adrenal glands ‘ 1
Other glands -

Skeleton -
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Cholesteroi is also present in considerable
concentration in bile (Polonovski and Bourrillon,
1952) and faeces (Eneroth et al, 1964) but only
in very small_goncentrations in urine (Kayser
and Balat, 1952).

The presence of cholesterol is not confined
to mammalian tissues: 4t occurs abundantly in
egg yolk (Gobley, 1846) but is present only to

a minor extent in plants (Heftmann, 1965).

BIOSYNTHESIS s

Bloch and Rittenberg (1942a, 1942b) using
deutero acetate, CDBCOONa, first showed that an
intact animal could convert oral acetate to
cholesterol, More exact data on the incorpora-
tion of the two carbon atoms of acetate into
cholesterol were obtained by Little and Bloch
(1950) who found from experiements with double
labelled acetate that fiteen carbon atoms of
the cholestefol‘ﬁolecule were derived from the

methyl carbon of acetic acid and the remaining

twelve from the carboxyl group.
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The biosynthetic pathway of cholesterol

from acetate is outlined in the following

scheme.

parts,

1)

. n e

The biosynthesis of squalene from acetate

is derived from an inferpretation by
Cornforth (1959).

The biosynthesis of cholesterol from
squalene. The pathway outlined by
Cornforth (1959) for this part of the

biosynthetic sequence no longer holds

.

true and scheme 2 is therefore an intexr-

pretation dexrived from works of Clayton

(1965), Popjak and Cornforth (1966),

Corey et al. (1966) and van Tamelen et al

(1966).

The pathway may be divided into two



_ 5. |
THE FORMATLON OF CHOL‘“‘"TLRUI - Part T, CBio synthesi s
' .. of squalene from acetate. c

ASH
- 3CH3COH C:’:T )) 3CH;COSCoA — Cou )ﬁH -+ CH3COSCoA + CTIacOCHnCOSCOA

( S-acetyl S-acctoacotyl
coenzyme A : coenzymo A

. !
(lzﬂs S (|3Ha ' CH,
ATP G TPNH o -
-/ (B\ = / (1)\ — / A)\ + CoASH
H,C CH, H,C CH, - . H, CH, .

| H ‘ ! | H
HgO;;POI’IzC COgH HOHz ('}OQH COASO(% ([JOQH
E-Phosphomevnlomc oo : - Mevalonio acid . - '§-3-Hydroxy-8-methylglutaryl

acid ‘ . L coenzyme A
lATP =
CI‘Ia / - A - ’ . Iu. . ‘.
I I ‘ : C§2 : "
ATP  Intermediate
: \ S -
. H,C J) CH, . with 3 atoms P

C—CE,—CH;0P04H;
Isopentenyl
~ Ciig pyrophosphate

Hg0,P;0 1122: H &OQH

5-Diphosphomevalonic R . . -
acid .

CHj,
%CH*‘CHQOPgOGHa

CHj;
. 3,3-Dimethylallyl pyrophosphate

‘CH, . - CH,"
N\ - NP N\

2 . %C}ImCHQOPQOBHa + 4 ‘/C'—'CHQ"“CHQOonGHB
CH; CHa

' ¥

CIIa . CH3 : CI‘Ia ] N
-2 /C-——CH—CHZ—CH-,;——- CII—CHngHg-—-C——CH—CHgOPgOgHa + 4H4P207 _

CHj

. Farnesyl pyrophosphate
- ~ ‘ lTPNH

033 o CH, T 77 CH,
CH» : - ks

Squalene -

i
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Part IT. DBiosynthesis of cholesterocl from sgualene,
A scheme based on work of Corey et al.,, van
Tamelen and Clayton,.

}: zg ‘ i i { g i
B ) Nea
RN o ¥ e~ /’
g\\\U\f T /\U\ /CO io 2 (@)

i

f).

o~ HO™ A A
SQUALENE 2,3~OXIDOSQUALENE LANOSTEROL V

\if’?\/\ w//’\/\/
! i
O e N

[ CHo | croH

DESMOSTEROL " CHOLESTERGL



Sites of Svrnthasis.

The synthesis of cholestexrol has been
demonstrated in virtually every tissue of the
mammalian body with the exception of the mature

- A e e

nervous system (Srere ci zl. 1950). As the
cells of the adult brain are incapable of re-
generation it is possible that there might be

a relationship between the ability of cells to
regenerate and their ability to synthesisc
cholesterol. The liver was originally rcported
to be the sole endogenous source oi circulating
cholesterol (Hotta and Chaikoff, 1955). This
is no longer true as cholesterol is now known

to be synthesised by the rat intestinal wall

and to enter the circulating cholestexrol pool
(Lindsey and Wilson, 1965; Dietschy and
Siperstein, 1965). Table II summarises various
gites and the efficiency which these sites

ik
convert acetate - C° to cholesterol (Xritchevsky,

1958() in the rat.



Table XX, The efficiency with which wvarious
sites convert acetate -~ C1% %o
cholesterol in the rat.

Tissue Liver = 1

Liver 1.00

Intest;;e 0.60

Testes '0.31

Kidney 0.0k

Adult skin 0.90

Newborn skin 1.93

Adult brain C.00

Newborn brain | 1.85

Aorta 0.02 (chicken;
0.002 {rabbit

STRUCTURE ¢

The elucidation of the structure of
cholesterol was achieved mainly by Windaus
énd his associates between 1919 and 1932, who
however failed tTo arrive at a satisfactory
formulation. _ The structure (I) (figure 2)
was finally established by Rosenheim and

King in 1932,
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Cholestercl, a 027 steroid, has a double bond
at the A/B ring junction as shown, and a

hydroxyl group in the 358 position. The
systematic name for cholesterol iszﬂ5—chole$ten—
38~01, or cholest~5-en-33~01.

Steroids are nunbered as in I. The nucleus
being a relatively flat structure is conveniently
represented as planar. Groups attached to the
nucleus which are above the plane of the ring
system (i.e. on the same side as the angular-
methyl groups at C-10 and C-13) are called B and
bonds Jjoining them to the nucleus are drawn as

heavy lines. Groups below the plane of the ring
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system are called o and the bonds are drawn as
dotted 1ings.

Rings A and B may be fused either trans-
(e.g. 5 a~-cholestane II) or cis {e.g. 5 PB-
cholestane IIX) but rings B and C ar¢ irans in
all naturally occurring Su6501dg. The rings
C and D are fused tTrans in nearly all types of
steroids. (Figure 3).

Ficoure 2.

!,

Metabolism of cholostercel.

Cholesterol may be derived from the diet

or be synithesised within the body. The principal
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te of synthesis is the liver where cholesterol

G
N

is also converted to hile acids (Byers and

Biggs, 1952).

Most of the cholesterol lost from the body
is excreted iQWEhe bile. Approximately 80% of
the cholesterol so excreted is in the form of
bile acids, Zn man, these are conjugated with
glycine or taurine (WOotton and.Wiggins, 1953).
Most of the bile acids reaching the intestinal
lumen are reabsorbed and carried to the liver
via the portal vein (Siperstein amd Chaikoff,
1952), a process known as the enterohepatic
circulation of the bile acids. The remainder
is excreted as faecal bile acids.

The remaining 20% of biliary cholesterol is
in the form of free cholesterol. In the small
bowel this mixes with ingested cholesterol and
as the enterohepatic circulation of cholesterol
is not as active as that of the bile acids a
larger proportion reaches the colon. The cholesterol

which is absorbed is transported via the lymphatic



system and not by the portal venous system to
the systemic circulation (Chaikoff et =2l, 1952).
Bile salts and cholesterol which are not

reabsorbed are finally excreted in the faeces,

- m aem e

P

after further transformation by the intestinal
micro-organisms.

These pathways are illustrated in Figure L,
and the processes of absorption; catabolism and

excretion are explained in more detail in the

following sections,
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ABSORPTION OF CHOLESTERCL FROM THE INTESTINT:

i *

The earliest demonstiration that cholesterol
was absorbed from the intestinal tract was made
by Jankau in 1892 using dogs. Twenty-three

yvears later Mueller (1915) showed that dietary
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ciiolesterol is absorbed via the lymphatic system
and that the ratio of free to esterified cholesterol
in the lymph was not altered by feeding free or

esterified cholesterol oxr fatty acids, It was

e

nnot until 1952 however, that Siperstein et al
using cholesterol—#~clq, demonstrated the obliga~-
tory function of bile salts in cholesterol ab-
sorption. Investigations by Swell et al (1953)
and Pihl (1955()showed that cholic or tourocholic
acides werc the most active in promoting cholesterol
absorption, The conveyance of intestinally
absorbed cholesterol to the systemic circulation
via the thoracic duct in‘preference to the portal
venous system has been confirmed by Biggs et a2l
(1951) in the rat and by Hellman et ali (1960) in
Mein. This was achieved using tritium labelled
and Clu labelled cholesterol,

In man the site of cholesterol absorption
from the intestine has been shown by Borgstrom

(1960) to be in the proximal part of the jejunum.

Balance experiments on the apparent absorption



of cholesterol in man have shown that cholesterol
is poorly absorbed: the degree of absorption is
however greatly influenced by the foxrm in which
it is fed. When fed as crystalline cholesterol
only 16% is absorbed, whereas fed as cholesterol
in the form of eggs 60% is'absorbed (Cook et al,
1956). Cook (1958(b)) suggested that on a body-
welght basis the smaller experimental animals
have a more marked absorption than do the larger

species. Table IIT,

LTable IIL. Absorption of cholesterol in different
animals,

Specimen Tyvonical Amountd Absorntion
Weicsht fed/day %. gm./kz. body-
e weizht/day
Rat 300 g. 0.3 Lo O.h
Guinea pig 400 g. 0.25 50 0.3
Rabbit 1.5 kg. 0.5 75 0.3
Dog 10-12 kg. 1.6 50=80 0.1
Man 70 kg. Crystalline 15 0.01
1i0.0
Egg 6.9 60 0.02

However if the amount of cholesterol fed
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to the animal is calculated per unit weight of
animal then it is evident that the smaller
animals were presented with a much greater load
of cholesterol than the larger species Table IV.

Table TIV.

Specimen Tvoical Amounit of Amouvit of
Veinsnt crolesterol cholesterol
Cad/Cayv 2. fed/kg. of

animal e

Rat 300 o 003 Se 1.0 e
Guinea 400 g. . 0.25 g 0.7 &
pig
Rabbit 1.5 kg 0.5 go 0.33 g.
Dog 10-12 kg. 1.6 g. . 0.16 ¢g.
Man 70 kg, Crystalline 0.14 g,
10.0 go
Egg 6.9 8o 0.10 g,

It is therefore unjustified to conclude
from the evidence presented in Table III that
there is a species difference in cholesterol
absorption.

MECHANISM OI' ABSORPTION OF CHOLESTEROL:

Several studies on the mechanism of
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absorption of clholesterol in rats have establish—
ed that the stexrcol can enter the mucosal ceils
only as unesterified cholesterol (Treadwell et

Sasamrere —re

al, 1959, Treadwell et al, 1962). The fact
that cholesterol esters are not absorbed to any
greater extent than Iree éholesterol and that

conditions in the intestinal lumen favour hydro-

lysis (Vahouny and Treadwell, 1958) lend support

to this theory. Swell et al. (1958) suggested

By

that the cholesterol esters formed in the mucosa
do not pass into the lymph alone, but are trans-—
ferred along with triglycerides, phospholipids,
free cholesterol and profeins, in the form of
chylomicrons. The exact site of formation of
such a complex is unknown. Swell and his
colleagues furthexr suggest that cholesterol
absorption is closely interrelated with the
absorption and transport of other lipids and is
not an independent mechanism. Recently, David
et al. (1966) have suggested that cholesterol

esters in the diet are hydrolysed by cholesterol



ester hydrolase‘of either pancreas or mucosal
brush border and that the free cholesterol is
transferred to the mucosal cell. llere, they
believe, it .is_re-esterified for transport in
the lymphatic system., The finding that the
rate of re-~esterification in the mucosal cell

is parallel to the rate of removal of the

ester from the cell and that the brush border
rapidly takes up dietary cholesterol without
effecting any quantitative change in its own
cholesterol content, suggests absorption by a
displacement mechanism, This had been postulated
earlier by Glover and Green (1955) and by Murthy
et al. (1963).

EXCRETION O CIHOLESTIEROL :

Cholesterol is eliminated from the body
in two main ways: 1) direct excretion as
cholesterol into the gastrointestinal tract from
the liver in bile and from the intestinal mucosa;
and 2) hepatic oxidation to cholanoic acids which

are then excreted into the bile as their taurine



19,

or glycinc coanjugates,.

L

l) LZxcretion of cholesterol as neutral steroids:

Although cholesterol is catabolised mainly
to bile acids it is also excreted in the faeces
as neutral ;;;;;ids. Faecal neutral steroids
consist of cholesterol and its metabolites
(mainly coprostanol (IV) and coprostanone (V))
together withh phytosterols of dietary origin,
such as B-sitcstercl (VI) and canipesterol {viI)
which are also accompanied by their metabolites
(Eneroth et al. 1964), Small amounts of
cholestanol (VIIXI) and lathosterol {(IX) (Xritchevsky,

1958b),Cook, 195&c), have also been detected.

(figure 5).



20.

I’ oure 5,

‘ | > ¥ coprostanone

HO
e H C,Hs . H CH,
- 1Y coprostanol

Vi campesteroi

HO HO

Yi ﬁ—sito sterol

HO IX lathosterol

HO

-

Vil chclestanol
COPROSTANOL EXCRETION:

The most abundant faecal steroid is normally
coprostanol, It is formed by microbiological

reduction of cholesterol in the lower intestinal

tract, especially in the colon (Rosenfeld et al.
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i . In addition the con-

e

1954, Wilson,.l96l
version of chélesterol to coprostanol by bacterial
cultures isolated from faeces has also been
demonstrated conclusively (Rosenfeld et al. 1954).
No coprostanol is excreted by germ free animals
(Danielsson and Gustafsson, 1959) and coprostanol
formation can also be abolished by tThe administra-
tion of a number of antibacterial agents (Rosenheim
and Webster, 1943(b), Wainfan et al. 1952, Coleman
and Baumann, 1957). In addition to antivacterial
agents various dietary constituents have been

found to influence coprostanocl formation (Wilson,

1961).

Two explanations have been advanced to

explain the conversion of cholesterol (I) to

coprostanol (IV).

a) a direct stereospecific reduction of the
double bond at C5-6 (Schoenheimer et al.
1930),
and

b) a three stage conversion from choiesterol (I)
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involving the intermediates q-cholesten—
3=-one (X) and coprostan-3-one (V)
Rosenheim and Webster, 1943).

These routes are illustrated in figure 6.

Figure 6.

- H —
1 1V

A

Y
—_—
2 2
O @ H
X A-cholesten-3-one v

However, Rosenfeld et al. (1954) showed



thiat copyrostanol

using radio—~actlive cholesterol ¥
is produced principally by the direct saturation

of the C5-6 double bond of cholesterocl.

2 Inxcretion as bile acidsy
A Formation of ile acides in thae liver,

Bloch ef ai. (1943) using deuterium labelled
cholesterol demonstrated the direct transformation
of cholesterol into bile acids in the liver.
This was confirmed in 1952 by Byers and Biggs
using tritiated cholestexrol,

Investigations into the exact nature of
tlie biliary end products or cholesterol have shown

. .

that in the rat the major biliary products are
cholic (XI) and chenodeoxycholic acids (II),

both present as the taurine conjugates (Siperstein
et al. lQSh)g and in man, cholic acid and chenodcoxy~—
cholic acid plus a small proportion of deoxvcholic
acid (XIII) conjugated with glycine or taurine
(Wootton and Wiggins, 1953).

Although most of these conjugated bile acids

are re—absorbed from the intestinal lumen a small
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proportion of them pass on to the colon where
they are converted by bacterial action to free
bile acids as a result of removal of the glycine
or taurine fragment. The Ta-~-hydroxyl groups

is also largely removed by bacterial reduction.
In this way, cholic acid is broken down to de-
oxycholic acid, whereas chenodeoxycholic acid

is converte& to lithocholic acid (x1v) (Carey

and Williams, 1962, Danielsson et al. 1963)

figure 7.
D1 ure I.
/ cholesterol

COOH COOH

Xl chenodeoyy—
HO" L “oH cholic acid

COOH _~_~COOH

lithocholic
acid

Xl dzoxychohc XIV

acid HO"

-



The "primary" bile acids are cholic acid
and chenodeoxycholic acid, A comparison of
the formulae of these acids with that of
cholesterol_would suggest that the following

reactions tvake place:-

l) hydroxylation at C-7 and C-12

2) inversion of the C-3 hydroxyl group
3) saturation of the double bond

and
L) degradation of the side chain

Bergstrom et al. (1954) and Fredrickson and
Ono (1956) suggested that in the conversion of
cholesterol to bile acids; alteration of the
cholesterol nucleus occurs before degradation of
the side chain. However, the observation that
26-0H cholesterol is metabolised to chenodcoxy-
chholic acid (Danielsson, l961(g), and Berséus and
Danielsson, 1963) suggests that this is not in-
variably true and that Bergstrgm's conclusions
require modification i.e. the nucleus may be

elaborated after terminal oxidation of the side-



chain,

The first reaction taking place in the

L.

nucleus seems to be the hydroxylation at C-7
(Lindstedt, 1937k)Janielsson, 1961(b)). However,
it may be con;idered that both hydroxylations at
C-7 and C-12 occur4simulta:ﬁeouslyo Once the
nucleus has been hydroxylated at C-7 and C-12,
the hydroxyl group at C-3 is inverted from the B-
to the o- orientation (Danielsson, 1961(b),
Hutton and Boyd, 1963). Hutton and Boyd (1963)
also showed that the inversion appeared to ndDre-
cede the saturation of the double bond.

The side-chain is then oxidised very rapidly
to give a C-24 acid (Briggs and Staple, 1960)
but the initial step is the oxidation of one of
the terminal methyl groups to a hydroxymethyl
group (Danielsson, 1960}).

X the view that the nucleus may be elaborated
after terminal oxidation of the side-chain is
accepted, then it may be concluded that that part

of the cholesterol which is oxidised to 26-0H
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chholestercl (Sanle;sson; ~Oul, Zerscus and
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Danieloson, 1952; would give rTigse ©vo tae chaeno-

deoxycholic acid present in the oxrganism whiliie

the cholic acid pool is derxrived from the
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nucleus before any oxidatvion in the side-chain.

In sumnary,; the degradation of cholestexrol

1) hydroxyiation at C-7 and C-12,
2) inversion of the C-3 hydroxyl group,
3) saturation of the C5-CS5 double bond,
) oxidation of a terminal CHB group to OH,
5)  oxidation of this OH group to a C-27 acid,
6) oxidation at C-24,
and
7) cleavage of ithe terminal 3-carbon unit

leaving a C-24 acid.
This is illusirated in figure 8. (Van Belle

1965). S
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B Txtrahepatic metaoboiism of the bile acids.

1.

The bile acids in human bile are conjugated
with glycine or taurine, the normal ratio of
glycoconjugates to tauroconjugates being 3.2:1
(8jdvall, 1960)., This ratio lhias been found to
be the same for cholic, chenodeoxycholic and
deoxycholic acids i1 human bile. In the large
intestine most of the bile acids are present as
free bile acids (Norman and Sjévall, 1958),
Norman and Sjovall (1958) concluded from their
experiments that the action of micro-organisms
does not start until the bile acids have entered
the caecum and that the first reaction appears
to be the splitting of the peptide bond, This
splitting was positively demonstrated to occur
in the caecum by Portman {1958). The administra-
tion of chemotherapeutic agents to rats resulted
in only 1-15% of faecal bile acids as free acids
(Norman, 1955). This suggested that the peptide
bonds are split by the intestinal micro-organisms

and not by digestive enzymes,
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The Timdings vaatv Labelled cholic acid and

chaenodeoxycholic acid wore extensively metabolised

(Danielsson ¢ ", 1963 aand that omly traces
of these "primaxry" acids have been detected in

human faeces (Car@y end Wiliiams, 1962) suggested
mariked changes in the bile acid molecules during
cestine. “he non-

their passage tarough the in

id in the human
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intestinal trensiormation of the bile acids.
These cCchawnges, according to Poriman (1958) occux
in vhe caecwian and Coloite.

thie bile acids by the

)

micro~organisms results in the excretion of a

bile acids in human faeces are deoxycholic acid
and lithocholic acid (Rosenfeld and Hellman,

B rq ™ SRR A | IR - Y 6 ~ Y o e .

1962, Eneroth ¢t 2., 19060a;. fnese two acids

are formed by the denydroxylationm at C=7 of cholic

acid and chenodeoxycholic acid (Carey and Williams,



1962, Danicloson _ 5 r o 1,17, snectively.
A considerabio amcunt ©
reabsorbed from tae intestine and reaches
the livexr via-thg porea
to chodiesterol which o wooorboed via the
lymph ( iperstein and Chalkoill, 19”2}. In
the rav and other species ¢.g. dog, Tabbit
and chicken, the abosoxrpiive acvivity of tne
, “

terminal ilcum for conjugated cuclate was found

to be four times as groav as taat of the

duodenum (Baker and Searle, 1960, Lack and Weiner,
" A N e . . - . ~
1961, l963j¢ This restricvion of abszorption oi
bile saits to the dlistal szmail intestine allows

thosce gubstances Lo exert thelir digesvive function
in the proxiwmal rogion vhere fat absorption is

- - e "—d g
maximal e Nowman and Sjovall {(1958) showed

by administering ciioiic acid oralily or by an
-~ .
intracaecal catheter that over 80% was xrecbsorbed

from the small intestine. They suggested that

the incomplete absorpiion from the caecum is
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probably due ©To vhe cowirolon of cholic acid

into non~absorkiLice metaboeliltes. ks would
account foxr the li.sge variely of metabolites

present in the small intestine and the few free
bile acids founda in bilc,

, ¢ B

Lindstedt (1956, 19570, using isotope

ted the bile acid

*.-J
ju]

1

bt
¢

Labellied bile acids, ca

pool in wman to be aouroxﬁﬁ ely 3.58 g. of which
cholic acid accounted fox 1.35 g. chernodeoxy-—
cholic acid 1.45 g and deoxycholic acid 0.78 g.
The hali~-lile of cholic acid varied from 1.2 to
L.2 days withk a mean vaiue of 2.8 days. vy

- .

et al. 1957 calculated that vhe average dailly

.

v

synthesis of cholesterol ia man on sterol-free
diet was 2.1 g.; of this, 1630 mg. was catabolised,
1460 mg. of which were converted to bile acids.

This 1s much nigher than the value proposed by

- - *° ! 4 o 2 s r
Sergstrom (1959) who suggested that only 0.7 &

of cholesterol.is degraded to bile acids per day

and based his value on half-life {Times and pool

sizes of choiic and chenodeoxycholic acids,
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of bile acids in mon chow o marked differcncs
i |

from laboratory to laboratory. This is reviewed

by Grundy et . (1963,

In summary chcoclecterol is derived from two
sources, dietary chole*torol winich is absorbed
as such, from the intestine,; and synthesiced
caoliesterol, Cholestexrcl is lost fxrom w.ae LDOLY
Dy two main pathways; a) direct excretics
the gastrointestinal tract. in the colon
bacterial action then produces a mixture of
neutral steroids which are excreted in the facces,
and b) hepatic oxidation of cholesterol to bile
acids, These are excreted in bile into the
gastrointestinal tract where they also underg
bacterial transformation to produce a comblex
mixtufe of bile acids which are excreted in The
faeces, However a proportion of bile acids axnd
cholesterol in:' the gastrointestinal tract undergo

erxl circulation to reappear in bile.
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Introducvione.

Dietary cholesterol.

Dietary fat.

Phiytostercls.

Miscellaneous steroids.

Azasterols,

Antibiotics,

Agents forming dimsocoluwie bile salts.
Thyxrold hoxrmones and related compounds.
p-Aminosalicylic acid.

Salicylic Acdid.

Miscellancous inhibitors of cholesterol
biosynthesis,

Aryloxyisobutyric acids.

Summary .
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w omuatiplicitvy of fococtoxrs are associated
with the development of ischaemic heart disease,

Once of these factors whicly correlates well with

=

thne incidence of coronary nhearv w.sease 1s tne

level of serum cholesteror {Dawber ¢t =21l. 1962,

. . Y . -
Keys et al. 1963, It would therefore seem

.

important To study factors which affect serum

<

nl
&4}
-
F 4
<
]

es in the hope that the v

-
4]

cholestercl va

obtained might lead to a better understand

.
=
6]¢]

of the aetiolcgy and contirel of athexcnca.
Thus dietary and other methods of altering
serum choiesterol 1evels'may affect the in-
cidence of atherosclerosis,.

T

As part of the work reported in this thesis

t.h

is concerned with therapeutic and dietary altera-
tion of serum cholesterol and the associliated
effect on the excretion of cholesterol and its

metabolites a brief review on dietary conditions

and therapeutic agents is given here.
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heimer and.Ereuscih

wvas regulated by a homeostatvic mechanism;
evidence for waici was Tirst provided by Gould
(1951) who found that hepatic cholesterol
synthesis in dogs eand rabbits was reduced DY

feeding cholesterci. Cther investigatoxrs have

sin emonstrate a simi r effe 4 rat:
ce d o trated mila £ ct in t3

1963}, This depression of cholesterol synthesis
may well be an example oX "negative feedback™
control in that the rate at which material is
formed is inversely related to the amount pro-

vided from an exogenous Sources.

»
- . . -

The mechanism by which dietary cholesterol
inhibits endogenous cholesterol synthesis has been

the subject of extensive studies: Gould and
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Popjak (1957) showed, in rats, that inhibition
occurred before formation of mevalonic acid in
the biosynthetic pathway. Siperstein and
Guest (1960) obtained evidence that the in-
hibition was localised more specifically at
the conversion of ﬁ—hydrox&—B—meﬁhylglutaric
acid (HMG) to mevalonate. These conclusions
were based on the fact that cholesterol feeding
had no effect on the conversion of mevalonate-
Clu to cholesterol. However a more direct
effect of cholesterol on mevalonate synthesis
was not demonstrated.

Recently, Siperstein'gg al. (1966) were
able to separate mevalonate and P-hydroxy=-{-
methylglutarate by gas—liquid chromatography.
With this technique Siperstein and Fagan (1966)
showed that feedback inhibition by dietary
cholesterol occurs through inhibition of
mevalonate synthesis. This is in agreement
with the conclusion that the major site of the
cholesterol feedback system is located at the

reaction responsible for the conversion of
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g-hydroxy-L-methylzlutarate vo mevalonatle;

noamely f-aydroxy-Z-moluylgluvar;l reductase,

-

The nature of tino innibitor, possibly cholesterol

itself or one_of its mevabolites is yvet ©o be
determined.
B. Amico o L0 ool setonol chzorntion.

that the human intesdvine has a limited capacity
Tor the absorption of dietary cliclesterol and

this limiting e¢ifect i35 considercd by
et 21, (1965) to be mun's principal proteciion
from hypercholestoroiaemia of die
rather than a nezative feedback mechaniom
regulating choiesterol Lynvhesis, fhis is din
agreement with the views of Xaplan ct oi. (1963).
It has been shown that decreasing the
cholesterol content of vThe diet alone has l1ittie
ffect on serum concentrations (Keys £T T
1965) although th ngestion of a high chclesterol
diet especially in the form of egg yolik and in

Pal a.

the presemnce of Tatl produces a murked elevation
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of serum cholesiercl {S8lteiner avd Jomanskdi,
Connoxr ~" 21,

s S g e
19413 wessinge

1961: Wells and Sronte=Stewars, 19863).
b 7 -

Crystalline cholesverol even in vae prescnce

of fat has usually failed to increase sorum
cholesterol levels (Messinger e al. 2950;
Connor ¢i &l. 1961, Wells and Broutce-Stewart

Rl

(1963) however Fou.d uno difference between the
serumn cholesteroli Tressonses with egg yoiik and

s

crystalline chiolevverol as long as tae Tut fed

]

da

fiodine wvaiue as Tae egg sanponiiiablie fraction.

This would sugzgest that tae absorption of
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Gietary cholesterol and ailso on Gietar” fat.
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Although dietary fat is kunown vo stimulate

cholcsteroi abscrstion in rats (Bollmen and
fiock, 19513 him anda Ivy, 1953Z; Pili, l955(b))
it ds not an essentiair facior. Dietary fat

2

can be wrocadly classified as saturated fat
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OTrLgin) o L£0le degree oxX unsaturdévion is given
by the lodine vaiudc. nany dietary sioudle
involving these twoe Ttypes of fav have beci.

cairxied outv i{l Ak and

majoxity of workers agree that unsgturatea Iat
does cause a decrease Ln sexyum cinoilesterol

- Y . -~y o . PN -7 TOETS s - » —
levels in man (nn:,na L oc ke 19573 &y o 2
1957a; Malmros wad Wigard, 1957; Leys 5 .

e

than the unsaturated fat content of Tthe diet
which is more important (Connoxr ci zi. 1984;
Crickson ¢t 2l. 1964).

The meclhianism by waich the uasaturated
acids exert their infiuence is not clear,

Bloomfield (198ka; 19641} suggested that the

unsavurated fats cause incieased avsorpiion of
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Lersohn, 1962, and weirc thus inliroducing piant

sterolis such as D-~sitosterol,; and campesverol as
well as unsaturacvea Tatty acids. The cholesterol-

reducing effect ol corn oil and othner vegetable
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Two years later, Giover and Green (1957) caxrried
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affects absorption, there is the possibili

that the small proporui of B-sitosterocl

absorbed could 'funcition in some other manner

perhaps as a compevitive inhibitor and so

bring about a doecrease in scrum cholesterol
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1949; Stokes et al. 1955). This renders
Aﬁ—cholesten—j—one unsuitable as dihydro~
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Costello, 1956).

AZASTEROLS.

Oral administration of diaza-derivatives
of either cholestanol or cholesterol has been»
reported to lower serum cholesterol levels in
normal and hypercholesterolaemic rats, in
normal dégs and in man (Counsell et al. 1962a;
Counsell et al. 1962b), The effects of 22,
25~diazacholestanol have been studied in gfeat
detail.

Figure .
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22,25-diazacholestanol
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PART IT.

A REVIEW OF TLC AND ITS APPLICATIONS
TO LIPID ANALYSIS
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SEPARATION OF LIPIDS BY CHROMATOGRAPHY

THIN-LAYER CHROMATOGRAPHY (TLC)

During the last 15 years, the more
traditiongl techniques of lipid analysis, such
as fractional crystallization, have been almost
completely replaced by chfomatographic methods,
Initially column chromatography was used ex-
clusively but later the introduction of cellulose
and glass~fibre papers impregnated with silicic
acid enabled small quantities of lipid to be
separated with greater resolution and speed.
More recently paper-chromatographic methods
have been largely replaéed by thin-layer
chromatography (TLC) which has the advantages
of giving'more discrete spots with consequently
better resolution and, in adsorption systems,
of allowing more corrosive and sensitive
detection agents to be emp}oyed than are possible
with impregnated‘cellulqse papers,

Thin-layer chromatography was first intro-

duced in a convenient form as a procedure for
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analytical adsorption chromatography by Stahl
in 1956 who used glass plates coated with a
layer of adsorbent material.

By ascending one-dimensional thin-~layer
chromatography, the developing solvent rises
and transports the indiviaual substances at rates
which depend on their physical characteristics,
Separation also depends on the solvent and on
the chromatographic matrix. The processes in-
volved in separat£on may be adsorption, partition
or ion-exchange or a combination of those.

Various adsorbents for TLC are manufactured
commercially and are alﬁost exclusively oxides,
hydrated oxides or salts e.g., alumina, silicic
acid and magnesium carbonate. The most generally
useful adsorbent is silica gel, available with
or without calcium sulphate as a binder to
afford a firmer layer, It may also be impreg-
nated with'phosphors which cause fluorescence
under ultraviolet light. Various ionic materials

may be incorporated which form complexes with
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the compounds to be separated and hence increase
their separation from each other. Impregnation
of the adsorbent on the plate with hydrocarbons
such as undecane or tetradecane allows reversed-
phase partition-TLC to be carried out. Coating
the plate with cellulose ionuexchange resins or
with dextran gel ("Sephadex") widens the scope
of the method considerably although these
modifications have not yet been fully exploited.,

Thin layer plates may be "poured", "sprayed"
or "dipped" but to obtain a uniform layer it is
much better to use "spread" plates.

LOCATION OF COMPOUNDS ON TLC PLATES

Detection of compounds on TLC plates may
be achieved destructively or non-destructively.
A convenient destructive procedure entails
spraying the plate with a charring reagent such
as 50% sulphuric acid and heating in an oven at
a high temperature (approx. 18000.). This
produces dark spots on a relatively white back-

ground. Milder treatments with acidic reagents
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or with other réagents such as phosphomolybdic
acid in ethanol, frequently afford characteristic
coloured spots on heating. For non-destructive
detection,-the plate may be sprayed with water
(when hydrophobic compounds may appear as
glistening spots) or with a fluorescent material
allowing detection by quenching of fluorescence
under ultraviolet light, Scanning equipment can
be used to detect radioactive material., Non~
destructive techniques must be used if the com-
pounds are to be recovered from the thin-~layer

plate for further analysis.

MEASUREMENT OF Ry VALUES

As in paper chromatography, the rate of
advance of each compound in a given solvent
on a given adsorbent is expressed as an RF

value:
distance of the substance from the

origin

RF value =
distance of the solvent front from

the origin

However to overcome the effect of variations
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in conditions and in layer thickness it is
advisable to run a known comparison compound,
for instance a dye or a known standard compound,
together with the unknown mixture on the same
chromatogr;mM;o that effective comparison can

be made between plates. "In this way a relative

RF value is8 obtained.

Relative _ distance of substance from origin
RF value distance of known substance from
origin

APPLICATIONS OF TLC

Adsorption TLC has been used extensively
in the analysis of naturally occurring fats,
oils (Malins and Wekell, 1963; McKillican and

1. 1963).

Sims, 1963) and waxes (Haahti et
Human skin fat and sebum have also been analysed
by adsorption-TLC (Haahti and Nikkari, 1963) and
total lipid extracts of human and animal blood
serum, as well as various organs have been

fractionated by a similar technique (Chalvardjian

t al. 1962, 1964; Hofmann and Bergstrom, 1962;
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Kaunitz et al. 1962; Krell and Hashim, 1963;
Stein and Stein, 1962). Fractionation of
steroids (Avigan et al. 1963) and free and con-
jugated bilé &ac¢ids (LFneroth, 1963; Hofmann,
1962) has also been carried out using adsorption
TLC. Convenient separations of phospholipids
(Hofmann, 1963), sulpholipids (Martensson, 1963),
glycolipids (Sweeley and Klinosky, 1963) and
carotenoids (Davies et al. 1963) have also been
made possible.

Until fairly recently, adsorption TLC was.
used almost exclusively but reversed-phase
partition TLC, and TLC on layers containing
complexing agents have permitted separations
that previously could not be accomplished by
any simple method. By impregnating TLC plates
with silver nitrate, various classes of compounds
can be resolved even further according to their
degree of saturation. This has been applied
to vegetable oils and animal fats (Barrett

t al., 1962; Barrett et al. 1963), human skin

——— en——
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lipids (Haahti et al. 1963) to sterol esters
isolated from human blood serum (Haahti et al.
1963; Morris, 1963) and to the separation of
higher fatty acid isomers and vinylogues
(Morris, 1962).

Reversed-phase partifion chromatography,
although it has not been used as widely as
adsorbent or silver nitrate impfegnated TLC,
has been found to be useful in the resolution
of triglycerides and cholesterol esters (Michalec
et al. 1962),

THE SEPARATION OF STRUCTURALLY SIMILAR STEROLS
BY TLC.

The analysis of certain groups of sterols
in biologicai material into their constituent
compounds has proved extremely difficult. For
example cholestan=-3B=-ol (dihydrocholesterol) and
AF—cholestenol (lathosterol) which accompany
cholesterol in serum, faeces and several tissues
(Kritchevsk&, i958®k Cook, 1958c); Mosbach et al.
1963) cannot be separated from cholesterol by

ordinary TLC (Cargill, 1962; Avigan et al. 1963)
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or glass paper chromatography (Swartwout et al.
1960; Hamilton and Muldrey, 1961). With gas-
liquid chromatography, resolution of mixtures

of cholesterol and cholestanol is also difficult.
Partial separation of these sterols has been
achieved using a selectivé stationary phase
(Horning et al. 1963) but it is only when
derivatives are used that complete separation
occurs (Horning et al. 1963).

Cargill (1962) and Michalec (1963) separated
cholestanol from cholesterol on thin-layer plates
after bromination, which converted cholesterol
to the faster-moving diﬁromide but left the
saturated cholestanol unaltered. Unfortunately,
more polar oxidation products of cholesterol
were formed at the same time (Cargill, 1962)
which made it difficult to estimate the cholesterol
after developing the chromatogram. Avigan et al.
(1963) were able to separate A?-cholestenol from
cholesterol with benzene-ethyl acetate (20:1) on

Silica Gel G, but the plates had to be 40 cm.
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long and the development took 24~-36 hours.

De Vries (1962) introduced the use of silica

gel impregnated with silver nitrate for the
separation of cis and trans isomers of fatty
acids by col;;n chromatography. This principle
has been extended to the TLC of lipids of
several classes differing only by one double
bond (Avigan et al. 1963; Morris, 1962; 1963;
Barrett et al. 1963; Gréen and Samuelsson,
1964).

The efficiency of this technique is ampli-
fied if sterol derivatives rather than free
sterols are used. Copius-Peereboom and Beekes
(1965) obtained better separation of cholestanol
and A7—cholestenol acetates than of the free
sterols. Claude (1965) also found that the
acetates of cholesterol and cholestanol could
be separated from each other and also from
desmosterol acetate, but better separations
were obtained of their propionates. Svoboda

and Thompson (1967) reported the separation of
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the isomers 24- and 25- dehydrocholesterol ace-
tates on silver nitrate impregnated TLC.

Although silver nitrate impregnated TLC
has been successful in resolving mixtures of
closely relaté& stérol derivatives it fails fto
separate cholesterol from.the closely related
phytosterols such as pP-sitosterol and campesterol
either in acetate or free form,

However Copius-Peereboom and Beekes (1965)
used reversed-phase TLC to successfully separate
the acetates of cholesterol and phytosterols,

The incorporation of bromine into the solvent

system for the reversed-bhase TLC improved the
separation of cholesterol, p-sitosterol, campesterol
and stigmasterol acetates from each other. These
authors also found that cholesterol was not
separated from ,A7~cholestenol by reversed~phase
TLC. It is also important to note that the

use of bromine'results in the decompositionlof
sterols with a system of conjugated double bonds

and sterols devoid of the normal [}5(6) double
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bond (e.g. A?—sterols and lanosterol).

QUANTITATIVE ANALYSIS OF FARCAL NEUTRAL STEROIDS
AND BILE ACIDS

ESTIMATION OF NEUTRAL STEROIDS

The quantitative determination of individual
faecal neutral steroids has proved to be very
difficult because of the similarities in their
molecular structures and physical propertieé.
Over the past few'years there have been several
methods published, many of which rely on pre-
cipitation of the sterol with digitonin followed
by regeneration of the sterol and photometric
analysis frequently by the Liebermann Burchard
reaction. (Antonis and Bersohn, 1962; Haust and
Beveridge, 1963). However these techniques
do not measure all the steroids present in
faeces. For example, coprostanol, normally the
predominant facecal neutral steroid, is incom-
pletely precipitated by digitonin (Wells and
Moore, 1961) and coprostanone, which may account
for one third of the total faecal neutral steroid

(Miettinen et al. 1965), is not measured by the
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Liebermann Burchard reaction. Isotopic balance
techniques (Hellman et al. 1957) have the dis-
advantage that radioactive sterols must be

administered to the patients.

T W,

Of the earlier methods the most accurate
would appear to be that of Goldsmith et al,
(1960). This technique separated the neutral
steroids by glass paper chromatography into
three main groups, the principal compound of
each group being cholesterol, coprostanol and
coprostanone respectively. The optical density
(OD) of each spot was measured after charring
with sulphuric acid, thé relationship between
the 0D and the amount of steroid charred being
linear over a range of 0.6 pé. to 1.2 ug.

It had several disadvantages; one being that
it could not differentiate between the plant
sterols of dietary origin and the endogenous
sterols; another that the charred spots had
to be cut from the glass paper chromatogram

before the 0D could be measured. . The more



78.

recent methods of Eneroth et al. (1964) and
Miettinen et al. (1965) incorporate column
chromatography, TLC and GLC and are able to

measure all faecal neutral steroids, whether of

A A e .

plant or animal origin. The method of Miettinen
et al. (1965) is especialiy well controlled,
using an internal standard to compensate for

any losses through the procedure. The sensiti-
vity of this method is such that 1 g. of faecal
homogenate containing as little as 25 ug. of
mixed neutral sterols can be analysed accurately.
It has a disadvantage that there are several
steps between the extraction of the faeces and

the measurement of the steroid concentration.

ESTIMATION OF FAFCAL BILE ACIDS

The complexity of the mixture of faecal
bile acids has rendered separation and quantifica-
tion extremely difficult. Most methods current-
ly available havg relied upon the titration of
total bile acids with alkali which results in

spuriously high values due to incomplete removal
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of acidic contaminants. These methods have
recently been reviewed by Grundy et al.(1965).

In the method devised by Grundy et al. (1965)

the bile acids are isolated by column chromato-
eraphy, thin:I%yer chromatogranphy and then
estimated as the trimethyisilyl ethers of

their methyl esters by gas-~liquid chromatography.
This technique has the.advantage that not only
total bile acid measurements can be made but
changes in individual bile acids can also be
observed, The method appears to be very
reproducible with recoveries of the order

of 90% and extremely sensitive. Faecal samples
containing 50 ug. of mixed bile acids can be
analysed accurately (Grundy et al. 1965). More
recently Eneroth et al. (1966(a),(b)) have identi-
fied the bile acids in faeces with gas-liquid
chromatography combined with mass spectrometry
Following a~similgr purification procedure to
that of Grundy et al. (1965) and concluded that

deoxycholic acid and lithocholic acid were the
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main faecal bilé acids. Semenuk and Beher
(1966) have devised a method of direct densito-
metry of bile acids on thin-layer chromatograms
using phosphomolybdic acid to locate and measure
the compound;ta The colour density response |
was linear over a range of 0.25 to 4.0 ug.

The remarkable resolving power of thin-—
layer chromatogiraphy and the fact that compounds
can be estimated in situ on the thin layer plate
indicated that it would be an ideal technique
for the qualitative and quantitative analysis
of faecal neutral steroids and bile acids.

The next section contains a description of the

methods devised and the results of these in-

vestigations.
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METHODS
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MATERTALS

1.

Silica gel. MN-Kieselgel G-HR (Camlab
Ltd., England).

Dowex 50W-X8 cation exchange resin (a*
form) (V.A. Howe Ltd., London).

Dowex 1-X2 anion exchénge resin (C1l form)
(V.A. Howe Ltd., London). (This resin

was converted to the hydroxyl form by

suspension in 1 M. sodium hydroxide).

'Solvents
2,2,k -Trimethyl pentane Analar (BDH)
Sulphuric Acid Analar (BDH)

All other solvents Qere redistilled before

use.
Reagents

Silver nitrate Analar (BDH)
Phosphomolybdic acid " (")
Potassium iodate " (")

(")
Ammonium carbonate " (")
(

n)

Sodium hydroxide (pellets) "

Sodium chloride n
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Hexamethyldisilazane. Koch-Light Labora-
tories Ltd,
Trimethylchlorosilane. (B.D.H. )

Diazomethane,

Standards -- —-

Coprostanol Southeastern Biochemicals (U.S.A.)

Coprostanone " " ( n )

Cholestanol " " ( )

A7_cholestenol n n ( )

cholesterol recrystallised (B.D.H, )

Epicholestanol Steraloids Ltd. (Croydon)
Epicoprostanol " " ( " )
Cholic acid. B.D.H.

deoxycholic acid Sigma (London)

lithocholic acid Calbiochem ' (U.S.AL)

glycocholic acid Calbiochem. (U.S.AL)

taurocholic acid Southeastern Bio=- (U.S.A.)

chemicals

12-Hydroxystearic acid Calbiochem, ( )



Figure 10(a).

NEUTRAL STEROIDS
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FAECES

. homogenised with
dist. H.O
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. soxhlet extraction
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ETE—‘ANOLIC EXTRACT

ion exchange
chromatograghy

[. cation exchange resin

2.anion exchagnge resin

BILE ACIDS

Procedure for the separation of faecal neutral
" steroids from bile acids,
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PREPARATION OF FTAECAL NEUTRAL STEROID AND BILE
ACID EXTRACTS.

(1) Collecting and Drying of Faeces

Faeces were collected in weighed plastic
containers during a period of 3-7 days and
stored in a deep freeze until required. The
specimens were then weighed and homogenised
with distilled water in a weighed homogeniéer.
An aliquot of the homogenate representing a
known weight of faeces was transferred to a
tared 250 ml. round bottom flask, freeze-dried
for approximately 24 hours, and the flasks re-—
weighed., The dried faeces were removed and
transferred to small screw-capped Jjars which
were then stored in a desiccator until required,

(2) Extraction of Faeces

A known weight (between 1.-2,0 g.) of dried
faeces was extracted with 95% ethanol in a
Soxhlet extraction apparatus under nitrogen
atmosphere.fog 6 hours. The extract was then

separated into acidic and neutral fractions by

passing it through Dowex ion-exchange resins, as-
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described below.

(3) Zon-Exchange Column Chromatography.

Column I,

A g1a§§ column of inside diameter 1.3 cm.
and length 39 cm. was fitted with a stopcock,
a coarse sintered disc an& a reservoir to hold
approximately 50 ml. Dowex 50W-X8 cation ex-—
change resiﬁ (hydrogen form) (approx. 15.0 g.),
suspended in 80% ethanol, was poured into the
column and'allowed to settle to a depth of
16 cm. above the sintered disc. The resin was

then washed with a further 100 ml. of 80% ethanol.

Column IXT.

Dowex 1-X2 anion exchange resin (approx.
14.0 g.) was converted from the chloride form to
the hydroxyl form by suspension in aq. 1 M,
sodium hydroxide. The suspension was poured
into a glass column similar to column I and
allowed to settle to a depth of 13 cm. above
the sintered disc¢c before washing with 100 ml.

ag. 1 M. sodium hydroxide., The column was
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then brought to neutrality with distilled water

before being washed with 100 ml. of 80% ethanol.
The columns were then arranged so that the

eluate from column I drained directly into the

reservoir of column IX.

Neutral Steroid Fraction

The faecal extract was poured into column
I and allowed to percolate at a flow rate of
k-5 ml./min. into column II. When approximately
5.0 ml, of the extract was left in column I, 50 ml,
of 80% ethanol was added in 15 ml. aliquots and
the eluate was allowed to run through into column
ITI. Column I was alloﬁed to run dry and the
eluate from column II containing neutral steroids
was collected., This fraction contains cholesterol,
coprostanol and coprostanone together with their
phytosterol analogues.

Bile Acid Fraction

The faecal bile acids retained on column II
were then eluted with 250 ml. 0.1 M. ammonium

carbonate in 50% ethanol after washing the column
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in the followiﬁg manner according to Kuron and
Tennent (1961):-

25 ml. 50% ethanol

50 ml., distilled waterxr

25 ml._AC”Q? free water

100 ml. adq. 1M sodium chloride

100 ml. aq. 0.5 M ammonium carbonate
water to neutrality

25 ml, CO, free water

25 ml, 50% ethanol

Smho 0T

The bile acid fraction consists of a mix-
ture of trihydroxy bile acids, when present,
and the dihydroxy and monohydroxy bile acids
which are predominant. The main constituents
of these three groups of bile acids are cholic
acid, deoxycholic acid and lithocholic acid
respectively.

The faecal neutral steroid fraction and
the bile acid fraction were then separately
evaporated to dryness on a rotary evaporator
and the residues dissolved in acetone, trans-
ferred with wgshings to 15 ml. vials and then
evaporated to drYness with a stream of nitrogen.

The residues were dissolved in 3 ml. of
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re-distilled acetone and stored in tightly-
capped vials in a deep~freeze until analysed

THIN-LAYER CHROMATOGRAPHY

PREPARATION OF TLC PLATES

The following procedﬁre was used. A
smooth suspension of silica gel in distilled
water (30 g. in 60 ml. water) was obtained by
shaking the mixture in a stoppered 250 ml.
conical flask for 90 secs. The plates were
then spread with a Camag Spreader; left over-
night at room temperature to dry and then
stored in a desiccator uﬁtil required. This
method produced TLC plates with a uniformly
thick (0.25 mm.) layer. (The Desaga and Shandon
spreaders were both tried but the layers obtained
were not uniformly thick.) Solutions of the
compounds to be separated were applied with a
10 ul. Hamilton syringe about 1.5 cm. from the
lower edge of the plate and the plate placed

in a chromatography tank filled to a depth of



92.

approximately 0.5 cm., with a suitable develop-
\ing solvent. The tank was lined with filter
papexr to ensure saturation of the atmosphere
in the tank with solvent wvapour.

- & armam

PREPARATION OF SILVER-NITRATE IMPREGNATED TLC
PLATES

When required; a silica gel plate was
spréyed with 25% aqueous silver nitrate until
evenly moistened and dried in an oven at 110°
for 30 min. It was allowed to cool to room
temperature before applying the sample. The
silver nitrate layer started to darken after
standing 12-24 hrs., even in the dark, so that
impregnated plates were used on the day of
preparation,

PREPARATION OF RIEVERSTED-PHASE TLC PLATES

A silica gel plate, 20 cm. long, was im-
pregnated with stationary phase by allowing 15%
n-undecane in petroleum ether (B.pt. 40-60°)
to rise ne#flf to the top of the plate in a
TLC tank, The samples were then applied and

the plate left in a fume cupboaxrd for 1 hr.
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to allow the petroleum ether to evaporate.
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THIN-LAYER CHROMATOGRAPIY OF NEUTRAL STEROLD
IFRACTION

First separation: Silver nitrate -~ impregnated
thin-layer Chromatograply

An a%%quot from the faecal neutral steroid
extract was subjecﬁéd to silver nitrate im-
pregnated TLC in the solvént system chloroform-
acetone (98:2). The solvent front was allowed
to rise 15 cm. above the origin. To make the
sterols suitable for light photography the
plate was sprayed with 10% ethanolic phospho-
molybdic acid and then heated at 140° for 15-
20 min. to produce brown spots on a yellow back-
ground (see Results section, Figure 10).

The effect of impregnating silica gel with

silver nitrate on the R_ values of cholesterol,

F

A7—cholestenol and the C stanols is shown in

27
Tables V and VI (Results section, p. 109-110).

Extraction of sterols Tfrom silver nitrate im-
pregnated plate

The sterols were detected by lightly
spraying the dried plate with distilled water,

The plate was viewed against a dark background
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when the sterols appeared as white spots as

the thin layer started to dry. The smallest
amounts that could be detected with certainty
in this way were 15 ug. of cholesterol and 5 ug.
of’A7~chol;;;gnol. The spots were ringed with
a fine point, allowed to dry, scraped off the
plate into conical centrifuge tubes and ex-—
tracted. Extraction with methanol, chloroform
and ethanolic ammonia were compared, the latter
being found most suitable (Results section,

Table VII, p. 113).

Extraction with ethanolic ammonia

The silica gel in the conical centrifuge
tube was extracted with 50% ethanolic ammonia
(3 x 4 mi.). The combined extracts were diluted
with an equal volume of distilled water and re-
extracted with 3 x 10 ml, redistilled benzene.
The benzene extracts were washed with 20 ml,., of
distilled water, dried over anhydrous sodium
sulphate, filtered and evaporated to dryness

at 40—50o under reduced pressure. The residue
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was either subjected to further chromatography
(see below) or a Liebermann-Burchard reaction
was carried out at this stage (p. 100 ).

Second separation: Reversed-phase chiromatography
at low téemperature

The residue from the single spot containing
cholestanol and &?—cholestenol was taken up in

a small volume of chloroform, The mixture of

A‘T

~cholestenol and cholestanol was resolved
conveniently by reversed-phase TLC, The tank
containing mobile phase (acetic acid:acetonitrile
(1:1), 70% saturated with undecane (Xaufmann and
Makus, 1960))was placed in a deep-freeze (-15 to
~20°%) for 15 mins. (for temperature equilibration)
before development of the plate. The prepared
rlate was developed until the s;lvent reached a
height of 15 cm. (time 3—3% hours). Undecane
was removed from the plate by heating for 1 hour
at 150° and the sterols were located with

ethanolic phosphomolybdic acid (Results section,

Figure 11). If the plate was sprayed immediately
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afterlbeing taken out of the oven; it was not
necessary to heat further to induce colour
development.

Adsorption Thin-Lavexr Chromatography:

Yuantification of Faecal Neutral Steroid
Fraction

The TLC plate was prépared as previously
described (p. 91 ), cleaned by initial develop-
ment in benzene-ethyl acetéte (8:1) and allowed
to dry in a fume-~cupboard at room temperature.
The faecal neutral steroid extracts for quantita-
tive analysis and standards were then applied
and the plate was developed at room temperature
in benzene-ethyl acetate'(8:l) to a height of
15 cm. Subsequently the plate was dried in a
fume cupboard at room temperature, The com=

pounds were subjected to densitometry in situ

(p. 98 ).
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ADSORPTION THIN=-LAYILR CHROMATOGRAPIY :
QUANTIFICATION OF TAECAT, BLLE ACID IPRACTION.

The bile acid fraction and standards were
applied as previously described and the plate
developed in—hexane-diethyl ether-methanol-
acetic acid (90:320:3:2, Brown and Johnston,
1962). This solvent system caused the Tatty
acids to move approximate}y 10 cm, in a 15‘cm.
development and left the bile acids at the
origin., The plate was then air dried in a
fume cupboard and placed in an oven at lOOo for
20 min. to remove traces of solvent. After
cooling, the plate was developed in 2, 2, 4-
trimethyl pentane-ethyl acetate-acetic acid (5:
25:0.2; Eneroth, 1963) to a height of 10 cm.
This gave a very good separatioﬁ of ﬁhg bile
acids and was also effective in separating
hydroxy~-fatty acids from the bile acids. The
bile.acids were then subjected to densitometry
in situ (seé below).

Measurement of Steroid Concentration by
Densitometry

The plate was sprayed with 1% potassium
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iodate in 10% sulphuric acid and heated at 100°
for 20 min. to produce dark brown spots on a
white background which proved extremely suit-
able for scanning (see Results section, Figures
12 and 13). o

The optical density (O.D.) of the charred
spots was measured with the Joyce Loebl Chromo-
scan with Thin Layexr Attachwment. The attach-
ment is suitable for both reflectance and trans-
mittance operation and uses the recording and
integrating facilities of the Chromoscan.
Best results were obtained using the narrow
slit width and transmission on the Thin Layer
Attachment combined with the largest cam in the
Chromoscan. The TLC plate was placed on the sample
table and was scanned in the direction in which
the plate was spread and chromatographically
developed which helped to eliminate the effect
of any irregularities in the layer arising
during spreading. The O0.D. of each spot was

shown graphically in the shape of a peak on a
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piece of paper attached to the recording drum
and the area under the curve was recorded on
an integratoxr. At the end of each run, the

sample table carrying the TLC plate was stopped

i
.

automatically. The table and plate were then
moved back manually so thét the slit of light
was again at the origin and the plalte was
moved horizontally to the next lane to be
scanned. A linear relationship between the
amount of steroid ox bile acid applied and the
optical density (0.D.) of the charred spot

as recorded by the integrator on the Chromoscan
was obtained (see Results section, Figures 14
and 15). The standards used were cholesterol
and coprostanone (10 to 25 ug.); coprostanol
(20 to 50 pg.) and deoxycholic acid and litho-
cholic acid (10 t§ 25 ug. in each case).

Measurement of sterol concentration by Liebermann~—
Burchard Reagent

Sterol concentrations were also estimated
according to the procedure of Abell et al (1952),

3 ml. of Liebermann-Burchard reagent (acetic
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anhydride,; cooled to less than 10° in a glass
stoppered bottle:conc.sulphuric acid:glacial
acetic acid ~ 20:1:10) was added to the sterol
samples which had been placed in a 250 water
bath.,. Th;-g;;ical density (0.D.) was measured
at 620 mp. after 2 min. (dptimum time for Al-
cholestenol) and after 35 min. {(optimum time
for cholesterol). Sterol concentration of the
samples was obtained from a standard graph of
O0.D. plotted against concentration.

Measurement of sterol concentration by the method
of Zak et al. (1954).

Tubes containing varying concentrations of
cholesterol were evaporated to dryness under
nitrogen and the residue dissolved in 0.5 ml,
of isopropyl alcohol. The contén%s were well
mixed and 2.5 ml, of Colour Reagent added.

This reagent contained 0.075 g. FegNos)B.g H,0
dissolved in 95 ml. glacial acetic acid + 5 ml.
distilled wéteg and 43 ml. concentrated sulphuric
acid. The cholesterol extract and colour ire-
agent were remixed and the tubes placed ina

950 water bath for 8 wmins. The tubes were
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then removed, cooled and the optical density
(0.D.) of the colour read at 520 mu., in a spectro-
photometer, Sterol concentrations of the test
samples were obtained from a standard graph of

0.D, plotted against concentration.

Measurement of sterol concentrations by gase
liquid chromatography (GLC)

Gas=liquid chromatography was carried but
to compare the results obtained by the quantita-
tive TLC densitometry technique with an established
technique. The GLC gquantitative procedure was
based on that devised by Brooks (1964) for the
measurement of serum cholesterol.

A Pye Argon gas chromatograph was used.
Operating conditions were; 1% SE-30 Gas Chrom.
Q (80-100 mesh) packed in a glaés column (5 ft.
long, internal diameter = 5,0mn), temperature
2200, argon flow 35 ml./min., chart speed 150 mm./
hour, detector wvoltage 1,250 volts and sensiti-
vity X 10, Trimethylsilyl ethers were pre-
pared by evaporating the extract to dryness and

redissolving the steroids in a mixture of
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dimethyliformamide (for neutral steroids) or dry
pyridine (for bile acids), hexamethyldisilazane
and trimethylchlorosilane in the proportions
Lshal, The tubes were stoppered, well shaken
and left aéhgg;m temperature for at least 1 hour.
The samples were then evaﬁorated to dryness in
a stream of nitrogen, extracted with chloroform,
centrifuged and the supernatant re—-evaporated
before being taken up in a known wvolume of
chloroform., An aliguot (1.0 ul.) was injected
with 0.5 wl. cholestane (0.5 ug.) and the ratios
of the emergent peak heights of the sample to
that ofcholestane were determined. By inject-
ing mixtures of standards, linear relationships
were obtained between the ratio .of peak heights
and the amount of neutral steroid or bile acid
injected.

The bile acids were methylated with diazo-
methane prior to the formation of their trimethyl-

silylethers,
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TECENTQUE TOR ANALYSIS OF BILE

Collection of Bile

Under X-xray control a nasal tube was passed
into the duodenum and the gall bladder stimulated
to empitying by an intravenous injection of pan-
creozymin (Boots). Biie was then collected
and frozen until required for analysis,. Before
analysis the bile was diiuted with ethanol and
the precipitated protein removed by centrifuga-
tion. The supexrnatant was subjected to Tfurther
analysis (see below).

The separation of conjugated biliarxy bile acids

and the determination oif their conjugation
ratio by TLC,

"Glycine and taurine conjugates of the bile
acids were separated by thin—layér chromato-
graphy of the supernatant on silica gel pre-
washed with water. Triplicate samples of bile
and duplicate standards of glycocholic acid and
taurocholic'acid were run on each plate in the
solvent system butancl:acetic acid:water (10:1:

-

1, Ganshirt et al. 1960). Compounds were located



by spraying lightly with water. The plate was
allowed to dry. Glycocholic and taurocholic
acid spots and appropriate blank areas were
scraped off into conical centrifuge tubes.

They were reacted with 4 ml. of 65% sulphuric
acid at 60° in a water bath. After 30 min.

the tubes were removed, the contents remixed

and the tubes replaced in the water bath for

a further 30 min,. The tubes were coocled to
room temperature under a stream of cold water,
centrifuged and the optical densities were

read at 387 mu. (Ganshirt et al. 1960). The
linear relationship betwéen the O0.D. at 387 mu .
of the supernatant of the extracted spot and

the amount of bile acid applied to the plate as
described by (Ganshirt et al. 1960) was confirmed
(see Results section, Figure 17). The ratio

of the values obtained from the extracts corres-
ponding to the'glycocholic and taurocholic acid
spots gave the conjugation ratio (G/T) of bile

acids.
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The extraction and sevaration of biliary bile
acids

To deteéermine the pattern of the bile acids
conjugated with glycine and taurine it was
necessary to liydrolyse the conjugates. One
ml., samples of bile were autoclaved with 2 ml,
of 2 N. sodium hydroxide in sealed glass ampoules
at 120° for 4 hours. After cooling, the con-
tents were neutralised with concentrated hydro-
chloric acid using Congo Red as indicator. he
free bile acids were extracted (3 x 4 ml.) with
ether. The ether extracts were.washed Tree
of hydrochloric acid, evaporated to dryness and
dissolved in acetone. Thin-layer chromato-
graphy on silica gel was performed in the solwvent
system iso-~octane:isopropyl ethér:acetic acid
(2:1:1, Hamilton, 1963). Control and treatment
samples from one patient were run on the saine
plate. After drying, the plate was sprayed
with ethanolic phosphomolybdic acid and the bile
acid spots which developed after gentle heating

wexre then photographed. (See Part IV, Figure 18).
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STATISTICAL METLODS.

Student "tV tost.

The significance of changes in serum and
faecal lipids~from their mean pretreatment
levels was determined by the Student "t" test

for paired values.

: A 2 o \2
Dt xT) = (E(x))

: o)
¥
i =a(n-1)
h
x = mean change.
x = change from mean pretreatment level
o each subject.
n = number of wvaluaes.

Correlation Coefficient.

The association between sexrum and faecal
lipids or the changes from their mean pretreatment

levels was determined by the corxrrelation coefficientﬁﬁ.
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THE APPLICATION' OF STILVER IMPREGNATED TLC AND
REVERSED-PHASE TLC TO THE SEPARATION OF
FAECAL NEUTRAL STEROIDS

Separation of cholesterol from A7~cholestenol and
cholestanol by silver nitrate impregnated
TLC

- . em e

During a study of human faecal neutral
steroids it was found thaé cholestanol and
137-cholestenol could be completely separated
from cholesterol on 20 cm. plates coated with
silica gel impregnated with silver nitrate.
Evidently cholesterol forms the expected silver
complex at its double bond and is retarded while
¢ﬂ7~cholestenol moves ahead with cholestanol.

The faster spot containing cholestanol and 437—
cholestenol could be resolved by a second reversed=
phase TLC at low temperature.

The best separation of cholestanol plus
[F-cholestenol from other sterols was obtained with
the solvent system chloroform:acetone (98:2).

The R_, values ‘for these two sterols and cholesterocl

P

in other solvent systems are given in Table V.
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Table V.

4 comparison of the R, values of cholesterol
D —cholestenol and cholestanol on silver nitrate
impregnated TLC plates developed in several
solvent systems,

- e

RF Values

Solvent cholesterol Cy—cholestenol cholestanol
system
Benzene: 0,11 0.15 0.15

hexane(9:1)

Benzene: 0.19 0.19 0,19
ethyl ace~-
tate (20:1)

Benzene:s 0,45 0.46 0. 46
ethyl ace=-
tate (5:1)

Chloroforms 0.70 0.73 0,73
acetone

(92:8)

Chloroform: 0.62 0,68 0.68
acetone

(96:4)

Chloroform: C.39 0.50 0.50
acetone

(98:2)

It is apparent from the results in Table VI that

not only did silver nitrate impregnated TLC separate
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Aj-cholestenol'and cholestanol from cholesterol

but also that the RF value of each sterol was

increased, Cholesterol migrated 1.2 times
further while Ay—cholestenol and the 027 stanols
all moved 1l.4 to 1.5 times further. Consequent~-

ly cholesterol was separafed from its companions.
Table VI.
Table VL.

Effect of silver nitrate impregnation on
R, values® of cholestenols and C stanols on

TEC plates. =7
On Ratio
Oon Silica RF on
Silica ‘Plus Silica 4+ AgNO
Alone Silver RF on Silica
Nitrate alone
Cholesterol 0.40 0.48 1,22
AF—Cholestenol 0.39 0.57 ' 1.46
Cholestan-38~- 0.39 . 0.59 1.51
ol
Coprostan-3p- 0,51 0.72 1.40
ol X
Coprostan-3a- 0;51 O.74 1.46
ol
Cholestan-3a~ 0.58 0.80 1.40
ol

Solvent:chloroform-acetone 98:2, run 15 cm.

*Means of four replicates on each of two pairs
of plates run in the same tank simultaneously.
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Although cholestanol and A -cholestenol
moved further than cholesterol they ran well
behind coprostanol, both in a mixture of pure
sterols and in a naturally occurring mixture
(Figure 10).

Figure 10.

coprostanol
ho.'estanol
J-cholestcnol

cholesterol

origin

Photograph of thin-layer chromatogram on Silica

Gel G impregnated with silver nitrate. Sprayed

with phosphomolybdic acid. 1, 10 pg cholesterol;

2, 10 pg cholestanol; 3* 10 pg -cholestenol;

4, 10 pg coprostan-3p-o0l; 5» mixture; and 6,
neutral 1lipid extract of human faeces. S, solvent
front. Origins at base of the photograph were
enlarged after chromatography for easier
visualization. The fast spots in the faecal extract
are steroid 3-1lGetones and esters.
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In experiments in which this separation
method was applied for neutral lipid extracts
from human faeces, spots of up to 70 ug. of
cholesterol and 200 uge. of coprostanol have
been very well separated from cholestanol and

A7—cholestenol.
Comparison of the three extraction methods

used to elute the sterols from the silver
nitrate impregnated plate

To separate cholestanol from A?—cholestenol
the spot containing these two sterols was ex- |
tracted from the silver nitrate plate and then
subjected to reversed-phase thin-layer chromato-
graphy. Three methods'of extraction were
examined; wmethanol, chloroform and 50% ethan-
olic ammonia., The extracted sterols were
measured by the Liebermann~-Burchard reaction
(see Method section, p, 100 ). The results

are shown in Table VII.
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Table VIT.

A comparison of the three extraction procedures.

% Recovery

Extraction "éferol Choles- [37— Number of
method Added terol Choles- Estimations
(pg.) ' tenol
Me thanol 50 uge - 10% 3
Chloroform 50 Uge - L 0% 5
50% Ethan-~ 50 pg. 89% 81% 5

olic Ammonia

It was thought that the Ag+ might have in-
hibited the Liebermann-Burchard reaction and
this was investigated.

The effect of Ag+ on the Liebermann-Burchard
Ireaction.

The results are shown in Table VIII.

¢
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Table VIIT.

The effect of Ag+ on the Liebermann-~Burchard
reaction.

Sample Ag+ concentration OC.D. after 35
- mins,

50 ug. 0.070
cholesterol O 0.070
" 1058 HE 00065
0.072
" 7.90 uge 0.0L2
0.054
" 158.0 ug. 0.010
0.000
" 790.0 ug. 0.000
0,000

The optical densit& of the colour result-
ing from the Liebermann-Burchard reaction of
50 ug. of cholesterol was reduced by 50% in
the presence of 7.9 ug. Ag+.

The effect of Ag’ on the method of Zak et al.
(1954).
The method of Zak et al. 1954 (see Method

section, p. 101 ) was tried as an alternative

to the Liebermann~Burchard reaction. The Zak
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procedure, when modified slightly by replacing
ferric chloride with ferric nitrate to avoid
cloudiness produced by silver chloride, was
not inhibited by Ag’.  Table IX.

Table IX,

The effect of Ag+ on the method of Zak
et al. (1954).

Sample Ag”® O.D, at cholesterol
concentration 520 my., concentration
50 uge. O 0.280 50 uge.
cholesterol
" 7Te9 g 0.261 48 ug.
0.279
" 15.8 pge 0.239 47 ug.
0.288
n 3146 ME 00268 1‘6 HE e
0,248
n 158.0 ug. 0.252 Lé pg.
0.268
" 790.0 ug. 0.290 U6 ug.

However this method gave less consistent
recoveries for A7hcholestenol than the Liebermann-—
Burchard reaction. The mean percentage recovery

from 5 samples of 50 ug. of Al mcholestenol was
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46% with a range of 24-T78%.

The separation of,A7—cholestenol from cholestanol
by reversed-phase TLC.

After extraction from the silver nitrate
impregnated PIate the mixture of cholestanol
and‘A7—cholestenol was separated by reversed-

phase TLC. (Figure 11).
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Figure 11.

A7 -choiestenol

f cholestenol

origin

Photograph of low temperature r”versed-phase
thin-layer chromatogram of 1, A-cholestenol
(1 pg.); 2, mixture; 3» cholestanol (1 pg.);
S, solvent front. Origin at base of the
photograph.
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With this technique the unsaturated AT
cholestenol migrated faster than cholestanol,
even at room temperature. By lowering the
temperature to between -15 and -20O the separa-
tion factor was increased from 1.175 to 1.39.
This improved separation was necessary because
the edges of the spots were not as sharp as on
layers of silica gel alone. The loads of
sterols which could be completely separated
in this system were rather small since with
more than 5 pg. of each sterol some blurring
of the spots occurred. Cholesterol migrated
with cholestanol in this second system, hence
the need for a preliminary step to resolve a
mixture of cholesterol, 137—cholestenol, and

cholestanol by TLC.
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QUANTITATIVE TLC DENSITOMETRY

Comparison of colour development reagents.

For precise densitometry it is necessary
to produce the maximum possible contrast
between the spot and background. Several
spray reagents were tried e.g.:-

a)  10% phosphomolybdic acid in methanol:
this gave blue spots on a yellow back- -

ground which was not uniform in optical

density.
b) 14% ceric ammonium sulphate in 10% sulphuric
acid: this gave coloured spots on a faintly

yvyellow background.

c) Potassium dichromate in 80% sulphuric acid:
this gave an uneven greyish background with
black specks.

d) 35% phosphoric acid: this gave a back~
ground similar to c).

e) 50% sulphuric acid: this also gave a back-
ground similar to c).

The only suitable spray reagent was found
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to be 1% potassium iodate in 10% sulphuric acid
(see Method section, p . 98 ). This gave dark
well defined spots under the conditions employ-
ed, (Figures 12, 13). Using this}spray re-
agent 1ine;;";;lationships were obtained be-
tween the optical densityT(O.D.) of the neutral
steroids and the amount of steroid applied to
the TLC plate. Similarly for the faecal bilé
acids. (Figures 14, 15).

The separation of the free fatty acids,

especially the 12~ hydroxy stearic acid from the

faecal bile acids is shown in Figure 16,
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Figure 12.
FAECAL NEUTRAL STEROIDS
2 3 4 5 6 A B B C D
solvent
front
coprostanone
A o o $ o # # # # # e coprostano
£ # # # # cholesterol
origin

A photograph of a typical thin-layer chromatogram
of faecal neutral steroids and standards. Origin
at bottom. Lanes 1-6 are six faecal neutral
steroid extracts and lanes A B C and D contain
cholesterol standards (spots nearest origin) 10,
13, 20 and 23 pg., coprostanol standards (2nd
spot from origin) 20,30, 40 and 30 pg. and
coprostanone standards (3rd spot from origin) 10,
13, 20 and 23 pg.*. The spotnearest the sol-
vent front 1in the extractsis a mixture of sterol
esters, triglycerides and hydrocarbons.

Standard B is duplicated.
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Figure 13.
1 2 3 4 5 6 A B C D E
- solvent
Y. tTfrair front
e lithocholic
acid
. o o o o o %  deoxychollc
acid
# # # # & # prigin

Thin-layer chromatogram of faecal bile acids and

standards. Origin at bottom. From left to
right lanes 1-6 are six faecal bile acid extracts
and lanes A - E contain deoxycholic acid standards

N

(spot nearest origin) 13, 20, 23 and 30 pg. and
lithocholic acid standards 10, 13, 20 and 23 pg.
The spot nearest the solvent front in the faecal
extracts 1s a mixture of fatty acids and pigments.
The spot Jjust ahead of lithocholic acid is a
hydroxy fatty acid thought to be 12 hydroxystearic
acid.

Deoxycholic acid 20 pg. standard is duplicated in
B and C.

Lithocholic acid 20 pg. standard is duplicated in
C and D.
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Figure 14,

oD

200

CHOLESTERCL 180
160
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COPROSTAN-3-ONE 80
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re.

COPROSTAN-33-OL
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20 30 40 50

®g-.

Standard graphs for cholesterol, coprostanol
and coprostanone showing the straight line

relationship between 0.D.

of the charred spot

and quantity of steroid present.
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Figure 15

9¢

80

70
Lithocholic
Acid

60.

50

40 Deoxycholic

Acid

30

20

10

Bg.

Standard graphs for deoxycholic acid and litho-
cholic acid showing the straight line relation-
ship between 0.D. of the charred spot and quantity
of bile acid present.
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Figure 16.

STO 1 2 3 4 STQ

o I2~OH-stearic
acid
. © lithocholic
oc id

Tr* t £ £ T '
* # # e # ¥ #

S

deoxycholic
acid

origin

Thin-layer chromatogram of faecal bile acid
extracts 1 to 8 and mixtures of deoxycholic

acid, 1lithocholic acid and 12-hydroxystearic
acid standards.
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RECOVERIES AND ﬁEPLICATE VARTIATION

RECOVERY FROM ETHANOLIC EXTRACTION PROCEDURE

The procedure for extracting sterols and
bile acids_from faeces was checked by recovery
experiments. Cholesterol and deoxycholic acid
standards werle added to e#traction thimbles and
the extraction procedure was carried out. After
6 hours extraction with 95% ethanol under nitro-
gen, the extracts were evaporated to dryness
with a rotary evaporator and the residue dissolved
in 3 ml., of re-distilled acetone. Aliquots were
then applied to a thin layer plate for quantifica-
tion, The results are'shown in Table X.

Table X.

Recovery of cholesterol and deoxycholic acid
by the extraction procedure.

Cholesterol Deoxvyvcholic Acid

Sample Added Recovered Added Hecovered

EE‘I;' H£§O Ehﬁ;. Eg‘
1 22,7 . 22.3 11.5 10.9
2 18.3 18.7 10.4 9.8

Mean 204,50 20.50 10.95 10.35
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Recovery from Ion-Exchange Columns

The presence of neutral stercids and bile
acids in their respective eluates was checked
by passing‘Fholesterol and deoxycholic acid
standards through the ion~exchange columns and
running samples from the Qarious eluted fractions
on TLC. Cholesterol was detected only in the
80% ethanolic fraction and deoxycholic acid in
the fraction eluted by 06.1M ammonium carbonate

in 50% ethanol.

Recovery of Neutral Steroids and Bile Acids
Added to TLC Plate

Recovery of Neutral Steroids

Duplicate TLC plates each containing five
standard mixtures of cholesterol; coprostanocl
and coprostanone and six equal aliquots of a
faecal extract, three of which had known amounts
of a mixture of cholesterol, coprostancl and
coprostanone added to them were developed,

The spots were charred and the amount of

cholesterol, coprostanol and coprostanone in

the faecal extracts calculated (see Methods
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section, p. 98 ). The results are shown in

Table XIL.

Recovery of neutral steroids from faecal
extracts by TILC.

Cholesterol Coprostanol Coprostanone
Added Re— Added Re -~ Added Re~
P& covered wugm, covered uyg. covered
Bl ST Hige
15 14.8 20 21.3 10 9.9
Plate 16.3 20,3 " 9.9
" 16.3 " 18.1 " 8.k
n 15.8 n 19.6 " 10.5
Plate " 15.8 " 20.5 " 9.0
" 155 " 22,6 " 8.0
Mean 15.75 20,40 9.28
S.D. +0.560 +1.226 +0.975
%. 105% 102% 93%

Bile Acids .

A similar recovery experiment was carried

out using deoxycholic acid and lithocholic acid.
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The results are shown in Table XII.

Table XIX,

Recovery of bile acids from faecal extracts
by TLC.

Deok&éﬁblic Acid Lithocholdc icid
Added Recovered Added Recovered
15 14,0 15 15.8
Plate " 14.0 " 13.0
' n 13.6 n 16.3
" 13.6 " 16.5
Plate " 13.8 " 16.3
y " 13.8 " 16.3
Mean 13.8 . 15.7
S.D. +0.179 +1.341
% 92% 105%

RECOVIERY OF NEUTRAL STEROID AND BILE ACIDS
AFTER COMPLETE ANALYTICAL PROCEDURD

Faecal specimens, with and without added
neutral steroid and bile acid standards were subjected

to the complete analytical procedure i.e. solvent
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extraction under nitrogen, ion exchange
chromatography and thin layexr chromatography
as described in Method section (p.87-92;
97-100). The _results are shown in Table XIII.

Table XTIT.

Recovery of neutral steroids and bile
acids after complete analytical procedure,

Sample 1. Sample 2.

Com~— Added Recovered Added Recovered
pound HE . B LE- K
cholesterol 10.3 10.0 10.3 10.4
coprostanol 10.5 10.3 10.5 10.7
coprostanone 13.5 13.0 13.5 13.8
deoxycholic 9.5 8.8 9.5 8.9

acid
lithocholic 13.4 13.3 13.4 12.3

acid

Variation of Replicate Estimations

To check the reproducibility of the
technique, aliquots from a single faecal specimen
were analysed by the complete procedure. The

results are analysed in Table XIV.
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Control Data: Faecal Neutral Steroid and Bile
Acid Dxcretion in Normal Human

Subjects.

The faecal excretion of neutral sterxroids

and bile acids in three young (26, 27 and 29
yrs. ) healt£§‘;;bjects was studied for three
weeks. Faeces were collected for five days
each week. The subjects were staff members
and were not on a restricted diet., The resulfs

and standard deviations are shown in Tables XV.
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Comparison of the daily excretion of faecal
neutral steroids and bHile acids measurec
by TLC densitometry and GLC.

The daily faecal excretion of neutral

steroids and bile acids in six faecal specimens

I -

was measured by TLC densitometry (Method section,

p, 98 ) and by GLC (Method'section, P. 102 ).

&~

The results are shown in Table XVII.
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The total sterol content of the diet was

also analysed and the values ranged
to 375 mg./day (mean = 194 mg./day)
daily diets were analysed).

To dééé;;ine whether there was

variation in the excretion of plant

in subjects during an ordinary ward

from 184

(five

much
sterols

diet, the

faecal neutral steroid extracts of eight sub-—

jects were examined by GLC (Method section,

p. 102). The mecan percentage of steroids

excreted as plant sterol metabolites three to

six days after admission was 9.7% {+4.6%) and

ten to fifteen days later was 9.1% (12.7%).
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BILITARY BILE ACIDS

The method of Ganshirt et al. (1960)
(see Method section; p.1l04 ) was used in the

measurement of glycocholic acid and taurocholic

- h .

acid as it was a relatively simple and accurate
method. The adsorbent used,; Macherry Nagel
Kieselgel MN-GHR, was found to be the most
suitable as the others gave high and variable
blank wvalues.

To check the reproducibility of the method
two bile samples were analysed three times,
In one sample the glycine:taurine ratios (G/T)
were 4.0, 4.4 and 4.6 and in the other the
ratios were 3.5, 4.2 and 4.2. The linear re-—
lationship between the optical density (0.D.)
at 387 mp. of the supernatant of the extracted
spot and the amount of bile acid applied to the

pPlate is shown in figure 17.
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Figure 17.
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Standard graphs for taurocholic acid and
glycocholic acid showing the straight line re-
lationship between 0.D. of the extracted spot
and quantity of bile acid present.,
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DISCUSSION
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SEPARATION OF CHOLESTEROL, CHOLESTANOL AND
Al -CHOLRSTENOL BY SILVER NITRATE IMPREG-
NATED TLC AND REVERSED-PHASE TLC,

a) Silver nitrate impregnated TLC

The Sﬁparation of these compounds from
each other has proved extremely difficult
(Part IT). It has not béen possible to
accomplish separation of cholesterol from‘A7-
cholestenol by ordinary'TLC as reported by
Bennett and Heftman (1962) but the separation
of these sterols was achieved on plates 40 cm,
long (Avigan et al. 1963). The introduction
of silver nitrate impregnated TLC to lipid
analysis (see Part II) éuggested a means of
separating cholestexrol, cholestanol and A7-
cholestenol,

Surprisingly enough, silver nitrate TLC
systems accomplished the separation of 137—
cholestenol from cholesterol even although they
both possess & single double bond. This
difference in RF may be explained by suggesting

that the double bond at position 7 is less
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accessible tham that at position 5 and that

this reduces the tenacity with which it dis
adsorbed by the silica gel surface. The

ease of separation of cholesterol and cholestanol
by these TLC systems is more easy to explain
since they differ in struéture by a single double
bond. The general increase in sterol RF values
on silver nitrate impregnated thin-layer
chromatograms compared with those in the more
standard adsorption TLC systems is probably

due to a reduction in surface area available

for adsorption or alternatively, to increased
hydration brought about'by less thorough drying
of the layer.

The dincreased resolving power of the
technique was somewhat offset by a number of
associated disadvantages. Standard extracting
solvents, such as methanol and chloroform gave
low recoveries of &?-cholestenol from the im-

pregnated plates as measured by the Liebermann-

Burchard reaction (see sections, Method ,
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Results Table VII), an effect later shown to

be due to inhibition of the reaction by the
large concentration of silver ions present
(results s?ction, Table VIII). This difficulty
was overcome by eluting with 50% ethanolic
ammonia which cleaves the'silver~sterol conm-
plex and facilitates assay of the free compound,
An attempt to furiher enhance the reliability
of the quantitative assay-.-of sterols from
silver nitrate impregnated TLC plates was made
using the reagent of Zak et al. (1954) (Method

section; p. 101), the ferric chloride in the
reagent being replaced By ferric nitrate to

avoid cloudiness due to silver chloride pre-
cipitation. However, little success was ob-
tained by this method, the recoveries being more
variable and generally lower than those given by
the Liebermann~Burchard reaction (results section,
p. 115), possibly due to high blank values

relative to the colour-response of A?-cholestenol.

b) Reversed-nhase TLC,
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While it proved dimpossible to separate
cholestanol from A?«cholestenol using silver-
nitrate impregnated TLC;, even although many
solvent systems were tried, this separation
was achievedﬂ;ith relative simplicity using
reversed-phase TLC at 1ow.temperature (results
section, PFigure 11). With this procedure
however, only small amounts of these sterols
(1 ug.) could be well separated,. This to-
gether with the fact that charring resulted
in a dark grey background limited the detecting
spray reagent to phosphomolybdic acid., The
improved separation at low temperature compared
with that at room temperature is probably due
to the stationary phase and the mobile phase
becoming less miscible at the low temperature,
resulting in an increase in the development time
which together enhance the partitioning of the
compounds. -

From these results (Part II; Results

section, ijS—lﬁﬁ it appears that thin layer
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chromatographic’ separation of cholesterol,
Ag—cholestenol and cholestanol from each other,
either as free sterols or as derivatives is best
achieved by the combination of silver nitrate

- A A aa

impregnated TLC and reversed-phase TLC.
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QUANTITATIVE BESTIMATION COF FARCAL NEUTRAL
STEROIDS AND BILE ACIDS BY TLC DENSITO-
MIZTRY

Quantification of steroids and bile acids
by densmtometry of the spot produced by charring
on a TLC plate is dependent on several factors,
a few of which are listed'below.

a) A uniformly thick layer of silica gel.

b) A good separation between well defined
spots and

c) A suitable spray reagent.

a) The procedure and apparatus foxr producing

a unifoxrmly thick layer has been described

(Methods section, p. 91'). This is especially

important when using an automatic integrator as

any irregularities in thickness of the layer

might result in inaccuracies in the recorded

peak areas for the compounds scanned.

b) Effective separation is necessary to allow

the discrete scanning of each spot ensuriag that

the area recorded under each peak is due entirely

to a single spot. The procedures described



for neutral steroids and bile acids (sece
Method section, p. 97 ) resulted in the com-
pounds being well separated from each other
(see Results section, Figs. 12, 13 and 16).
o) To obtain spots suitable for precisé
densitometry in situ iv ié necessary to pro-
duce the maximum possible contrast between
spot and background. The most suitable re-
agent for this purpose was 1% potassium iodate
in 10% sulphuric acid as it produced dark
brown spots on a white background (see Results
section, Figs. 12 and 13). The other spray
reagents tried all produéed non uniform bgck-
grounds (see Results section, p., 119).
Although these ithree criteria were ad-
hered to it was mnecessary to include a series
of standards with each plate as the degree of
charring varied from plate to plate even when
the temperature of the oven and the period of
heating were kept constant. This was probably

due to the amount of spray reagent varying Lrom
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plate to plate, The number of extracts which
could be run on each plate was six (Results
section, Figs. 12 and 13).

Comparison with othex techniques

The recoveries through the method were
adequate and its reproducibility compared
favourably with that of the GLC technigue
(Results section, Table XVII) while having the
considerable advantage of increased simplicity
and speed. ffor example, there are only two
stages between the extraction and the quantifica-
tion by densitometry which not only reduces the
time reqguired for assay.but also tends to im-
prove recoveries, in addition the mass measure=-
ment in situ on the thin layer plate is quicker
and losses are less likely to occur than if
extraction from the plate is carried out before
for example measurement by colorimetry (Haust
and Beveridge, 1964) or by GLC (Miettinen et al,
1965), The method of Goldsmith et al (1960)

although one of densitometry is not carried out
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in situ (see Part II, p. 77 ).

A disadvantage in the densitometry method
described in this thesis is that plant sterols
are not measured separately from endogenous

sterols. Complete faecal sterol analysis

has been achieved by a combination of TLC and

GLC (Eneroth et al. 1964; Miettinen et =zl.
1965). However from patients on an ordinary

mixed diet; the contribution of plant sterols

to total faecal steroids is small and relatively
constant (see Results section, p. 136) and so

the densitometry technique is not seriously
affected. The plant sferols are in fact measured
with their corresponding homologue of animal
origin viz,., cholesterol; copnrostanol and
coprostanone and so an accurate measurement of

the faecal excretion of total neutral steroilds

is obtained by the densitomeitry technique.

Faecal bile acids

In the measurement of faecal bile acids

by densitometry, the initial development in the
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solvent system of Brown and Johnston (1962)
is essential as this ensures removal of fatiy
acids and hydroxy fatty acids (see Results
section, Figure 16) and acidic pigments from
the bile acids. The presence of these com-
pounds causes over estimation of bile acid
excretion when titration techniques are used
(see Grumdy et zi. 1965). The TLC technique
of Semenuk and Beher (1966) is similar to the
method described in this thesis but the spray
reagent used by these authors was found to be
unsuitable (See Results section, p. 119).
However, their method in their hands had con-
siderable sensitivity.

The densitometry method reported here
measures the bile acids as thiree groups i.e.
the monohydroxycholanoic acids, the dihydroxy-
cholanoic acids and tine trihydroxycholanoic acids.,
The principél éomponents of these three groups

are lithocholic acid, deoxycholic acid and

cholic acid respectively. Although it measures



the total bile acids present, it does mnot

assay individually the isomers present in each

group. This is relatively unimportant as the

principal bile acids in faeces are deoxycholic

acid and lithocholic acid. The important

point is that the excretion of totel faecal

neutral steroids and total bile acids can be

measurea accurately by the densitometry technique.
This concludes Part IIT on Methods. The

following and final section Part IV describes

the application of these techniques and discusses

the results obtained.
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PART IV.

THE APPLICATLION OF JUANTIT.DIVE TRCHNIQWUES
OF NEUTRAL STIHROID AND BILD ACID
ANALYSIS TO STATES OF ALTERED
CHOLESTEROL METABOLISM
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INTRODUCTION

The relationship between ischaemic heart
disease and elevated serum cholesterol levels
has result?d in a wide variety of compounds
being tested in an attempt to control serum
cholesterol concentrationé. A brief review of
the effects of some of these compounds has been
presented in Part IB of this thesis.

There are two main routes by which
cholesterol is lost from the body.

a) direct excretion into the gastrointestinal
tract from the liver and from the intestinal
mucosa and

b) the conversion in the liver to bile acids
which are then excreted as their taurine
or glycine conjugates (see Part IA).
Compounds which affect either of these two

pathways ‘would therefore be expected to exert

some influence'on‘serum cholesterol levels.

In the following sections a more detailed

review of a small number of these compounds
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has been given fTollowed by a description of
experiments designed to determine their effects

on the excretion of cholesterol and its cata=-=

bolites,
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THE BEFFECT OF TAURINE

It has been suggested that the proportion
of taurine to glycine conjugated biliary bile
acids may‘%nfluenCe the serum cholesterol con-
centration (Kritchevsky, 1958(c),1961; Howe

t al. 1960; Hellstrom and Sjdvall, 1961;
Failey et al. 1962). In general, conjugation
with taurine is associated with low serum
cholesterol; glycine counjugation with high
serum cholesterol. On the one hand the dog
and the rat are resistant to expcerimental hyper-—
cholesterolaemia induced by adding cholesterol
to the diet (Steiner and Kendall, 1946; Gould,
1951) and their bile acids are conjugated en-
tirely with taurine (Bremer, 1956). On the
other hand, the rabbit is susceptible to
cholesterol feeding (Wang et al. 1954) and has
its bile acids conjugated with glycine (Hellstfgm
and Sjovall, 1962).

If Cebus monkeys, rats or mice are fed

diets deficient in sulphur containing amino acids,
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but rich in cholesterol they develop hyper-
cholesterolaemia (Mann et al. 1953). Additiom
of taurine to these diets decreases the levels
of serum cholesterol (Portman and Mann, 1955;
Portman and Stare, 1959; Seidel et al. 1960).
Similarly the raised seruﬁ cholesterol of rats
given cholic acid and a high-cholesterol diet
can be reduced by taurine (Hermmann, 1959). In
mice 0.1% of taurocholic acid in the diet induces
less hypercholesterolaemia than either glyco-
cholic acid or free cholic acid (Howe et al.
1960).

In man the ratio of glycine~to taurine-—
conjugated bile acids (G/T ratio) averages 3:1
(Wiggins and Wootton, 1958; Sjovall, 1960).

The hypercholesterolaemia of myxoedema is
associated with an increased G/T ratio of approxi-
mately 7 (Hellstrom and Sjovall, 1961), an
abnormality which is corrected by thyroid hormones.
In thyrotoxicosis on the other hand the G/T ratio

is about 2 (Hellstrom and Lindstedt, 1964),



157

Doses of nicotinic acid sufficient to reduce
serum cholesterol also reduce the proportion
of bile acids conjugated with glycine (Failey
et al. 1952)L* Nicotinic acid is excreted in
the urine as its glycine conjugate nicotinuric
acid (Miller et al. 1960).and this might deplete
the body of glycine (Kritchevsky, 1961). Diets
rich in unsaturated fat appear to produce more
cholic acid in bile than those rich in saturated
fats (Lindstedt et al. 1965; Hellstrom and
Lindstedt, 1966). The type of dietary fat
does not however have a consistent effect on
the G/T ratio (Hellstrﬁﬁ and Lindstedt, 1966).
Sjovall (1959) was able to increase the
proportion of taurine conjugated bile acids in
human bile by feeding as little as 1.5 g./day
of taurine whereas large amounts of glycine
(21.0g./day) did not affect the G/T ratio.
Unfortunatély’ Sjovall did not record the serum
cholesterol level of the normal men in this study.

Since taurine is derived from cysteine



it is likely that diet can influence the con-
Jugation of bile acids and if serum cholesterol
levels can be changed by altering the taurine
conjugation of biliary bile acids a relatively
simple way of controlling serum cholesterol
levels in man might be deQeloped.

These considerations prompted this study
of the effect of feeding taurine on the serum
cholesterol concentration and bile acid con-
jugation pattern of men with normal lipid meta-

bolism.,.

THE EFFECT OF CLOIMIBRATE

Although clofibrate has been widely used
in clinical trials, not only in patients with
disorders of lipid metabolism, but also in
apparently healthy adults, the mechanism by
which it reduces the serum lipids has not yet
been established. In 1963, Thorp suggested
that it displaceg thyroxine from the plasma
albumin into the livexr, thereby inhibiting

hepatic synthesis of lipids. If this were so
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then the effects of clofibrate on lipid meta~
bolism would probably be similar to those
produced by the administration of thyroxine.
It is well established that serum cholesterol
levels are markedly influenced by thyroid
hormones (Gildea et al. 1932; Strisower et al.
1954) and that hypothyroidism leads to elevated
serum cholesterol levels in a number of animal
species including man (Pitt-Rivers and Tata,
1959). The question of whether or not the
plasma concentration of cholesterol is abnormally
low in thyrotoxicosis has been much debated
(Peters and Man, 1950) But is not generally
agreed..

From the work of Karp and Stetten (1949),
Byers et al. (1952), Friedman et al. (1952)
and Eriksson (1957) it appears that thyroxine
stimulates both the synthesis and excretion of
cholesterol and that the changes observed in

the plasma cholesterol level when thyroid

activity is altered are the net results of these
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two opposing effects,. As has becn described
(page 156) the ratio of glycine to taurine
conjugated bile acids (G/T) is also affected

by thyroid hormones. The hypercholestcrol-

- A ena

aemia which accompanies myxoedema is associated
with an increased G/T ratio whereas in thyro-
toxicosis the G/T ratio is low.

As a result of their cholesterol lowering

ability thyroxine and its analogues, have been

used in the treatment of hypercholesterolaemia
in euthyroid subjects (Oliver and Boyd, 1956;
Goolden, 1956; Beierwaltes and Ruff, 1958;

Boyd and Oliver, 1960) énd in hypothyroid sub-
jects (Gross et al., 1952; Malmros and Swahn,
1953; Boyd and Oliver, 1960). In the euthyroid
patients serumn cholesterol was usually depressed
without measurably altering the basal metabolic
rate (BMR)f ‘ However, continuation of the dose
at a constant lével often led to the return

of plasma cholesterol fto the pretreatment level
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(Boyd and Oliver, 1960). Increasing the dose
to maintain the serum cholesterol lowering
effect may then increase the BMR. Treatment
of hypothyﬁpiq subjects with thyroxine or its
analogues decreases serum cholesterol levels
within a day or two and with some of the
analogues reduction occurs within a few hours
of administration (Boyd and Oliver, 1960).

In contrast to the effect on cholesterol,
serum triglycerides are only slightly reduced
by thyroxine (Best and Duncan, 1964; 1966).

To study the mechanism of action of clo-
fibrate and to compare its effect with that of
thyroxine, three investigations were carried
out into:-

a) The effect of clofibrate on the conjugation
of biliary bile acids in patients with
hypercholesterolaemia (p. 168).

b) The effect of clofibrate on serum and
faecal lipids in humans (p. 174), and

c) A comparison of the effects of clofibrate
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and L—thyréxine on the serum and faecal
1ipids in hypothyroid subjects (p. 197).

THE EFFECT OF ORAL CALCIUM

Epidem@g&pgical-investigations in different
countries have shown an inverse relationship
between the hardness of dfinking water and the
mortality froﬁ cardiovascular disease (Kobayashi,
1957; Schroeder, 1960; Morris et al. 1961;
Bidrck et al. 1965).  Atheroma has been shown
to be more extensive in young subjects (aged 30~
Li years) living in Glasgow, a soft water area,
compared to subjects of the same age group living
in London, a hard water'area (Crawford and Crawford,
1967). As elevated serum cholesterol and tri-
glyceride levels are well established as high
risk factors in the development of ischaemic
heart disease (Dawber et al. 1962; Morris et al.
1966) depression of these lipids by increased
calcium intake (Yacowitz et al., 1965) might
explain the relationship between the hardness of

drinking water and atherosclerosis. The
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mechanism by which calcium produces a reduction
in the serum cholesterol is not clear, but it
has been suggested that calcium may interfere
with cholggterol absorption (Wells and Cooper,
1958; ZTacono et al., 1960),

The role of magnesiuﬁ - the other principle
cation of hard water - in the pathogenesis of
ischaemic heart disease is less certain (see
Schroeder, 1960; Morris et al. 1962),

An investigation was made into the effect
of oral calcium on the excretion of cholesterol

and its metabolites (p., 207).

THE BFFECT OF DIETARY CHOLESTEROL

In 1965, Keys et al. showed that decreasing
the cholesterol content of the diet had little
effect on serum cholesterol concentrations.
Earlier experiments (Mayer et al. 1954) had
similarly suggested that dietary cholesterol
intake and'plasma cholesterol levels were un-
related. This was supported by Bhattathixry

and Siperstein (1963) who found that although
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the addition of cholesterol, in the form of
eggs, to the diet depressed cholesterol syn-
thesis in the human liver, the level of plasma
cholesterol remained unchanged.

However, Connor et al. (1960, 1964) found
that by increasing the diétary intake of
cholesterol by the addition of egg-yolk, the
serum cholesterol levels were markedly increased
and when the subjects were fed a cholesterol-
free diet, the serum cholesterol levels decreased,

At present, there are two alternative
mechanisms which are thought to protect man
from hypercholesterolaeﬁia of dietary origin.

The first, is the negative feedback mechanism

in which the level of dietary cholesterol controls
the hepatic synthesis of cholesterol. This has
been found to operate in many experimental animals
such as rat (Frantz et al. 1954), dog, rabbit
(Gould, 1951) and chicken (Sakakida et al. 1963)
and is discussed in more detail in Part IB p. 37

of this thesis.
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The second protective mechanism is the
limited capacity of the human intestine to
absorb cholesterol (Karvinen et al. 1957;

Kaplan et al. 1963; Taylor et al. 1965;
Taylor and.H;: 1967).

The effect of dietary cholesterol'on serum
and faecal lipids was investigated in one sub-

ject (p. 224).

EXPERTIMENTAL

1) The effect of feeding taurine on bile acid
conjugation and serum cholesterol levels
in man

Four experiments were carried out in three
men. Each experiment consisted of a 2 week
control period, a period of 10-15 days in which
taurine was added to the diet and a further 2
week control period. J.M., 26 years old, was
receiving physiotherapy after a mild right hemi-
paresis due to cerebral arterial thrombosis.
J.C. was a -clinically normal volunteer aged
62 years, C. MéL., aged 34 years, was con-
valescing after medical treatment for a duodenal

ulcer,
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The subjedts were admitted to a metabolic
ward where each received a constant diet through-
out the experiment,. J.M. was studied during
two dietary ?egimens in which the fat content
was 50 g. of butter in the first experiment and
5.0 g« of sunflower seed 611 in the second.

Two weeks were allowed for adjustment between

the two regimens, The other subjects were

given mixed diets based on estimated consumption
at home, Dietary fat in these subjects was
given in saturated form. Taurine; 1.5 g. per
day, was given in divided doses with meals during
the 10-15 days treatmené pexriod. Body weight
changed by less than 3 kg. during the three
experimental periods,.

Fasting serum cholesterol levels were
measured daily during the experiments by the
method of Abell et al. (1952). On two occasions
in each subject (befora and towards the end of
the taurine period) the duodenum was intubated

and bile collected and the conjugated biliary
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bile acids analysed as described in Part III

(p. 104).

a) Serum cholesterol

Results of the four experiments are shown
in Table XVIIL in which mean serum cholesterol
levels from the 8th day to.the end of the tauriné
periods are compared with means of all the deter-~

minations in each control period,

Table XVIIXT

The effect of taurine on serum cholesterol
concentrations.

Subject Mean serum cholesterol
(ng./100 wl.)

Control Taurine Control
J.M. (butter diet) 214,7  206.5 210.5

J.M. (sunflower seed

oil diet) 168.1  160.3  148.6
J.C. 228.8  231.1  227.2
C. McL. 185.0 185.0 197.1
Mean S 199.2 195.7 195.9

Feeding taurine had no consistent effect



on serum cholesterol despite the considerable
reduction in the glycine/taurine ratio of con-
jugated biliary bile acids (Table XIV).

Table XTIV

- a e

The effect of taurine on glycine/taurine
ratio of conjugated biliary bile acids.

Subject Glycine/Taurine Conjugation
Ratios
Control Taurine
J.M. (butter diet) 4.8 1.1
JeM. (sunflower
seed oil diet) 3.k 0.8
J-C' 2“-9 006

2) The effect of clofibrate

a) The effect of clofibrate on vhe conjusation
of biliary bile acids in paticnts with
hypercholesterolaemia.

Clofibrate (0.5 g._q.i.d.) was given to
five patients with hypercholesteroclaemia or
ischaemic heart disease. Further details are

given in Table XX.
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None of the patients was judged on clinical
grounds to have thyrold discase and none was re-~
ceiving any other cholesterol-lowering treat-
ment. Patients 1 and 4 were each given a constant
diet of mixed foods (35% of calories from fat)
in the metabolic ward. éatients 2, 3 énd 5
were asked to continue their usual diet at home
while clofibrate was given.

Serum cholesterol was measured by the method

Je (1952). Bile was collected

——

of Abell et
before starting clofibrate and after two weeks
treatment in three patients and after one month's
treatment in two of the'outpatients (Nos. 2 and
3). The chromatographic separation of the con-
jugated bile acids and the determination of the
glycine/taurine ratio was carried out as described
in Part IIX (p. 104). The significance of
changes in serum cholesterol and G/T ratio from
their mean pretreatment levels was determined

by the Student "t" test for paired wvalues.
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A Changes in sexum cholesterol

One month's treatment led to an average
drop in serum cholesterol of 22% (Range +2 to
~-57%) but the changes were not significant.

B. Changes in bile acid conjugation

During clofibrate treatment the G/T ratio
of biliary bile acid conjugates showed little
change in four patients and a decrease in
patient No. 5 (an out-patient). Table XXI.

Table XXT.

The effect of clofibrate on the glycine/
taurine ratio of biliary bile acid
conjugates.

Patient No. "~ G/T ratio
Control - Clofibrate

1 . 1.k 1.1

2 249 2.3

3 k.3 4.0

L 2.5 2.9

5 o 2.3 1.1
Mean . 2.68 2,28

The mean &/T ratio changed from 2,68 to 2.28.
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The ratio on treatment was not significantly
different from the control ratio.

On inspection of the thin-layer chromato~-
plates of hydrolyzed bile there was no obvious
change in the relative proportions of cholic,
chenodeoxycholic and deox&cholic acids.,
Chromatograms from the first 4 patients, before
and during treatment; are shown in Figure 18

Bile acids from the fifth patient gave a siwmilar

result.
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DIl D2 J1 J2 S Ml M2 R1 R2
. 4 # # » cholesterol
lithocholic
acid
deoxycholic
1
# # chenodeoxy-
cholic acid
cholic acid
origin
Figure 18, Thin-layer chromatoplate of free
bile acids in hydrolyzed biles of first 4
patients. Origin at bottom. From left to

right : patient 1 control, patient 1 treatment,
patient 2 control, patient 2 treatment, standards
(from below upwards; cholic, chenodeoxycholic,
deoxycholic and lithocholic acids), patient 3
control and treatment, patient 4 control £ftrd
treatment. The major spots in the bile samples
are, from below upwards, cholic, chenodeoxycholic
and deoxycholic acids, with cholesterol running
to the front.



174,

b) The effect of clofibrate on serum and
faecal lipids in humans

Details of the 21 subjects investigated
are presented in Table XXII. Eighteen were
ambulant patients admitted to the ward for
clofibrate therapy. O0f these; nine had had
a myocardial infarction from six months to ten
years previously, eight had other forms of
occlusive axrterial disease; and one had familial
hypercholesterolaemia., Two of the normal sub-
jects were members of the scientific staff, and
the third was convalescing from an attack of
acute rheumatism.

After a preliminary period of three to six
days, clofibrate was given for nine to fifteen

days at the dosage indicated in Table XXII.
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Fasting blood samples were obtained three
times per week for sexrum cholesterol and tri-
glyceride estimations, and the values presented
are thereﬁ?re the mean of two or three blood
samples taken during each faecal colliection.
Faeces were collected (tﬁree—day collections
in ten subjects and six-day collections 4in
eleven subjécts) before clofibrate administra-
tion, and again between the ninth and fifteenth
days of clofibrate therapy. With one exception,
the subjects were given an unrestricted ward
diet throughout theixr hospital stay. In order
to assess any effect dué to dietary change on
admission to hospital, 1 subject (M.W.) was
maintained throughout the experimental period
on a constant diet, approximating as closely as
possible to herwr habitﬁal diet. The composition
of this diet per 24 hours was as follows:-
total calories 951, total fat 51 g., cholesterol
900 mg., carbohydrate 83 g., and protein 40 g.

Ten subjects were readmitted several months
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later (range 1 'to 9 months, mean 4.6 months)
for a further 6-day coliection of faeces.
Clofibrate had been continued during the inter-

val in a dosage of 0.75 g. twice daily in 7

- A e o

subjects and 1.0 g. twice daily in 3 subjects.

Serum total cholesterol was measured by
an autoanalyzer method (Technicon N.EQP), and
serum triglyceride by the method of van Handel
and Zilversmit (1957).

Faecal specimens were stored in weighed
containers in a deep freeze until processed as
described in Part III (p. 87 ). Faecal bile
acids and neutral steroids were measured as
described in Part III (p. 97 ). In addition,
since the above technique does not separate the
parent neutral steroids from their analogues
of plant origin, gas~liquid chromatography
(Eneroth et al. 1964) was uscd to separate these
compounds in the neutral stercid extracts of
11 subjects; and the percentage of total neutral

steroids formed by plant sterols was determined



178.

before and during clofibrate treatment.
Faecal fat (neutral fat plus free faity acid)
estimations were carried out on freeze dried
specimens py Soxhlet extraction of approxi-
mately 1.0 g. of the dry matter with diethyl
ether for 6 hours (Harris&n, 1949).

The significance of changes in serum
lipids and faecal constituents from their mean
pretreatment levels was determined by the Student

"t test for paired values.

Serum Cholesterol

Within nine to fifteen days of commencement
of clofibrate therapy sérum cholesterol levels
had fallen significantly (Table XXIXI, Figure 19,
18 of the 21 subjects showing a fall of between
2 and 130 mg. per 100 ml. serum. In 12 orf these,
cholesterol fell by more than 15% of the imitial
level. Two subjects (E.D. and J.M,) showed
no significant change, and in the remaining sub-
ject (J.H.) the serum cholesterol increased by

41 mg. per 100 ml. over the mean basal level.



The greatest reduction in serum cholesterol
level occurred in those subjects with the high-
est pretreatment levels; and a significant

correlation was observed between the height of

A e e

the initial cholesterol level and the magnitude
of the fall (r = -0.48, b < 0.05). Both the
high and low dosage groups showed a reduction
in serum cholesterol level. The decrecasc was,
in fact,; greater in the group on 1 g. clofibrate
daily (50 mg. per 100 ml. p < 0.05) than in the
group on 2 g. daily (15 mg. per 100 ml.), the

formexr group having higher pretreatment levels.
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Table XXIIT

Cholesterol
mg. /100ml, serum

Triglyceride
mg. /100ml. serum

Whole Group

(n =21)

After
Pre- 9-15 days!'
Treatment Clofibrate

273.3 240, 3%k

+64.6 +57.1
120.4 0], 2%%%

+53.1 Hmw. 6

Serum Lipids

Group on 2 g./day

{n =10)
After
Pre- 9-15 days'
Treatment Clofibrate
240.6 225.9
+57.1 Hmo.H
110. 0 93. 5%
+64.5 Hmm. 2

Significant difference from pretreatment

{Mean values + S. D. )

Group on 1 g. /day

{n = 11)

Alter
Pre- 9-15 days?
Treatment Clofibrate

303.2 253, 6wk

+58.1 53.7
130. 0 8 G, Zx

+41.1 i35.2

Prolonged Tre
I
8

@ P
Ses CF

levels * p<0,05, %% p<0. 01, *¥*% p0.001

re - 1-

ment Group

Alfter
9 months?
lofibrate

230.8
+39. 4
130.2
+95.9



181,

Serum Serum
Cholesterol Triglyceride
(mg/100ml.) (mg/100ml.)

400 X —" -250
3501 200
3004 -150
250+ -100
200+ - 50
150- -0
PRE- AFTER PRE- AFTER
TREATMENT 9-15DAYS  TREATMENT 9-15 DAYS
TREATMENT TREATMENT

Figure 19. The effect of clofibrate, 1 g. (x-x)
and 2 g. (0-0) daily for nine to fifteen days,
on serum cholesterol and serum triglyceride
levels. -
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The decrease in cholesterol levels in the
13 male subjects (18 mg. per 100 ml.) was sig-
nificantly less than that seen in the 8 females
(57 mg. per 100 ml., p < 0.05) in whom there was
a greater proportion with high initial cholesterol
levels.

When the estimation was repeated in 10 sub-
jects between one and nine months later, a sig-
nificant reduction of serum cholesterol had not
been maintained, although seven of the subjects
showed serum cholesterol levels which were be-
tween 14 and 127 mg. per 100 ml,., below their
pretreatment levels. Tn the remaining three
subjects (A.K., F,R., and W.B.) increases of
10 mg., 29 wmg., and 71 mg. per 100 ml. were
observed relative to their pretreatment values,
The mean decrease for the whole group of 31 mg,
per 100 ml. was not statistically significant
(Table XXIII).

Serum Trigiyceride

Clofibrate led to a significant reduction

of serum triglyceride levels within nine to
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fifteen days (Table XXIII, Figurel9), Sixteen
of the subjects showed decreases of 6 to 89 mg.
per 100 ml. and in fifteen of these patients the
fall was 15% or more of the initial level. No
appreciable ggange was seen in the remaining

five subjects, Although'the pretreatment values
were similar in the two groups, the subjects on
clofibrate 1 g. daily showed a greater decrease
in serum triglyceride (mean decrease 42 mg. per
100 ml. p < 0.05) than the group on 2 g. clofibrate
daily (mean decrease 17 mg. per 100 ml.). The
Serum triglyceride changes did not differ in
male and female subjacté. There was no s;gn
nificant correlation between the height of the
pretreatment triglyceride level and the magnitude
of the decrease occurring during clofibrate
therapy. Of the subjects who showed no tri-
glyceride change in respomnse to clofibrate, only
one (E.D.) ‘also failed to show a decrease in
cholesterol. There was no significant corre=-

lation between the pretreatment levels of
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cholesterol and triglyceride in the 21 sub~
jects, nor between the magnitude of the de-~
creases obtained in cholesterol and triglyceride
on clofibrate therapy.

When serum triglyceride estimations were
repeated in ten subjects Eetween 1 and 9 months
later (Table XXIII), seven had levels between
6 and 70 mg. per 100 ml. below their pretreat-
ment levels, while two (M.W. and W.B.) had small
increases of 7 mg. and 17 mg. per 100 ml, The
remaining subject (J.P.) showed a marked increase
in triglyceride from her mean pretreatment level
of 179 mg. per 100 ml. to 385 mg. per 100 ml.,
although her serum cholesterol at this time was

22 mg. per 100 ml. below its pretreatment value.

Faecal Excretion

Clofibrdte led to a significant increase
in the wet-weight of faeces excreted pexr 24 hours,
The increase occqrred in nine of the ten subjects
on 2 g. clofibrate daily, the tenth subject (A.W.)

showing no change. In the group on 1 g,



Table XXTV.

Weight of
faeces

Dry wmoomm.

g./24 hr.

Wet faeces
g./24 hr.

Ffaecal fat
Faecal fat
£./100 g.

dry faeces

Faecal fat
g./24 hr,

185,

Faecal BExcretion (Mean Values Hm.U.V

Whole Group
(n = 21)

Pre-~ After
Treatment 9-15 days'

31.7 h2,2

+17.5 +36.9
* ¥

75+5 104.9

+36.3 5401

mo.m mcm
1.94 2.58"
+0.84 +1.63

Significant difference from pre-treatment

Group on 2 g./day
(n = HOV

Pre-~ After
Treatment 9-15 days!'

41,0 66.3F
HHM.% Hfo.ﬂ
64.5 wpr.w**
+18.4 3.2
U-m Wo@
+1.54 +2.45
2.28 u.mr*
+0.94 +1.48

i e
——— e e

W_QHOSU on 1 g./day Prolonged Treatment Group
{(n = 11) (n = 10)
Pre- After Pre-~ - ——After

Treatment 9-15 days' Treatment 1-9 months'

23.4 20.2 22,0 20.6
+11.6 +10.4 +11.2 +8.6
85.5 95.8 85.0 75.9
+45.9 +63.2 +h8.2 +h1.2
7.3 7.8 7.5 8.1
+1l.42 +2.60 +1.32 +3.35
1.66 1.55 1.63 1.6L
+0.67 +0.83 +0.70 +0.86
level 'p € 0.05, ¥p < 0.02, 'p < 0.01.
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clofibrate daily only two subjects (J.:i. and
J.G.) showed an appreciable increase.

The changes in faecal wet-weight were
associated with changes in the weight of
material obtained after {reeze-drying of the
faeces (expressed as grams.per 24 hours of dry
faeces), a significant increase being observed
only in the group on 2 g. clofibrate per day
(Table XXIV).

During the first week of clofibrate
therapy there was also a significant increase
in the number of stools passed per week (mecan =
6.6, p < 0.02), as compared with the number re-
corded during the pretreatment period (mean =
5.4 stools per weelk). By the second week of
medication the number of stools passed was no
longer significantly greater than before treat-
ment (6.0 stools per week). Records of the
number of stools passed were available for only
eight of the ten subjects on 2 g. clofibrate
daily. Of the remaining two subjects, who were

staff members, one (D.M.) complained of mild
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diarrhoea while:taking clofibrate. No sig-
nificant difference was observed between the
two groups in the number of stools passed
during clofibrate therapy.

- A e

Faecal Fat

The mean faecal fat values are shown in
Table XXIV. Duriﬁg the pretreatment period,
the fat content of the faeces in all subjects
was within the range quoted as normal for this
method of fat analysis (3.6 to 22.8 g. per
100 g. dry faeces) (Foweather, 1926). The
small mean increase in percentage of faecal
fat during clofibrate medication was not
statistically significant.,

There was a small but significant increase
in fat excretion (g. per 24 hours) after nine
to fifteen days' clofibrate (Table XXIV).  This
effect was confined to patients taking the larger
dqosage of the drug, three of whom (A.W., E.D.
and D.M.) showed ievels at or above the upper

-~

limit of mnormal (5.0 Eey 541 g and 5.7 g. per
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24 hours respectively) (Hendry, 1960). The
small dosage group showed an insignificant de-=
crease in daily fat excretion.

One to nine months later, the values ob-
tained for fa; content of the stool and daily
fat excretion were not siénificantly different
from those observed in the pretreatment period

(Table XXIV).

Faecal Neutral Steroids

Values for the faecal excretion of in-
dividual and total neutral steroids are shown
in Table XXV. and Figure 0. These are reported
as faecal neutral steroid content (mg. per 100 g.
dry faeces) and as daily neutral steroid excretion
(mg. per 24 hours). In the group given clofi-
brate 2 g. daily, the daily mneutral steroid out-
put showed a significant increase after nine to
fifteen'days' treatment. This effect was not
seen in the low dosage group, in which a small
decrease in faecal neutral steroid output was

observed. A significant correlation was observed

between the change in daily meutral steroid output
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Table XXV. Faecal Neutral Steroids Azmmﬂ Values me.U.v
Whole Group Group on 2 g./day Group on 1 g./day Prolonged Treatment Group
(n = 21} : (n = 10) (n = 11) (n = 10}
After After After After
Pre- 9-15 days' Pre-— 9-15 days' Pre— 9-15 days' Pre-~ 1-9 months!
Treatment Clofibrate reatment Clofibrate Treatménit Clofibrate Treatment Clofibrate
Faecal neutral steroid
content (mg./100 g. dry faeces)
CHOLESTEROL 399.5 378.0 286.3 331.1 502.5 L20.8 501.4 331.7
+221.9 +192.1 +108.8 +228.4 © +196.0 +150.3 +206.6 #234.3
COPROSTANOL * 1739.0 168L.L 16434 1424,2 1825.9 1921.0  1872.9 1833.1
+7L46.8 +819.8 +788.4 +670.1 +733.8 +£900.3 -+ +755.9 +691.5
COPROSTANCNE 335.8 315.h 276.0 353.3 390.2 280.9 hkik.o 378.2
+303.9 £322.5 +342.8 +Lk08.6 +268.6 +235.0  x270.6 +271.2
TOTAL 2b7h.3 2377.8 2205.7 2108.6 2718.6 2622.7  2788.3 2543.0
+898.6 +1046,.4 +994.5 +1020.3 +766.2 +1055.6 +770.1 +628.9
Daily neutral steroid .
excretion (mg./24 hours) .
CHOLESTEROL , 120.5 151.9 . 123.8 223.0 117.6 87.2 ' %
+91.0 £175.k +101.9 +232.4 , +84.8 +57.0 ¢ 110.2 76.3
107 - . i £835.8 +88.9
COPROSTANCL agh,7 562.1 4 381.1 77L.8 397.1 368.7
+202.,0 +346.1 1 C o 1335.7 177.5 +227.3 | 386.3 363.3
- - I x£183.3 +148.0
COPROSTANONE 114.8 117.6 130.5 173.8 100.5 66.6 °
+152.5 +165.3 +182.2 +209.8 +126.9 +95.1 104.9 87.6
— = x . £133.0 £95.3
TOTAL 720.0 831.6 835.4 1171.6 615.2 522.5 |
+406.1 +5345.5 +4bh 6 +529.0 £355.4 £348.0 1 6oL.b 527.2
- - ey - +371.5 +268.0

*
Significant difference from pre- treatment levels p < 0.05, » < 0.,01.
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1200k I MEAN PRETREATMENT LEVEL
>
/l/ MEAN VALUE AFTER TREATMENT
ool ,I_ ( WITH CLOFIBRATE
800} /J-/ l /
1 T T
TOTAL FAECAL ol
NEUTRAL sTEROIDS  °© / l _I_ 1
mg./24hrs. /J.
400 ? / / /
200} / & /
(o] _A /
WHOLE GROUP 29.GROUP 1g.GROUP LATE GROUP
(n=21) (n=10) (n=n) (n=t0)
mioure 20, The effect of clofibrate on the

daily excretion of faecal neutral steroids,
Results are plotted as means + standard errors.
The number of subjects in each group is given

in parentheses.
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during clofibrate therapy, and the change in
serum cholesterol level (r = ~0.45, p < 0.05).
Clofibrate had little effect on the total
neutral steroid content of faeces although
values ten&ééh%o decrease, This trend was
observed alsc in subject M.W. whose dietary
intake of cholesterol was constant throughout
the experiment.

The pattern of individual faecal neutral
steroids showed a significant change only in the
case of D.M., in whom there was an increased
proportion of faecal cholesterol during clofi-
brat; medication, In the pretreatment period
the percentage of faecal neutral steroids ex-
creted as cholesterol in this subject was 15%
as compared with 16% for the remaining subjects.
After nine to fifteen days' clofibrate therapy,
however, an increase to 44% was seen in D.M.,
while no significant change was observed in the

other subjects.

After one to nine months'! treatment with
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clofibrate, the only difference in faecal
neutral steroid excretion from that seen in

the pretreatment period was a small but
significanﬁ»decrease in daily faecal cholesterol
output (Table XXV.). No significant change

was observed in the perceﬁtage of total neutral
steroids formed by plant sterols after nine to
fifteen days' treatment with clofibrate (11.7 =
5.8%) as compared with that in the pretreatment
period (12.7 + 6.4%),

Faecal Bile Acids

. The values for the faecal excretion of
individual and total faecal bile acids are
shown in Table XXVI and Figure 21. They are
expressed in two ways: as faecal bile acid
content (mg. per 100 g. dry faeces) and as
daily bile acid excretion (mg. per 24 hours).
A significant decrease in faecal content of
both deoxycholic_acid and lithocholic acid
(expressed as mg. per 100 g. dry faeces) was

seen after nine to fifteen days' treatment with
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Table XXVI. Faecal Bile iAcids (Mean Values Hm.U.v
Whole Group | Group on 2 g./day Group on 1 g./day Prolonged Treatment Grour
(n = 21) (n = 10) (n = 11) (n = 10)
After After After After
Pre— 9-15 days' Pre- 9-15 days! Pre 9-15 days'! Pre~ 1-9 months!
Treatment oHoWHWHW&m I Treatment Clofibrate Treatment Clofibrate Treatment Clofivrate
Faecal bile acid content
(mg./100 g. dry fazeces) . * ) *
DEOXYCHOLTC AGCID 223.7 150.6" " 183.0 130.07 260.9 169.3 281.8 194.8
+167 .0 +102.5 +109.5 +86.5 +205.2 +120.6 ©4+199.3 x133.3
, B . * . ¥ %
LITHOCHOLIC ACID 15,6 96.2" { 108.3 80.3 16G.5 110.9 176.5 9L.2
+99.1 +06.0 i +85.3 +107.5 +108.1 +86.7 +99.2 +£62.7
: ’ * ¥R
TOTAL 359.3 252.9F%) | 291.3 223.3(1) 421,k 280.2 . L58.3 286.0
23,7 £183.1 | +183.1 +180.7 +283.6 x176.2 +281.5 +179.6
Daily bile acid excretion '
(mz./2L nr,) - o
DEOXYCIOLIC ACID 60.7 sh.2 5.5 80.6 47.3 30.3 m 52.0 37.7
+51.0 +72.8 +66.8 +99.0 £27.7 x21.5 N - ] +27.8
- - . R . #* ) %
LITHOCHOLIC ACID 34,6 23.8 ho.1 28.L 29.6 19.8 32.5 20,1
+26.6 +29.5 x5kt +37.5 +17.5 +20.8 £15.3 x20.4
- . * : *
TOTAL 95.3 86.7(2) 115.6 125.2(2) 76.9 50.1 8Lk.s 57.8
+71.6 +110.8 +93.7 +150.3 +39.7 +37.1 : +32.1 k6.1

- - +
Significant difference from pre--
includes cholic acid 130.5 mg. /!

1)
mm includes cholic acid 162.4 mg./

treatment levels 1m < 0.05, "'p < 0.02, p < 0,01.
100 g. dry faeces in subject D.M.
24 hours in subject D.M. :
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I40L T’ E MEAN PRETREATMENT LEVEL.
" MEAN V.
L 7] ey e peren et
%
ool | [ A
b 110 1 I
[:Te] 3 . 1
ZRRZNL T
so} / T -
? ? g =
| e
o . - / g
WHOLE GROUP 29 GROUP 19.GROUP LATE GROUP
(n=21) (n=10) (naut) (n=10)
Figure 21, The effect of clofibrate on the
daily excretion of faecal bile acids. Results
are plotted as means + sltandard errors, The

number of subjects in each group is given in
parentheses,
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clofibrate (Table XXVI.). The decrease in
bile acid output was more marked in the group
taking 1 g. clofibrate daily, and this group
also showed a significant decrease in daily
bile acid e;;;;tion. When the group takiné
clofibrate 2 g. daily weré analysed separately,
the decrease in faecal bile acid content was
found to be less marked, and not statistically
significant, and no decrease in daily bile acid
excretion was observed.

After one to nine months' clofibrate
therapy, the faecal bile acid content and daily
bile acid excretion remained significantly less
than during the pretreatment period (Table XXVI.).

An alteration in the excretion pattern of
the individual bile acids was seen in ounly one
sample during clofibrate medication, The bile
acid pattern in subject D.M's, pretreatment
faecal specimen (deoxycholic acid 274.8 mg. per
100 g. dry faeces, lithocholic acid 71.1 mg. per

100 g. dry faeces) was similar to that seen in
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the other subjects: after nine to fifteen days!
treatment with clofibrate no lithocholic acid
was detectable, and the specimen contained
cholic acid 130.5 mg. and deoxycholic acid

259.0 mg. per 100 g. dry faeces.

Summary of Results

The administration of clofibrate in a
dosage either of 1 g. or 2 g. daily for nine to
fifteen days reduced sexrum cholestercl and tri-
glyceride levels. The changes which were
observed in faecal output and faecal constituents
differed somewhat in the two dosage groups.

In the group on 1 g. daily, faecal weight,
faecal fat, and faecal neutral steroids were un-
changed, but a significant reduction in faecal
bile acid excretiomn occurred,

In the group on 2 g. daily, there was an
increase in weight of faeces excreted during
the collection period. This was associated
withh small but significant increases in daily

excretion of faecal fat and faecal neutral steroids.
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The daily bile acid excretion showed no
significant change, and the faecal bile acid
content, in fact, tended to decrease.
Analysis of faecal lipids after several
months of clofibrate medication showed con-
tinued reduction of bile écid excretion, and
a slight fall in neutral steroid excretion
significant only in the case of cholesterol.
Values for the individual subjects are
given in the Appendix in Tables XL~-LXXVTI.
c) A comparison of the effects of clofibrate

and L-thyroxine on the sermimm and faecal
lipids in hyvpothyroid subjects

Four hypothyroid sﬁbjects were studied.

Further details are shown in Table XXVII.
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Three (A.G., J.B. and M.M.) were treated
initially with clofibrate 1.5 g. per day for
twelve to eighteen days. At the end of this
period six days without treatment were allowed
to elapse géggre commencing thyroxine therapy
for nine to twelve days. Two of the patients
(AeG. and J.B.) were given L-thyroxine 0.05 mg.
per day and a third (M.M.) was given 0.10 mg,
per day. The fourth patient (L.B.) was treated
only with L-~thyroxine 0.05 mg. per day for five
days and then with 0.10 mg. per day.

The collection of blood and estimations
of serum cholesterol and triglyceride concentra-
tions were carried out as described in the pre-
ceding section. Faecal specimens were collected
and neutral steroid and Dbile acid extracts ob-
tained as described in Part III (p. 87 ).
Neutral steroids and bile acids were measured
according to the method in Part III (p. 97 ).

Faecal fat was estimated by the method of

Harrison (1949).
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Serum lipids

The serum lipid results are shown in
Table XXVIII. In the three subjects treated
with clofibrate, the serum cholesterol levels
decreased.-‘-;;eatment with thyroxine caused
an increase in serum cholesterol in two of the
three subjects previously treated with clofibrate.
The subject given only thyroxine showed a de-
crease in serum cholesterol concentration.

During clofibrate therapy all three showed
decreases in serum triglyceride levels. Treat-
ment with thyroxine produced a marked increase
in serum triglyceride levels in all three sub-
jects. The patient treated with thyroxine

only showed a slight decrease in serum tri-

glyceride levels,
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Faecal Fat and VWeight

There were no significant changes in the
excretion of faecal weight or faecal fat during

treatment with clofibrate.

- ava o

Faecal Neutral Steroids

Faecal neutral steroid excretion rates
are shown in Table XXIX. During treatment
with clofibrate daily faecal neutral steroid
excretion increased in two of the three sub-
jects (M.M. and A.G.) and in all three patients
after thyroxine administration for 12 days.
Faecal neutral steroid excretion increased in
subject L.B. who was treated only with L-

thyroxine.
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Faecal bile acids

As dis dllustrated by Table XXX after 12
days treatment with clofibrate two of the
subjects {(A.G. and J.B.) showed a decrease
in daily faecal bile acid excretion while
during treatment with thyréxine the same two
patients had an increase in daily faecal bile
acid excretion after 12 days. The daily
faecal bile acid excretion of subject L.DB.
also increased after 12 days treatment with

thyroxine but fell to just below the basal

level after 18 days treatment with thyroxine.
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In summary, clofibrate treatment led to
a decrease in serum lipid levels in all three
subjects, an increase in daily faecal neutral
steroids in two of the three subjects and a
decrease in daily faecal bile acid excretion
in two of the three Subjeéts.

Thyroxine treatment led to an increase in
serum cholesterol levels in two of the three
subjects, an increase in serum triglyceride
concentrations in all three subjects, an in-
crease in daily faecal neutral steroid in all

three subjects and an increase in daily faecal

bile acid excretion in two of the three subjects.
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3. The effect of oral calcium on thne excretion
of cholesterol and its metabolites

FMive female and one male subject were
investigated. The main clinical findings

in each patient are given in Table XXXI.



Table XXXTI.

Subject Sex Age

I

it

r

kg
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Clinical and dietary details of subjects

Calcium Intake

g./day

Diagnosis A B c

&L osteoporosis 0.233 1.373 -
73 osteoporosis 0.267 1,407 1.507
65 osteoporosis 0.327 L.467 1.567
70 osteoporosis 0.243 1.383 1.483
69 osteoporosis 0.349 1.489 1.58¢9

1 cerebrovascular 0.733 1.873 -

accident
basal period on diet alone. (3 to 5 weeks).

calcium Aomwowcﬁ glvcero-
tab. 1 t.i.d.

of 1.14 g,
1-5 and calcium Sandoz
m Ar weeks).

substitution of calcium mwwom rophosvhate ‘with
to 1.24 g. of calcium. {4 wecks).

o

studied.

Fat Int
g- \Q
‘A & B c
41,26 -
36.03 36.33
4L, o Lh,3

32.87 33.17

L2,66 42.96
65.9 -
phosphate

to subject

2 2.

terol

Intake

mg. /day

A& B
56.5
82.5

t.i.d.

C

to

skimmed milk equivalent



209,

Patients were admitted to a metabolic
unit and studied under three dietary regimens.
In the first (period A} the calcium intake
ranged from 0.233 g./day to 0.733 g./day, the
fat intake from 32,9 to 65.9 g./day and the
sterol intake ranged from 82.5 to 407 mg./day
with each patient having a fixed intake of
calcium, fat and sterol. EFach patient was in-
vestigated on this basal diet for a period of
four to six weeks, In the second regimen
(period B), the calcium intake was increased
by 1.14 g. in each patient. Calcium glycero-
phosphate was given to patients 1 to 5 and
calcium gluconogalactogluconate was given to
patient 6. This was continued for four weeks.
In the third regimen (period C), the calcium
intake was maintained at this increased level
in patients 2, 3, 4 and 5 by giving 1} pints
6f dried skimmed milk. There were no eqguilibra-
tion periods between dietary regimes. The fat

content of the diet remained unaltered during
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period B, but when the dried skimmed milk was
added, the dietary intake of fat was increased
by 0.3 g./day.

Throughout the period of study, faeces
were collected for 7 day periods and processed
as described in Part III (p., 87 ). Total fat
(acidic and neutral) was measured by the method
of Panton and Marrick (1934). Neutral steroids
and bile acids were determined by the densito-
metry method described in Part III (po 97 ).
Faecal calcium was estimated after ashing by
titrating with EDTA using ammonium purpurate
as an indicator (Nordin and Smith, 1955).
Dietary calcium was estimated on two 24 hour
samples of the diet after ashing (Nordin and
Smith, 1965).

Serum cholesterol (Technicon Autoanalyser
N24P) and serum triglyceride (van Handel and
Zilversmit, 1957) levels were measured twice
weekly on fasting.blood samples.

The significance of changes from mean



basal levels was determined by the Student "tV

test for paired values, The results given in
the tables are the means of the four weekiy

values obtalined during the three regimens,

A A e

Faecal neutral steroids

Faecal neutral steroid excretion data are

shown in Table XXXII.



- mrﬁﬁ.dm%oﬂmw
Table XXXTT. Mean faecal neutral steroid output AEN.\m of QH@W by 1 Hbﬁmv\
and during increase in calcium content |

phosphate (B) and

cday of calcium as calcium glycero- - .
i.24 g./day of calcium as 1% pints of skimmed milk (C). .
a . Coprostanone Total
OWMHWMMQMMP OMMHWMMQWMH mg. /24 hr. mg./24 hr.
LT e/ < . i . T LIER 4 . h e
A B G . 3 c A B C A B c
P IS
. 70.5  107.1 175.2  159.1 70.0  55.1 315.7  321.3
2 71.8 137.2  121.3 180.7  147.5  178.7 t.hoo22.10 2k.3 283.9  306.8  .324.3
2 112.0 162.1 165.5 1746 154.8 166.L 36.3 k3.7 21.0 Mmm.@ 360.6 352.9
L Lo.s 50.5 71.1 208.6 20b.h  201.9 2.0 33.4%  33.4 281.1  288.3  306.%
5 53,2 129.7 86.0 309.1  275.7 312.2 I 19.8  37.7 2B.6 382.1  kh3.1 L26.8
. 12.8 - 0. 281.2 -
6 47.0  48.5 - 313.8  215.9 - % 29-5 3903 29
ean .\ " | ~ ] . anQ naa
(1-6)65.83 wom.mu* 227.00 193.57 36.50 34.13 329.33 333.55
5.:25.86  447.05 £66.61  +ho.Th ﬁhwq.mo +15.13 +k7.16 +60.63

. LR Tl e o . on R
can : *3 29, 54,2 6.8 317. 4g. 52.6
2-5)69.4 © 119.9  1i1.0 . 218.3 195.6  214.8 L 29-9 5 =6 517.5 5R9.T 35
\D.#31.2  +L8.3  xh2e0-  £62.3  £59.1  166.6 x7.0 £9.2  a5.h x47.1 269.6 £53.0

. P . pretreatment level.
Significant difference from mean -



IFFaecal cholesterol increased in each subject.
The average increase for the group being
statistically significant during periods B and
C. In period B, when calcium supplements were
added therg.;;s a steady increase in faecal
cholesterol output during each of the four week-
1y periods from a mean of 80 mg./day to a mean
of 130 mg./day. During period C, when dried
skimmed milk was substituted for calcium glycero-
rhosphate, there was no significant change in
the cholesterol output compared with period B,
though the output remained significantly higher
than that during the control period on the basic
diet.

The output of coprostanol fell significéntly
during period B. '

The faecal output of coprostanone was not
significantly affected by the addition of calcium
glycerophosphate of skimmed milk to the diet.

The total neutral steroid output showed no

change during treatment with calcium glycero-

Phosphate but increased significantly when dried



skimmned milk was Tfed,

Faecal bile acids

Following the addition of calcium glycero=-
phosphate to the diet, there was a significant

increase in the output of deoxycholic acid and

lithocholic acidg. Table XXXITIT.
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o “
b 1

This increase became apparent alter the
end of the first week and continued tharoughout
the period of calcium supplementation,

During period C, when skimmed milk was
substituted for calcium glycerophosphate; the
faccal output of bile acids did not diffex

from that in period B.

Faecal fat, faecal dry weight and faecal calcium

During the period of supplementation of the
diet with calcium glycerophosphate, there was a
significant increase in faecal acid fat, total

fat and faecal dry weight (Table XXXIV.).



Table XXXIV.

Subject

Mean

Mean weight of faecal dry weight, faecal fat and faecal calcium before (A) and after increase

in calcium content of diet by 1.14 g. /day of calcium as calcium glycerophosphate (B)
and 1.24 g. /day of calcium as 13 pints of skimmed milk (C).

Faecal Dry Weight

Faecal Acid Fat

Total Faecal Fat

g./24 hr, g./24 hr. g./24 hr,
A B C A B c A B C
15.5 212 - .55  3.90 - 2.36  4.36 -
14.1 17.3 19.2 1.17 1. 80 2,16 1. 48 2.00 2,50
18. 4 20.4 20.5 1. 08 1.64 1. 57 1.65 2.11 2.20
14. 0 20.8 17.8 2,25 4,02 2.54 4,41 7.44 3.79
13.6 19. 8 ,NN.w 0.79 129 1.27 1. 30 1. 99 2,05
17.1 19.6 - 1,91 3.04 - 2.67 4,22 -
15.45 19.85% .46 2.62 % 2.31  3.69"
..ml.u.. 94 1,39 +0.55 11.20 H.15 +£2.15
15.0 19.6 19.9 % L32 2.19 1.90% 2,21 3.39 2.64
HN.w Hw_..w 12.2 +0.64 +1.2 £0,.54 |HH. 44 +2.7 +0.77
* p < 0.05
+ p < 0.02
#kp < 0.01 Significant difference from mean pretreatment level.

®Ekp L 0,001

Faecal Calcium

mg. /24 hr.

A B C
197.0 1201.8 -
237.4 1180.0 1084.0
217.3 1160.0 1083.3
213.2 1136.8 1150.3
260,6 1182.0 1286.3

ek

225,1 1172.1

124.5 124.7

ale sl ote
stk

232.1 1164.7 1151.0

+21.9 2.1 +95.3
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With the additvion of calcium glyceropznosphate
there was also a marited increase in the Taecal
calcium which reached a maximum in the second
week and thereafter remained at this level.

The substitution of dried skimmed milk did
not affect the faecal fat,‘dry weilght or calcium
when compared with period B. The faecal dry
welght and calcium remained significantly above
the level of excretion during the period on the
basic diet.

The patients did not complain of any gastro-
intestinal symptoms, such as dilarrhoea, during

the experimental period.

Serum lipids

The results are shown in Figure 22, and Table

XXXV,
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Figure 22, ‘Change in serum cholesterol and

serum triglyceride levels during calcium
supplementation.
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The serum.cholesterol and serum trigly-
ceride levels tended to fall during period B
but the decrease was not significant. The
fall was not evident until the second week
and was gféd%gst during the 3rd and 4th weeks.
This pattern was similar to the changes observed
in faecal excretion (Figure 23). Following the
addition of fthe dried skimmed milk, which in-
creased the daily fat intake by 0.3 g. there
was a rise in the serum cholesterol level to
above the basal levels, and an even greater
rise in the sexum triglyceride though again

these changes were not significant,.

Body Weight

A small decrease in weight occurred in all
cases. The mean weight loss during the whole
experiment (12 weeks) was 1.6 + 1.2 Kg. The
weight changes during periods A and B were
similar while that in period C was of smaller
magnitude. The weight loss cannot be attributed

to the introduction of calcium into the diet
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Pigure 23. Changes in faecal cholesterol,
bile acids, fat and calcium during first
four weeks of calcium supplementation.
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because it was also evident during the basal

period.
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L, Dietary cholesterol; its effect on
serum linids and faecal excretion
of neutral steroids and bilc acids

One subject only was studied, who received
a diet low in cholesterol conteat (129 mg./day

* A aema

of cholesterol) and essentiélly free of plant
sterols for fourteen days; Fasting blood
samples were taken twice weekly for four weeks
prior to the start of the low cholesterol diet
and three times a week during the 14 days of
this experimental period,. Faecal specimens
were obtained in five day collections during
the four weeks basal period and a six day
collection was obtained during the last six
days of the low cholesverol diet,

The hipgh cholesterol diet (2.058 g./day
of cholesterol in the form of eggs, cheese and
cream) was begun after the low cholesterol diet
and was again essentially free from plant
sterols, The dietary period was fourteen days.
Fasting blood samples foxr serum iipid estima-

tions were obtained fthrice weekly throughout



the fourteen days and a Taecal collection was
obtained during the {final six days of the high
cholesterol diect.

The basal diet (0.374 mg./day of cholesterol)
was the subjects normal home diet and the
cholesterol content was oEtained from a diet
history.,

The collecting;drying and extracting of
faeces was carried out as described in Part 1II
(p, 87 ). Faecal neutral steroids and faecal
bile acids were measured by the densitometry
method described in Paxrt IIX (p, o7 ). Serum
cholesterol was measureé by the Technicon
Autoanalyser (N.24P) and serum triglyceride
by the van Handel and Zilversmit (1957)
technique.

The serum lipid results are shown in

Table XXXVI.
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Serum cholesterol levels showed a siight
decrease from the basal levels during the low
cholestexrol diet, During the liigh cholesterol

diet however, thecre was an increase of 43 mg.%

over the low cholesterol diet and an increase of
29 mg.% over the basal level.

Serum triglvceride levels increased from
the basal level during the low cholesterocl
diet and increased even more during the higl
cholesterol diet.

The daily excretion of faecal neutral
steroids and bile acids are shown in Table

.

XXXVITI and XXXVIII,
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During the low cholesterol diet, a marked
decrease in total neutral steroid excretion and
total bile acid excretion was observed. No
coprostanol or coprostanone were detected in
the neutral steroid fraction. A considexrabie
amount of cholic acid was.excreted with no
apparent excretion of lithocholic acid during
this period.

During the high cholesterol diet, only
cholesterol was detected in the neutral steroid
fraction,. Cholic acid was the major faecal
bile acid excreted and again no lithocholic
acid was detected,

The sterol balance of the patient during

the three dietary periods is shown in Tablc

XXXIX.
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Table XXXTX. The effect of dietary cholesterol
on the sterol balance.

Diet Sterol Steroid Output Output-
Intake Neutral + Acidic Intake
mg./24 hr, me. /24 hr,
Basal 374.0 961.9 +587.9
Low 129.0 3hh 4 +215. 4
High 2058.0 1797.4 -260.6

Prom these results 1t appears that the
subject was excreting more steroid than was
ingested during the basal and low cholesterol
diet whereas during the high cholesterol diet

the converse occurred.
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DISCUSSION

In all of the investigations except one
the number of subjects studied was small and
only tentative conclusions can therefore be
drawn from the results., This is espceccially
true of the‘cholesterol—féeding experiment in
which only one subject was studied. However,
the experiments illustrate several of the
steps in the two main pathways of cholesterol
excretion, i.e. excretion in bile as bile acid
conjugates and in faeces as neutral steroids and
bLile acids, which if altered may cause changes

in serum cholesterol concentrations.

1. The effect of feeding taurine

The results show that the proportion of
bile acids conjugated with taurine in human bile
can readily be increased by feeding l.5 g. taurine
per day. This is in agreement with the finding
of Sjdvall (1959). Taurine feeding for 10 to
15 days at this level, however, produced no
effect on serum cholesterol concentrations, a

result which is in keeping with incidental
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observations by two other groups. Failey et al.
(1962) mentioned that in preliminary studies,
feeding taurine as a dietary supplement to man
appeared to have no effect on the serum
cholesterol concentration while Hellstrom and
Sjovall (1961) showed that although the G/T
ratio fell serum cholesterol continued to rise
in a similar experiment in which a patient with
mild hypothyroidism was given 3 g. taurine per
day for two months.

Amongst mammals two groups may therefore
be distinguished. The first, represented by
man and the rabbit, in which taurine has no
effect on serum cholesterol levels and the
second, including rats, mice and monkeys in
which taurine produces a distinct effect. it
is of some interest that the former conjugate
their biliary bile acids mainly with glycine
and the latter with taurine.

2. The effect of clofibrate

a) On biliary bile acids and serum cholesterol
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The mean change in the glycine/taurine
ratio during clofibrate treatment was small
(-0.4) and insignificant. The changes in
individual subjects between contirol and treat-
ment periods were of the same order as varia-
tions found by Sjavall (1960) between repeat
bile collections in healthy men. There was
no change of G/T ratio in the two patients
under metabolic ward conditions and the small
changes in the three out-patients could have
resulted from variations in dietary taurine
as shown in the preceding section and by
sjovall (1959).

The number of patients studied was not
large enough to permit detection of small
changes in the G/T ratio, but it seems likely
that clofibrate does not produce major changes
in the conjugation pattern of biliary bile acids,
This is in contrast to hypothyroid patients
treated with thyroid hormone.,. The mean de-~-

creases in the G/T ratios of these subjects
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reported by Hellstrom and Sjovall (1961) and
Hellstrom and Lindstedt (1964) were 5.4 and
L .3 respectively.

It is of dnterest that in the five sub-
jects treated with clofibrate (p, 168 ) there
appears to be a relationéhip between the serum
cholesterol concentration and the G/T ratio.
However when additional data from the section
on taurine feeding is considered then the
relationship no longer holds (r = -0.15).
Thie serum cholesterol levels and G/T ratios
of a group of nine hypothyroid subjects
(Hellstrom and Lindstedt, 1964) before and
after treatment with thyroid hormone wexre also
analysed but again there was no correlation
between the concentration of the serum cholesterol
and the G/T ratio. (untreated r = 0.015,
treated r = 0.406).,

There did not appear to be any change in

the proportions of the bile acids during

clofibrate therapy.
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Thorp (1963) has suggested, among other
possibilities, that clofibrate might act by
displacing thyroxine from its binding by plasma
albumin resulting in increased free tunyroxine
in the liver. _hi;‘this is the mechanism that
lowers plasma cholesterol during clofibrate
treatment one might expect a reduction in the
glycine/taurine conjugation ratio of biliary
bile acids because large reductions have
occurred conéistently'when hypothyroid patients
were treated with thyroid hormones (Hellstrom
and Sjovall, 1961; Hellstrom and Lindstedt,
1964) . The finding that clofibrate produces
no significant change in the G/T conjugatioﬁ
ratio is suggestive evidence against the
thyroxine mechanism. It cannot, however, be
considered conclusive because the patients in
this study were euthyroid and it is not known
at present what effect thyroxine has on the G/T
conjugation ratio in euthyroid human subjects.

Furthermore a true dissociation between the
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cholesterol lowering and G/T conjugation
effects of clofibrate has not been demonstrated
because the cholesterol chaﬁges were not
statistically significant.

b) The offect of clofibrate on serum and
faecal lipids

Changes in plasma lipnids with clofibrate

Clofibrate reduced serum cholesterol and
triglyceride in the majority of the subjects
(p. 178). The ability of the drug to lower
the serwum levels of both cholesterol and tri-
glyceride is now well established (Acheson
and Hutchinson, 1963; Berkowitz, 1963(a);
Green et al. 1963; 01iver, 1963).  As noted
in the present series, the hypolipidaemic effect
off clofibrate occurred within one to two weeks
of treatment (Carlson et al. 1963; Denborough,
1963) although in some cases the maximum effect
may not be attained for several months (Laubinger,
1964). The observation that the greatest fall

in cholesterol occurs in those patients with

.the highest pretreatment levels has also been
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made by Counihan and Keelan (1963). Similarly,
dietary treatment, d-thyroxine, and clofibrate
were all found to depress the serum cholesterol
in proportion to its initial level (Hansen, 1963).
It has been‘;;;ted by some workers (Hellman et al.
1963) that females show a greater reduction in
serum cholesterol levels than males in response

to clofibrate medication, while others (Acheson
and Hutchinson, 1963; Green et al. 1963;

Knuchel, 1964) have observed no sex differences
in the magnitude of fall in serum cholesterol.

The greater response shown by the females in

the present series may be due to the fact that
they had a greater proportion of high pretreat-
ment serum cholesterol levels than the males.

In contrast to the findings of Oliver (1962)

it was found that a daily dose of 1 g. clofibrate
was sufficient to produce a hypolipidaemic effect
over a two-week period. The fall in sexrum
cholesterol and triglyceride in the group taking

1 g. clofibrate daily was, in fact, larger than
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that obtained in the group given clofibrate
in an initial dosage of 2 g, daily. This
observation also is probably due to the higher
pretreatment serum lipid levels in the small
dosage groéé:‘g

After several months of clofibrate treat-
ment most of the 10 subjects had maintained
serum cholesterol and triglyceride levels below
the pretreatment values. The large increase,
after a transient fall, in the already elevated
triglyceride in subject J.P. is unexplained,
although substantial increases in serum trie-
glyceride levels during treatment with clofibrate
have been reported in a minority of subjects
by other authors (Oliver, 1963; Fasoli and
Cesana, 1963; Cramér, 1963). The increase
in serum triglyceride level in this patient was
not associated with factors previously shown
to cause elevation in this wvalue such as weight
gain (Albrink et al. 1962), or changes in

dietary intake of fat (Antonis and Bersohn,
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1961) or carbohydrate (Ahrens et al. 1961).

Changes in faecal excretion

The increase in numnber of stools passed
during the first week of clofibrate medication
was presumabl;#a side—-effect of the drug, which
appeared to be mild and transient when a small
initial dose of clofibrate was used. In the
higher dosage group the effect was of longer
duration, and was reflected in the increased
weight of faeces excreted after nine to fifteen
days of clofibrate therapy. One\of the sub-
JjJects reported mild diarrhoea after commencement
of clofibrate (2 g. dailf), and other workers
(Oliver, 1963; Prior and Campbell, 1963) have
noted that diarrhoea oxr intestinal hurry might
occur when clofibrate was given in an initial
dosage of 2 g, to 3 g. daily. There was no
evidence ¢of steatorrhoea during treatment.

The small dincrease in daily faecal fat excretion
is well within the normal range, and is »probably

the result of intestinal hurry in the subjects
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on the larger dose. This is in accord with

the finding that reduction ofserum lipids

during treatment with a combination of clofibrate
and androsterone is not associated with
steatorrho;;";£en cholesterol is lowered by

means of a bile~sequestering resin (Berkowitz,
1963(b).

A change in the pattern of excretion of
faecal neutral steroids and bile acids occurred
only in subject D.M. This subject, in whom
clofibrate caused mild diarrhoea, also showed
increases in weight of faeces excreted and in
daily fat excretion which were greater than those
seen in the other subjects. The increased pro-
portion of cholesterol and the presence of
cholic acid both reflect diminished bacterial
degradation of these compounds, and are presumably

the result of intestinal hurry in this subject.

Mechanism of serum lipid changes

A reduction in serum cholesterol level

following clofibrate therapy might, in theory,
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be achieved by several means; firstly, by
increased excretion of cholesterol into the
gastro-intestinal tract via éhe liver and bile
and secondly, by reduced absorption of
cholesterol from the gastro-intestinal tract,
Both these effects would be manifested by in~-
creased excretion of neutral steroids in the
faeces. A third possibility is dincreased
degradation in the liver of cholesterocl to bile
acids, which would result in increased faecal
bile acid excretion. Fourthly, the synthesis
of cholesterol in the liver and gastro-intestinal
tract might be diminished by clofibrate. In
such an event the excretion of cholesterol and
bile acids into the gastro-intestinal traét
would tend fto fall, resulting in decreased
faecal excretion of neutral steroids and bile
acids.

In the low-dosage group, the marked fall
in serum lipids was accompanied by a significant

reduction in faecal bile acids, and a similar,
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though smaller, change in faecal neutral
steroids., These rTesults are_compatible with
the last-mentioned mechanism; namely, a de-—
creased rate of cholesterol synthesis reflected
in diminishgamgaecal excretion of cholesterol
and its end-products. After several months

of clofibrate therapy, the faecal excretion

of bile acids and, to a lesser degree,; neutral
steroids was still lowexr than in the pretreatment
period, suggesting that this mechanism continues
to operate. In the high-dosage group however,
these faecal lipid changes were partly obscured
by increased faecal 1lipid output resulting from
intestinal hurry. The fact that the serum
lipid changes in this group were smaller than
those in the low-dosage group confirms that the
increased faecal 1lipid output in the high-~dosage
group was not causally related to the fall in
serum lipids whichloccurred at the same time..

The suggestion that the fall in serum lipid

levels and in faecal lipid output both result
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from diminished lipid synthesis is further
supported by the observation that subjects
with the largest fall in serun cholesterol

tended to show the greater reduction in faecal

- A -

neutral steroid output.

Any theoxry of the mechanism of action of
clofibrate must account for the fact that it
reduces the serum levels of both cholesterol
and triglyceride. One explanation which has
been advanced is that binding of clofibrate
to the plasma albumen reduces its affinity for
other acids, including thyroxine and non-
esterified fatty acids (Thorp, 1963). This
is said to result in a preferential localisation
in the liver of thyroxine and its active meta-
bolites, which in turn leads to décreased
hepatic synthesis of cholesterol and triglyceride,
while decreased peripheral availability of
thyroxine redgces lipolysis in adipose tissue.
However, a study of bile acid conjugates before

and during clofibrate therapy did not confirm
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an increased thyroid-like activity, in that

the characteristic change in the glycine;
taurine ratio did not occur (Part IV, p. 168).
Moreover clofibrate administration was found

by Danowski and Alley (1967) to reduce
cholesterol and triglyceride levels in a sub-
ject with complete primary myxoedema, indicating
that availability of thyroid hormone is not
essential for the hypolipidaemic effect of
clofibrate,

Althbugh these findings suggest that
clofibrate does not exert its hypolipidaewmic
action in the manner deséribed above, there is
some evidence that it reduces lipid synthesis
in the liver. A diminished hepatic content
of cholesterol and triglyceride has been found
in rats given clofibrate {Azarnoff et al. 1965),
Further animal studies have indicated that
clofibrate inhibits cholesterol biosynthesis

at some stage prior to the formation of meva-

lonate (Azarnoff et al. 1965; Avoy et al.
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1965). It has been established that there
is no accumulation in the plasma of humans of
cholesterol precursors such as desmosterol,
which would indicate a block in the final
stage of cholesterol synthesis. Other in-—
vestigations have produced, in studies of
serum lipoproteins, indirect evidence of in-

hibition of synthesis of triglyceride (Halton

l. 1963) and of the very-low-density lipo-

et
proteins which transpoxrt triglyceride (Strisower
et al. 1965), While the experimental observa-
tions in the present study can provide no

direct evidence for or aéainst these theories,
the findings of diminished faecal output of

bile acids and neutral steroids during clofibrate
medication indicate diminished excretion and
catabolism of cholesterol; possibly resulting
from diminished cholesterol synthesis,.

c) A comparison of the effect of clofibrate

and L-thyroxine on serum and faecal
lipids in hvpothyroid subjects.
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A decrease was observed in serum
cholestexrol levels in all three subjects on
clofibrate within 12 days of treatment. The
lowering o? serum cholesterol by clofibrate
in euthyroid patients is well known (see
previous section), but there have been re-
latively few reports of its effect on hypo-
thyroid subjects. Harrison and Harden (1966)
failed to detect any lowering of serum cholesterol
after three weeks treatment with clofibrate in
two subjects with gross myxoedema although
Danowski and Alley (1967) observed a marked
decrease in serxrum cholesferol in one woman with
primary myxoedema after treatment with clofibrate.

PDuring thyroxine treatment, serum
cholesterol levels tended to increase above
pretreatment level in the three subjects
treated initially with clofibrate.

In contrast to these findings, the subject
L.B., who was treated only with L-~thyroxine

showed a decrease in serum cholesterol levels,
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a finding also reported by Malmros and Swahn
(1953) and Boyd and Oliver (1960). However,
it may be that in the present study the serum

cholesterol concentrations of the thiree sub-

jects treated initially with clofibrate had
been lowered to such an extent that the sub-
sequent effect of thyroxine was less apparent.

Serum triglyceride

The decrease in serum triglyceride con-
centrations observed in all three subjects
during treatment ﬁith clofivbrate is in agree-
ment Danowski and Alley (1967). During
thyroxine therapy however, serum triglyceride
levels dincreased markedly in these three
subJjects. |

The serum triglyceride level in subject
L.B. showed little change during treatment with
L-thyroxine. A similar situation had been
observed earlier by Best and Duncan (1964,
1966) in euthyroid subjects given D=-thyroxine.

Feldman and Carter (1963) however had observed
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falls of 24 to 48% in fourrhypothyroid subjects
during treatment with this compound, ‘Their
basal values ranged from 366 to 515 mg./100 wml.
serum which are much higher than the basal
values of the subjects in this repoxrt,

The finding by Strisoﬁer and Strisower
(1964) that D-thyroxine lowers principally
the SfOO—EO lipoprotein class whereas clofibrate
lowers principally the S£°20-400 class, the
triglyceride carrying lipoprotein, together
with the relatively low basal triglyceride
level might explain the failure of L-thyroxine
to lower serum triglyceride levels,

FProm the serum lipid results, especially
the serum triglyceride wvalues, it appears that
clofibrate is a more efficient hypolipidaemic
agent than L-thyroxine and that the mechanism
of action of clofibrate does not depend on the
presence of thyroxine. This is especially
borne out by the results in subjects A.G. and

J.B. whose protein bound iodine concentrations
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were < 1.0 upg.% and 1.0 ug.% respectively.

Faecal neutral steroids and bile acids

Treatment with clofibrate showed no con-
sistent effect on the excretion of faecal neutral
steroids but the tendency for the bile acid
excretion to decrease was similar to that ob-
served in euthyroid subjects (see previous
section).

The increase in faecal neutral steroid and
bile acid excretion during thyroxine therapy,
also reported by Weiss and Marx (1955) and
Kritchevsky (1960}, suggests that thyroxine
increases the catabolism and excretion of
cholesterol,

It therefore appears that the mechanisms
of action of clofibrate and thyroxine in
lowering serum cholesterol levels are different.
Clofibrate decreases the faecal excretion of
neutral steroids and bile écids (Part IV)
whereas the results of this study and of other

workers indicate that thyroxine increases the
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excretion of mneutral steroids and bile acids.
Unlike thyroxine, clofibrate has no effect on
the glycine to taurine ratio of biliary bile
acids (Part IV). Other workers have suggested
that clofibrate decreases the hepatic synthesis
of cholesterol (Azarnoff éﬁ al. 1965; Avoy

t al, 1965). Thyroxine on the other hand

—— Vomtre—

has been shown to increase cholesterol syn-

thesis {Rosenman et al. 1952).

— S——

The effect of oral calcium on cholesterol
metabolism

Three main changes in faecal lipid excretion
occurred during increased calcium intake.
Faecal cholestercl excretion increased sig-
nificantly during calcium glycerophosphate
administration and was accompanied by a
significant decrease in coprostanol excretion.
Total neutral steroid output therefore remained
constant. When the skimmed milk diet was
substituted for calcium glycerophosphate, faecal
cholesterol remained elevated while coprostanol

excretion increased, causing a significant
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increase in the excretion rate of total neutral
steroids,

Faecal bile acid excretion increased
during calqium supplementation attaining
statistical significance during calcium glycero-
phosphate treatment.

The following mechanismsmay be involved in
these changes:-—

a) The increase in cholesterol excretion follow-
ing calcium glycerophosphate may result from an
inhibition of coprostanol formation rather than
an increased output of endogenous cholesterol.
This is based on the finding that €ota1 neutral
steroid excretion remained unchanged,

b) The significant increase in total neutral
steroid excretion on the skimmed milk diet may
on the othgr hand have resulted from an increase
in endogenous cholesterol output during this
period.

c) The increasc in faecal bile acids during

both calcium supplementation periods is probably
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due to the formation of insoluble calcium

salts of bile acids rendering  them less readily
reabsorbed.

d) The formation of these insoluble bile salts
would then also cause an increase in neutral steroid

excretion, as soluble bile salts are necessary

for optimal cholesterol absorption. (Siperstein
et al. 1952).
e) The presence of increased amounts of bile

acids in the colon might also inhibit coprostanol
formation as has been demonstrated in rats. (Wells,
1957).
f) Reduction in the efficiency of bile salt
reabsorption has been shown to increase cholesterol
turnover and also cholesterol and bile acid out=-
put. (Bergstrdm and Danielsson, 1958).

The sixX effects listed above may be
interrelated in the following way.

Calcium, in the organic forms tested,
reacts with bile acids to form insoluble salts

which are less easily absorbed than those bile salts



253 .

normally present in the intestine. Total bile
acid excretion is therefore increased, There are
then two secondary effects; firstly, on the
bacterial conversion of cholesterol resulting

in a decregs;min coprostanol formation, and
secondly, on the absorptibn of cholesterol
resulting in an increased excretion of endogenocus
cholesterol.

The increase in faecal fat observed during
calcium supplementation can also be explained,
partly by a reduction in the availability of
bile acids but mainly by the formation of calcium
salts of fatty acids. ‘This increase in faecal
fat excretion together with the increase in
faecal dry weight has been previously reported
by Yacowitz et al. (1965).

The changes in serum cholesterol and tri-
glyceride levels were not significant. While
the concentration of each compound fell towards
the end of the calcium glycerophosphate period,

they rose again following the introduction of
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skimmed milk. The form in which the calcium
is given therefore appears to influence its
effect on serum cholesterol and triglyceride.
In this case, the small rise in fat and carbo-
hydrate intake due to the skimmed milk may

have been responsible for.the differences,

The interval of two weeks between commencement
of calcium glycerophosphate and its maximum
effect on serum lipids was the same as that

for the excretion of faecal lipids (see Figures
22, 23 ). These results are contrary to the
findings of Yacowitz et al. (1965) who gave
approximately two and a half times as much
calcium and observed a decrease in serum lipid
levels after four days. More recently Maibach
(1967) found after four weeks of oral calcium
(1.5 g. per day) that serum cholesterol levels
were not significantly decreased. He also
found no significant change in serum beta-lipo-
proteins or total lipid levels.

The lack of effect of an increased excretion
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rate on serum cholestercl concentration may

have been due to the dose of calcium administered,
which was lower than in other reported studies,

or it may have been due to an increased
cholesteroi~s;;thesis resulting from the mal-
absorption of the bile acids.

The amount of calcium administered in the
present study was far greater than that normally
obtained even in the hardest water, and it
is difficult to believe that the lower cardio-
vascular mortality in hard water areas could be
due to the reported serum cholesterol lowering
effect of calcium.

However, there does appear to be a "water
factor" influencing cardiovascular mortality.

In Japan (Kobayashi, 1957), United States
(Schroeder, 1960), Great Britain (Morris et al.
1961) and Sweden (BiSrck et al. 1965) associa-
tions have now been shown between local drinking
water and cardiovascular disease: the softer

the water the higher the mortality.
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Studies concerning the constituents of
water and cardiovascular disease by Morris et al.
(1962) showed that only the calcium content
correlated with cardiovascular discease, Parsons

. A een

et al, (1961) in Tasmania observed marked clinical
improvement in patients with coronary artery
disease when treated with magnesium sulphate
but whethexr this is due to increased magnesium
or sulphate (Schroeder (1560) showed a correlation
between various anions such as sulphate, bi-
carbonate and fluoride in water and deaths from
cardiovascular disease)) is not known.

More recently, Crawford and Crawford (1967)
suggested that the higher incidence of deaths
from cardiovascular disease in the soft water
areas might be due to increased susceptibility
of the myocardium in the soft water area. They
studied cardiac lesions found in a very soft
water area (Glasgow) and in a very hard water

area (London) in two comparable series of medico-

legal autopsies; men who had died from an
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accident and men who had died suddenly and un-
expectedly from ischaemic heart disease. In
the accident series the prevalence of myocardial
scars (healed infarcts) was greater in the soft
than in the hard water area. An important
finding was that there waé more atheroma and
moxre lumen stenosis in the soft water area at
ages 30-40 years but there was no difference
between the two areas at ages 45-69 years, only
"old occlusion" was commoner in the Glasgow area.
From their results it appears that there is
initially a more rapid development of cardio-
vascular disease in the soft water area but as
time passes the development of the disease in
the hard water area progresses until in the
older age group there is no difference between
the two areas.

The results of this study show that calcium,
when taken as calcium glycerophosphate, increases

faecal bile acid excretion, faecal fat and faecal

cholesterol excretion but total neutral steroid
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excretion remains unchanged. It appears there-
fore that in this form, calcium inhibits the
formation of coprostanol without affecting
cholesterol absorption. However, when taken

as skimmed milk, total neutral steroid excretion
increased as did faecal bile acid and faecal

fat excretion suggesting that cholesterol ab-
sorption was inhibited. Although it appears
that calcium has a similar effect on bile acid
excretion as cholestyramine, é bile acid binding
resin (Bergen et al. 1959), it is not so efficient
as cholestyramine in lowering serum cholesterol
levels, From these reéults it appears doubtful
that oral calcium supplements can be recommended
as a means of reducing serum cholesterol con-
centrations.

The effect of oral cholesterol on serum
cholesterol concentrations

The slight decrease in serum cholesterol
level during the low cholesterol diet, in the
single patient studied, is in agreement with

the findings of Keys et al. (1965) that
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decreasing the cholesterol content of the diet
has little effect on serum chplesterol con-
centrations. The increase in serum triglyceride
during this period may have been due to the
increased é;;;;hydrate and reduced Tat intake
which occurred during this dietary period (&hrens
et al. 1961). Serum cholesterol changes ob-
served during the high cholesterol diet are also
in agreement with those previously reported by
Connor et al., (1960, 1964) but are at variance
with the findings of Bhattathiry and Siperstein
(1963). However, these workers obtained their
serum cholesterol values after the subject had
been on the diet for only 3 days and the slight
increase in serum triglyceride levels reported
may have been due to the increased dietary
intake of fat.

The marked decrease in daily excretion of
faecal neutral steroids was probably due in

part to the decreased amount of dietary cholesterol

and in part, to the effect this decreased dietary
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cholestercl has on cholesterol metabolism,.

The decrease in excretion of faecal bile
acids suggests that there is either a diminished
secretion of bile acids into the gastrointestinal
tract or an increased absorption of bile acids
from the intestine. As bile acid absorption
is normally wvery efficient, the former suggestion
is more likely.

During the high cholesterol diet there will
be an excess of cholesterol available for ab-
sorption. At present, there are two conflicting
theories to account foxr the way in which man
prevents hypercholesterélaemia of dietary origin
from occurring. One of these is the negative
feedback mechanism (Bhattathiry aﬁd Siperstein,
1963). This would result in a decrease in
cholesterol synthesis and would be accompanied
by an increase in bile acid formation, These
two processes would operate in an attempt to

maintain the amount of cholesterol being secreted

from the liver at the basal level. The other
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mechanism is that the human intestine has a
limited capacity to absorb cholesterol (Karvinen
et al. 1957, Kaplan et al. 1963, Taylor et al.
1965 and Taylor and Ho, 1967). If this were
the mechanism, then a marked increase in faecal
neutral steroid excretion.with no change in
faecal bile acid excretion would be observed.

The slight increase in daily faecal
neutral steroid excretion and the marked in-
crease in faecal bile excretion in the subject
described here suggests that it is the negative
feedback mechanism which operates during diets
rich in cholesterol. This is further supported
by the finding that during the high cholesterol
diet less steroid was excreted than ingested
whereas on the low cholesterocl diet the converse
took place.

It would'appear therefore that dietary
cholesterol has a controlling effect on cholesterol
metabolism, It must be re-emphasised, however,

that no firm conclusions can be drawn because of
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the paucity of data available from the present
study.

General discussion

From the results of these investigations
it would apgg;r that the most effective means
of lowering serum cholesterol levels is by
inhibiting the synthesis of cholesterol prior
to the cyclisation step.

Decreasing the dietary intake of cholesterol
had no appreciable effect on the serum cholesterol
level although this increased when the dietary
intake of cholesterol was increased. The in-
vestigation did show ho&ever, that the negative
feedback mechanism may be a controlling factor
in regulating hypercholesterolaemia of dietary
origin. The marked increase in faecal bile
acid excretion during calcium administration
appeared to influence the faecal excretion of
neutral steroids without having a significant
effect on the serum cholesterol level. An
effect similar to that produced by cholesty-

ramine = increased faecal bile acid excretion
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accompanied by a decrease in serum cholesterol
level -~ was anticipated but it may have been
that the dose of calcium given was insufficient
to promote an increase in faecal bile acid
excretion é;gg;cient to overcome the elffect

of the resulting increase in cholesterol Syn-—
thesis. From these two investigations it
appears that alteration of cholesterol intake
or output is not a very effective means of
lowering serum cholesterol levels,

Another major route of cholesterol loss
from the body is the conversion of cholesterol
to bile acids in the liver, Alteraticn of the
glycine/taurine ratio of the conjugated bile
acids appeared to be a mechanism whereby serum
cholesterol levels could be lowered. However,
the alteration of the glycine/taurine ratio by
feeding taurine was ineffective and suggests
that the increased taurine conjugation of bile

acids which accompanies the lowering of serum

cholesterol in hypothyroid subjects after



treatment with thyroid hormones is probably
an epiphenomenon. This is further supported
by the finding that the bile acid conjugation
ratio was unaltered by administration of
clofibratéké;;n although'serum cholesterol
levels decreased.

The mechanism of action of clofibrate has
not been completely elucidated. It has been
suggested that cholesterol synthesis is in-
hibited by clofibrate and the study of the
faecal excretion of neutral steroids and bile
acids (Part IV, p, 174 ) appears to support
this theory. Clofibrate was originally
thought to act by causing an increase of thyroxine
in the liver (see Part IB, p, 59 ) which resulted
in diminished synthesis of cholesterol and tri-
glyceride. From the three investigations in-
volving clofibrate and from the suggested
mechanism of action of thyroid hormonecs on

cholesterol metabolism (see Part IB, p. 56 )

it seems doubtful whether the availability of
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thyroid hormone is necessary for the serum
cholesterol lowering effect of clofibrate.

From a technical standpoint these in-
vestigations also show the effcctiveness of thin-
layer chro%gggéraphy in lipid analysis. The
quantitative densitometry %echnique is a
particularly useful analytical tool and could
be well employed in investigations of wvarious

diseases, such as diabetes mellitus, in which

there is a disorder of lipid metabolism.
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INDEX TO TABLES

Tables XL - XLIX give the results of the effect

of clofibrate administration (l.O g. daily for
9 - 15 daféfman the serum and faecal lipids in
11 subgjects.

Tables L - LIX give the results of the effect
of clofibrate administration (2.0 g. daily for
9 - 15 days) on the serum and faecal lipids in
10 subjects.

Tables LX - LXVI give the results of the effect

of clofibrate administration (2.0 g. daily or
1.0 g. daily for 9 - 15-days) in the group of
21 subjects.

Tables LXVII -~ LXXVI give the results of pro-

longed administration of clofibrate (1.5 e
daily or 2,0 g. daily for 1 - 9 months) on the

serum and faecal lipids in 10 subjects.
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Table XLVL., The effect of clofibrate 1 g,
daily for 9 - 15 days.

TOTAL BILE ACIDS
mg./100 g. dry faeces mg. /24 hr.

<o

Subject Initizl level Change Initial level Change

J.P. 334 .4 -38 .4 54 b +12.7
W.B. 148.,6 -25.3 T4.8 ~19.3
J.E. 0 +82.6 0 +25.2
J.G. 735.5 -175.,1 137.3 +11.3
M.M. 303.1 -223.0 ol .9 -81.7
J. McA. 1039.0 ~530.2 128.8 -57.1
F.R. L3k, 1 +35.0 74,7 -50.1
ALK, hr6.4 ~175.6 54.0 -18.2
M. McD. 2747 -i94.3 h1i.9 ~-13.9
M. W, 504 . 4 ~-242,1 107.1 -56.8
J.M. 384.3 -70.4 775 ~29.4
Mean 421.3 —141.1" 76.9 —25.2"

S.D. +283.6 p < 0.05 +39.7 n < 0.05
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Combined resulté of the two prouvs treated
with clofibrate, 1 g. or 2 g, daily for
9 = 15 days

Table LXV.

i NUMBER OF STOOLS/DAY

Subject Mean basal Change in Change in
level 1st 7 days 2nd 7 days
T.M. 0.60 +0.40 -0.18
J.D. 0.60 +0.54 ’ +0.65
J.H. 0.80 +0. 34 +0.05
AW, 0.60 +0.25 +0,40
R.M. 1.00 o} -0 34
E.D. 0.60 -0.03 -0,18
A.C. 0.80 -0.09 ~0.09
M.R. 1.00 ~0.,29 ~0.50
W.B. 1.25 © +0.03 ~0.25
AK. 040 +0.45 +0.U5
M. McD. 0.80 +0.05 -0.,09
M.M. 0.60 ~0.03 +0.06
J.P. 0.80 -0.09 +0.48
M.W. 1.00 0 +0,28
J.G. 0.80 +0. 34 -0.20
J. McA. 0.67 +0. 47 -0.07
F.R. 1.00 +0.14 0
J.M. 0.60 +0., 54 +0.97
Mean 0.77 +0.1687 +0.,08

S.D. i0021 p < 0.02 NOS'
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