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ABSTRACT

“abbits fed low-fat, cholestersl-free, semi-
puriied diets coantaining casein becose hrpercholestero-
lemic, whereas rabbits whose dietary casein has heen
replaced by soy proteia, maintain low levels of plasaa
cholesterol. Fxperiments <ere carried out in atteapt %o
further understand this phenomenon.

Time course studi2s showed that on being
transferred from a Chow diet, plasma cholestero?! levels
increased markedly in casein-fed rabbits. The increase was
particuiarly prorinent in the LDL fraction. The iacreases
in LDL cholesterul and protein were appreciabie in the
first two weeks. Subhsequently LDL cholesterol inc.eased
aore slowly, and LDL protein levels held steady. These
fncreases in LDL preceeded increases in VLDL (and HDL). 1In
contrast rabbits transferred to soy protein maintained low
levels of plasma cholesterol throughout the s-udvy.

To ascertain {f the 2levation in LDL ¢n
casein-fed rabbits resulrted from increased production
and/or decreasad catabolism of these particles, tracer
kinetic studies were carried out. Since LDOL is the
catabclic product of VLDL, dual-labeled isotope sivdies
vere carried out to see if ViDL catabolism contributed to
the expanded LDL rool in case’n-fed rabbits. These studies
showed that the increased LDL pool resulted principally

from a decreased efficiency of removal. In addition, rhe

it




expanded LDL pool was the result of increased LDL
production via VLPL-independent pathways. Precursor-
product relationships suggested that LDL was being
secreted directly into the circulation.

Further studies were conducted to see tf the
dimiaished catabolism of LDL was due to the receptor-
agdiated or receptor—independent process, and whether this
may be due to any changes in the LDL particles theamselves,
These results clearly showed that decreased LDL catabolisam
in casein—-fed rabbits was due to impaired receptor-
dependent catabolism and not to any fuctional
abnoraalities in the LOL particles theaselves. Further
experiments on the time—course of i1mpaireil receptor-
dependent catadbolism of LDL in casein-fed rabbits, showed
that this down-regulation could be detected within 5 days
of casein-feeding and, before, any der~ctable increase in
plasma cholesterol.

Experiaents were then conducted to sce {f the
impaired receptor—-aediated cataboliam in casein-fed
rabbits resulted from differences in the digestibility of
the dietary proteins, in vivo. The results of these
studies collectively suggested that in rabbits fed casein
diets, there was decreased digestion in the stomach and
increased digestion in the proximal intestine, probably as
a result of differing pH-dependent changes which affect

the do0lubility of casein. There was no Aifference In the

iv




bile acid content in the intestinal contents of casein and
soy proteian-fed rabbits, suggesting that the difference in
plasma cholesterol in the two dietary groups aay not be
due to differential seguestering of bile acids by the
grotein digestion products, in vivo. The possibility that
casein-iadoced hypercholesterclemia resulted from impaired
release of Cholecystokinin (CCK) was tested by measuring
postprandial release of CCK in rabbits fed the two diets.
Casein-fed rabbits had significantly lower levels of CCK.
Exogcnous injections of CCK into casein~fed rabbits tended
to slow the development of hypercholesterolemia.

These studies show that elevated LDL pool in
Tarthi ¢« fod cazsein diets results principally from impaired
receptor-dependent LDL catabolisa. Furthermore these
studies show that the changes are due specifically to the
protein coaponent of the diet since they did not occur

with soy protein diets. These changes aay be hormona'ly

adiated.
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addition to providing chemical analysis of the
lipoproteins, yielded a method for their isolation which
is routirely used today in most labhoratories.

Lipoproteins are essentially spherical
particles having an apolar core of neutral lipids,
(triacylglycerols and cholesterol esters) wvhich is
separated from the external aqueocus environment by a
surface monolayer coasisting of the apolipoproteins and
polar lipids {unesterified cholesterol and phospholipids).
The outer layer is responsihle for the solubility of the
lipoprotein particle in plasma.

On the bhasis of operational definitions such
as clectrophoretic mobility and ultracentrifugational
flotation, lipoproteins are divided into 5 classes; CM,
VI.DL, IDL, LDL and HDL. Some characteristics of the
composition and properties o human plasma lipoproteins
ire summarized in Table 1.1,

Following the elucidation of the apoprotein
components of the lipoproteins, the tendency has bheen to
classify the apolipoproteins {nto 3 groups; apo A, apo B
and apo C., Furthermore the operational definitions of
lipoproteins have been slowly superseded by
classifications based on the apoprotein classes. Therefore
lipoproteins may be defined operationally on the hasis of

thier physical properties, or by "families" characterized

by their chemically-defined protein components. More than
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CHAPTER 1

INTRGDUCTION AND LITERATURE SURVEY

1.1 Atherosclerosis

In North America alone, almost half a amillion
pcople die of CHD each year (Roberts, 1987). This is the
equivalent of losing 1000 fu'ly ioaded 747 Jumbo jets
annually!, The principar cause of CHD is atherosclerosis -
a disorder of the large arteries which develops over the
csurse of many years,

"Atherosclerosis is a variahbhle comhination of
changes of the iatima of arteries (as distinct from
arterioles) consisting of the focal accumulation of
lipids, complex carbohydrates, bhlood and blood products,
fibrous tissue and calcium deposits, and associated with
maedial changes”. This is the definition of atherosclerosis
giveu by a study group of the World Health Organization,
and i{s printed in the inside cover of every monthly issue
of the journal, Atherosclerosis (Elsevier Press).

The disease is characterized by the ocurrence
of lesions in the innermost layer of the affected
arteries, These lesions consist of plaques of smooth
muscle cells which are embedded in a matrix of baseament
membrane, proteoglycan and connective tissue. The plaques
are frequently infiitrated with mazrophages. The cells in

the lesion are enriched in CF, derived from I.DL, and the

cytoplasm nf these cells has a typical foamy appearance

1




{Scott, .987).

As will bhe apparent already from the adove
definition, atherosclerosis is a multifactorial disease
with heredity, diet, diahetes, cigarette saokinyg,
hypertension and viral injury to the arterial wall being
some of the factors known to play a role in irs
development. According to the "lipid hypothesis™,
increased levels of plasma lipids, especially cholesterol
and LDL-cholesterol, increase the risk of an individual to
atherosclerosis.

1.1.1 Diet and Atherosclerosis.

From epidemiological data relating dier,
plasma lipid concentration and CHD, it is clear that
increased CHD in societies is correlated with high intakes
of total fat, sa*urated fat, animal protein and
cholesterol. However since the intake of the latter three
dietary ingrcdients is frequently interrelated, iv is
difficult to separate the effects of any one of them an

CHD.

One of the most comprehensive studies to
date, (Keys et al., 1970) has demonstrated a positive
correlation hetween saturated fat intake, CHD and serun
cholesterol concentrations. Furthermore this study also
showed that total calories derived from dietary fat hears
a positive correlation to the incidence of CHD.

The average North American diet contains

40-437 of the total calories as fat (P/S ratio nf 0.4),



15-292 of total calories as proteia and the rest as
carbohydrates. The daily cholesterol intake of a typical
North American is 400-800 mg cholesterol. Over the years,
the Americrar Heart Association, the National Cholesterol
Fducation Program and various Yational Institutes of
Health consensus conferences have recommended decreasing
the fat intake to 35% (P/S ratio of > 1.5}, decreasing the
daily cholesterol intake to 250 mg or less, with 15X
protein and the rest carhohydrate. X blood cholesterol
level of 7 200 mg/dl is considered desirahle. lLevels of
206-239 my/d1 as horderline and levels > 240 mg/dl as
high. Diet and drug therapy is recommended for the latter
grovp of individuals.

This thesis is concerned primarily with the
effects of diet, and specifically protein, on plasma
cholesterol concentrations.

1.1.2 Atherosclerosis Research and the Rabbit.

Much of our knowledge of atherosclerosis
stems from experiments carried out in various animail
speclies, Several factors have to be consider241 bhefore
deciding on a given animal, These include availability,
cost, suitability, an'.mal size, physiological similarity
to humans, and the ability to induce lesions similar to
those seen {n man., The rabbit is perhaps the single most
widely used species for atherosclerosis research. The
merits and demerits of the rabbit model will not be

discussed here. Suffice to say that all the experiments



reported in this thesis have heen carried out in rabhits,
The suitability of this animal species has heen discussed
previously (Vesselinovitch, 1979; Huft, 1973).

1.1.3 Dietary protein, serua chole~terol levels and

atherosclerosis.

In 1909, Ignatowski suygested that the
arterial lesions produced in rabbita hy feeding milk, wmeat
and eggs were attributable to the animal protein
components of the diet. WHis suggestion for the role of
dietary protein in atherosclerosis was ignored, and his
results were attributed to tue cholesteruol that was also
present in the diets he used. fgnatowski's work gencrated
much interest, becuase it now hecame possible ta produce
atherusclerosis hy dietary manipulations. Fven rhough
Meeker and Xesten (1941), some 30 years latrter, showed thar
in cholesterol-free diets, dietary casein was moare
atherogenic than dietary soy protein, their studies also
achieved little attention. It was not until the
experiments carried out hy Carroll and his colleagues
(Carroll and Hamilton, 1975: Carroll, 1978) using
cholesterol-free, low-fat semipurified diets rhat rthe role
of dietary protein in modulating serum cholesterol levels
was established.

Since the early 1970's there i3 now a spatre

of evidence that feeding semipurified diets containing

casein results in markedly elevated levels of serun




chulesterol whereas low levels of serum cheolesterol are
maintained if the c-sein is replaced dy isolated soy
protein. (The majority of the studies utilise casein and
S0y prutein as representatives of animal and plant
sroteins respectively, since these proteins are readily
availahle commercially, in >90 purity.) Much of the work
has stemmed from an increased awareness of the available
epidemiological data. Though a positive correlation
exiyted hetween dietary animal protein and CHD in several
countries (Carroll and Hamilton, 1975; Carroll, 1978) this
was complicated by the fact that a positive correlation
also existed between dietary fat and CHD (Carroll and
Khor, 1975), which made it difficult to differentiate
between the effect of animal protein per se,

An appraisal of data collected by the 1J.S.
Departwment of Agriculture showed that from 1909 to 1974,
the rattio of animal to plant protein in rthe American diet
increased from 1.04:1 in 1910 to 2.36:1 in 1974 (Gortner,
1975; Carroll, 1981; Carroll, 1982) and it was siggested
by Stallones (1980) that this may have contributed to the
tncrease in mortality from CHD over this time period.
Furthermore {t was found that over *he same period of time
dietary fat and cholesterol content of the diet changed
little, with almost no change in the content of saturated
fat (Carroll, 1982). Ta addition, vegetarians in the U.S,
had lower levels of plasma cholesterol than the population

us a whole (Sacks et al., 1975; Burslem et al., 1978:




Sanders et al,., 1973). They were also at a lower visk from

CHD than their non-vegetarian countecparts (Philips et
al., 1973). Based on the results of studies with rabbits
(Huff et al., 1977) in which ii was shown that
ncrmocholesterolemic cholesteral levels could be
maintained using a 1:1 ratio of animal to plant protein in
the diet, with bhereficial results even at a ratio of 3:1,
Carroll (1981) showed that the ratio of animal to plant
protein in the human diet could be changed to give o amore
beneficial ratio and that this would orly involve aminor
changes in eating habics.

Though the degrec of response varies between
animal species, and even within a given species subtle
differences cin he observed due to sex, strain and age,
the evidence is unequivocal thar dietary protein plays a
role in modulating serum cholesterol levels and that long
term feeding of casein produces atherosclerotic lesions
(Huff et al., 1982). Studies hy Hamilton and Carroll
(1976) have also shown that in general, dietary animal
proteins are more hypercholesterolemic compared to dietary
plant proteins.

In some experimental animals, alterations in
serum cholesterol produced by dietary protein anly hecone
apparent when the diets also contain cholesterol, hut this

is not so0 in the rabbit. fn this animal model, rhanyges in

serum ch.lesterol can he produced by varying the amount




and type of dietary protein in the absence of dietary
cholesterol, Hence, casein, fed in low-fatr,
cholesterol-free, semipurified diets leads to a 3-4 fold
elevation of serum cholesterol compared to isolated soy
protein, The excess cholesterol in the serua of casein-fed
rabbirs accumulates in the atherogenic LDL fraction,

Though numerous studies over the last decade
or 30 have looked at the effects of dietary protein on
cholesterol and lipoprotein metabslism, LDL receptor
activity, bile acid and neutral steroid excretion - the
fundamental Jquestion has remained unsolved - what is the
mechanism that causes this cffect? In order to answer this
it i3 necessary to have a working knowledge of cholesterol
and lipoprotein metaholism. Therefore before proceeding
further, this will be addressed.

1.2 Lipoproteins,

In fasting human plasma, typical lipid
concentrations are of the order of 400-800 mg/dl, despite
the fact that lipids are :nsoluble in water! This problem
fs resolved by the fact that the presence of lipids in
plasan is made possihle by its comhination in
water-soluble macromolecular complexes, the lipoproteins.

The first isolation and identification of a
lipoprotein from plasma was reported by Machehoeuf (1929).
Subsequent work by Blix et al, (1941), Pedersen (1947),

Gofman et al, (1949) and Cohn et al, (1950) paved the vay

for the classic work of Havel et al (1955) which in
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addition to providing chemical analysis of tie
lipoproteins, yielded a method for their isolation which
is routirely used today in most lahoratories.

Lipoproteins are essentially spherical
particles having an apolar core of neutral tipids,
(triacylglycerols and cholesterol esters) which is
separated from the external agqueous environment by a
sur face monolayer consisting of the apolipoproteins and
polar lipids (unesterified cholesterol and phospholipids).
The outer layer is responsible for the solubility of the
lipoprotein particle in plasma.

On the basis of operational definitions such
as eclectrophoretic mobility and ultracentrifugational
flotation, lipoproteins are divided into S classes; CM,
VI.DL, 1nL, LDL and HDL. Some characteristics of the
composition and properties o human plasma lipoproteins
are summarized in Table 1.1.

Following the elucidation of the apoprotein
components of the lipoproteins, the tendency has heen to
classify the apolipoproteins into 3 groups; apo A, apo B
and apo €, Furthermore the operational definitions of
lipoproteins have been slowly superseded by
classifications based on the apoprotein classes. Therefore
lipoproteins may be defined operationally on the hasis of

thier physical properties, or by "families"™ characterized

by their chemically-defined protein components. More than




Table 1.2

Functions of the major apolipoprotcias

Al LCAT activation
A-1V LCAT activation
B-100 LDL receptor recognition
C-I Inhibits receptor interaction
C-1I [.PL activatiou:

Inhibits receptour interaction
C-1II [nhibits receptor interaction
E I.DI, and Chylomicrun receptor

recognition

(from Gottou et al., 1986)



20 different apolipoproteins have been identified 11
(Xostner, 1953). These differ in their primsary, secondary
and tertiary structure as wcll as in their fumnctions and
distribution throughout the linoprotein spectruam. Table
1.2 lists the functions of the major apolipoproteins.

CM and VLDL are the major TG carrying
lipoproteins., The former are responsible for the transport
of exogenous TG, whereas the latter transport endogenous
TG. TG are transported to the peripheral tissues wvhere
they provide cells with energy. LDL functions to Iransport
cholesterol to extrakepatic tissues whereas HDL is
involved in the transport of cholesterol from peripheral
tissues to the liver.

Since the early 1970's, there has been a
tremendous increas2 in our knowledge of LDL metadbolism,
largely as a result of the pioneering studies froam the
laboratory of Goldstein and Brown. The discovery of the
I.LDL receptor has gone a long way toward our understanding

of the mechanisms that control plasma I,.DL concentrations.

1.2.1. Lipoprotein synthesis and secretion.

Lipoprotein secretion involves synthesis of
the protein and lipid components, assembly of these
components to form the lipoprotein particle and finally
fits secretion into the bhlood. This secretory pathway
fnvolves the endoplasmic reticulum and Golgi apparatus

(Alexander et al., 1976)

CM and VLDL are synthesised in the enterocyte
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and hepatocyte respectively. The TG of these lipoproteians
originaltes in the SER (Stein and Stein, 1967;: Alexanider et
al., 1976). This is the site of synthesis of the PL and

the non polar esters of fatty acids. The apolipoprotein of
the CM and VLDL are synthesised cn the attached ribosomes

of the RER (Bungenbery and Marsh, 1963) along with a

signal peptide which is rapidly cleaved oftf. The nascen?
particle is then trinsported ro the Golgi within the
cisternae of the RER, The particles are then cencentrated
within secretory vesicles of the Golgi. These vesicles now
fuse with cither the hasolateral meabrane of the
intestinal cell or with the hepatocyte meabhrane. The
resulting nascent particles are then released into the
extracellular space,

An essential reguisite for the scecretion of
the nasceant particle is apo B, since inhihitors of proteian
synthesis aholish (he ahility of the cell ro sccrete
TG-rich lipoproteins (Siuta-Mangano et al.,, 1982), In
abetalipoproteinemic patients, characterised hy high
circulating levels of plasma T( concentrations, there i
an absence of apo B (Herbert et al., 1974). HD.L in these
patients is secreted with a normal complement of apo A, C
and E.

Following secretion of the nascent particles,

apo C and F are obtained by transfer from HDL, Tn addirion

to apo B-48, the nascent .M particle contains newly




synthesised apo Al and apo A-IV. These apolipoproteins 13
are partly transferred to HDL in exchange for the T and E
apolipoproteins as well as PL immediately following
secretion of the CM particles into the bhlood (Havel,
1973).

Since the liver is able to synthesise apo C,
nascent VLDL particles contain some apo C, but additional
apo C is acquired from HDL following secretion (Sakesin
and Frase, 1977). Nascent VLDL also contains apo E, since
the hepatocyte is also able to synthesise this. Tn humans
the apo B of CM is apo B-48 and apo B-100 in VLDL, Tn the
rat nascent VLDL. has hot% apo B-48 and B-100 (Xane, 1978).

The synthesis and secretion of HDL are less
well characterised thun the secretion of TG-rich
ligoproteins. Tn the absence of LCAT, nascent HDPL frow rat
liver perfusates appears as discoidal particles containing
apo AT and F both of which can he synthesised by the
liver. Spherical particles uppear {f LCAT is present,
similar to the mature particles seen in the hlood. In
liver perfusates of rats fed orotic acid, r2scent HDL are
present hut not nascent VLDL particles, indicating
independent synthesis of the two lipoprotein particles,
(Hamilton, 1984)

Nascent discoidal particles of HDL are also
found in rat intestinal lymph (Green and Glickman, 1981;

Forester et al., 1983) The najor apolipoprotein of HDL,

apo Al, can he synthesized in hoth the liver and




intestine, lLatter is a major site of synthesis in the rat
(Wu and Windmueller, 1979). & large fractiom of the
surface components of HDL is traasferr=d to the nasceat
particle duriuy hydrolysis of CM by LPL. This includes a
large proportion of the apo Cs and PL and essentially all
of the apo As (Mjos et al., 1975). Similarly ape C

and PL are traunsferred to HDL duriuag hydrolysis of VLDIL bhy
LPL (Mjos et al,, 1975; Patsch et al., 1973). Apo ATl and
apo AITI, are synthesised initially asx proproteins, which
undergo extracellu'srr cleavage by a metal-dependent
protease to form the mature protein (Fdelsteia er al,,
1983). In animals in which most of the apo A is froum the
intestinre (e.g. vat) it i3 rthought likely that HDIL arises
from the products of CM metaholism,

In addition to the hepatocyte and enteruvcyte,
certain other cell types are capahle of synthesizing
apoproteins. Apo E is produced by huwman kidney and adrenal
glands (Blue et al., 1983). Apc F is also seccreted hy
mouse (Basu et al,, 1981) aad huasan macrophages, (Werh and
Chen, 1983) especially after cltolesterol loading (Basu ot
al., 1981). Apo Al and apo F a:re also synthesised hy
kidney and skeletal muscle in hirds (BRlue et al,., 19R0;
Blue et al,, 1982). However little i3 known ahout how apo
Al and apo F are secreted from these other tissues,

1.2.2, Lipoprotein remodelling and catabolism

Following secretion of the nascent particles,




the lipoproteins are rapidly and extensively remodelled by 1 S
‘ transfer reactions asediated by lipid transfer proteins and
enzymatic reactions meiiated hy LPL and LCAT. The net
result of these proc=:ises is the exchauge of cholesterol
CCE, PL. and apo A, C and E, bhetween the TG-rich
lipoproteins and HDL.

The first lipid transfer protein was
characterized by Zilversait =t ai (1975). This specific
cholesterol ester transfer pretein (Barter and Jones,

‘ 1979; Dobdiasova, 1983) facilitates the transfer of CE from

HDIL. to VLDL and TG from VLDL to HDL in man. It is not

found in the rat {(Barter and Lally, 1978).

Three distinct and iaportant processes define
the circulating lipoprotein pool. These are the exchange
and transfer reactiuvuns of the lipid and apolipoprotein
moieties, the activities of the lipnlytic enzymes and
finally the activities of the lipoprote=in receptors. The
first of these has already been alluded to in the
preceeding sections.

The TG-rich lipoproteins hind LPL on the
endothelial surface of blood capillaries resulting in
hydrolysis of the hulk of the core TG. Concomittantly
there {s an exchaange of apo A, C, E, PL and cholesterol
between the TG-rich lipoproteins and HDL. LPIL is known to
be synthesized in the parenchvymal cells of the tissues
that contain it (e.g. adipose and muscle tissue), from

where it is secreted to the capillary endothelium. Here it
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is bound to the cell surface by heparin sulphate (Cryer,
1981; Niilson-Ehle et al., 1980). LPL hydrolyses the sa 1
#*nd sn 3 ester bends of TG and the sn 1 ester bond of PL
and CE (Quinn ¢t al., 1982; Nillson-Ehle et al., 1930). As
mentioned before, apo C-II is a necessary cofactur (Vainio
et al., 1983). Binding to sulfated glycosaminoglycans
stabilises the enzyme in vitro.

CM TG hydrolysis by LPL is highly regulated,
especially by hormones. Tasulin appears to play a major
role in short term regulation (Cryer, 1981). The
hydrolysis products of fatty acids, are taken up by the
tissues and reesterified to form cellular TG which are
stored in adipose tissue,

Hepatic lipase is iavolved ian the conversion
of small VLDL and IDL to LDL possessing hoth a TC
hydrolase and phospholipase activity (Fhnholm et al.,
1975; .Jansen et al.,, 1980).

The second stage of CM hydrolysis involves
binding of the CM remnanrts to specific remnant receptors
on the surface of hepatocytes. The receptors recognise rthe
ligand, apo E (Havel, 1984), This binding is ianhibhited hy
the C apolipoproteins. Hence loss of apo C during remnant
formation facilitates binding to the remnant receptor.
Following binding the remnant (s internalised into rhe

cells through clatharin-coated pits, These pinch off to

form a3 primary endosome., The latter now fuses heneath the




cell surface forming multivesicular bodies. The low pH of 4
the endosomal space now facilitates dissociatioa of the
receptor from its ligand. Primary lysosomcs froa the Golgi
now fuse with the amaultivesicular bodiex r -"sultiang in
proteolysis and lipolysis of the remnant components,

The tnitial stage in the hydrolysis of VLDL
is similar to that seen for CM. Hence VLDL core TG are
hydrolysed by LPL with PL and apo C being transferred to
HDL. As hydrolysis wroceeds, VLDL reanants are generated,
poor in TG, PL and apo C. However the remnants retain apo
B and apo E. Small VLDL particles yield small resnant
particles which are thought to more likely form LDL than
larger remnants, wh:reas larger VLDL are thought to yield
relatively larger reanants, which are wore likely to be
removed by the liver (Stalenhoef et al., 1984: Packard et
al., 1984). Tt should be stressed that just as VLDL
comprises a spectrum of particles, LPL hydrolysis of VLDIL
produces a spectrum of reanant particles, whose size and
density can overlap with precursor VLDL particles. VLDL
remnants with a density greater than 1.006 g/ml are
frequently referred to as IDL, but as yet there is no
evidence that these IDL particles are qualitatively
different from VLDL remnants of d<1.006 g/aml.

In the rat newly syuthesised VLDL has
appreciable quantities of CE due to hepatic synthesis

stimulated by ACAT. However little CE are acquired in

plasma due to low activity of the CE/TG iipid transfer
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protein. In man, hepatic ACAT activity is low, and CE/TC
lipid transfer protein activity is high, so that the VLDL
acquires CE from HDL. In wmany species most of the VIDL
remnants are taken up by liver hepatocytes via
receptor-mediated endocytosis. Tn man, about half of the
VLDL remnants are normally processed further to LDL. This
is accompanied by further loss of TG, PL and apo F. Only
apo B-100 is rz2tained in LDL. Mydrolysis of VLDL reanants
to LDL is believed to be mediated by hepatic lipase.

VLDL remnants and LDL are hoth removed via
I.LDL receptors (Goldstein et al., 1983). The former are
removed alamost entirely in liver (Jones ct al., 1984%)
since tihese contain apo B-100 and apo FE. The latter
has a marked affinity for the LDL receptor. LD removal
via hepatic receptors is less efficient, sinc=2 these
particles have only B-100. They cunsequently gain access
to various compartwents of dif’erent extrahepatic organs
and tissues which have LDL receptors (Attiec et al., 1982;
Stange and Dietschy, 1984).

1.2.37. Receptor-mediated endocytosis of I.DI,

This has bheen extensively studied in the
laboratory of Goldstein and Brown. 'sing cultured human
fibroblasts these workers and their colleagues have
meticulously detailed the involvemenc of the I.DIL receptor
in the regulation of plasma DL concentrations, an

achievement for which they were awarded the Nohel Prize in

Physiology or Medicine in 1985. The wnrk has hecn
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cxtensively reviewed (Goldstein and Rrown, 1977; Brown et
al., 1981; Brown and Goldstein, 1983; Goldstein and Brown,
1984; Brown and Goldstein, 1986; Brown and Goldstein,
1988) and will therefore only be discussed briefly here.

LDL binds to high affinity receptors in
specific regions of the plasma meabrane, called coated
pits. The ligand recognized is apo B-100 (and apo E).
Although coated pits comprise only 2% of the surface of
human fibroblzsts, rthey contain 50-80Z of the LDL
receptors (Goldstein et al.. 1983). The pits invaginate
into the cells where they pinch off to form coated
endocytic vesicles. These then fuse with lysosomes. Here
the protein component of LDL is degraded to amino acids
and the cholesteryl esters are hydrolysed by an acid
lipase. The liherated cholesterol leaves the lysosomes and
is used by the cell for . mhrane syrnthesis.

The liberated cholesterol regulates three
processes; 1) it inhibits HMGCoA reductase, (the rate
controlling enzyme in cholesterol synthesis) shutting off
cellular cholesterol synthesis, 2) it activates ACAT, the
enzyme which reesterifies excess cholesterol, allowing it
tvo be stored in the cytoplasm as CE droplets, and 3) it
inhibits the synthesis of LDL receptors, therehy
preventing uptake of cholesterol from LDL (see Fig. 1.1).

Hence {t can he seen that cellular cholesterol levels are

under extremely fine coantrol. In normal man, ahout RO% of
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Fig. 1.1

Receptor-mediated endocytosis of LDL

(from Brown and Goldstein, 1989%)
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LDL is metabolized by this receptor-mediated process, the
reaainder is cleared by receptor-independent rvutes,
Romozygous FH patients having two wutant LDL receptor
genes, have an absence of 1L.DL receptors, and exhibhir
plasma LDL levels 6-10 times higher than those seea ina
normal man. These patients frequently develop myocardial

infarctions before age 20 (Goldstein and Brown, 1930).

1.7 An overview of cholestercl mctabolisa.

Integrating the information from the
preceeding sections, an overview of cholesterol metaholisa
will now be preseanted.

Following ingestion, dietary cholesterol
reaches the samall intestine where it gets mixed with
endogenous cholesterol, i.e. cholesterol secreted in bhile
and frow degraded cells in the intestinal epitheliuam.
Hovever in animals on cholesterol-free diets, (the rabhbitsy
used for all the experiments outlined in this rhesis), »1l
of the intestinal cholesterol is of endogenous origin.
Intestinal cholestercl can he cither ahsorbed or excreted
in the feces. The prucess of intestinal cholesterol
absorption, synthesis and secretion has heen reviewed hy
Norum et al., (1983) and will not he detai'ed here.

Once absorbed through the intestinal wall,
the cholesterol is incorporated into €M and transported to

plasma via the lympn, CM TG are hydrolysed by [LPlL, whereas

the cholesterol remains with the CM remnanty that are

g




generated. CM resnants are now taken up ia the liver via
the apo E mediated receptur system (remnant receptors).

Within the hepatocytes, the cholesterol
expands the intracellular pools initiating homeostatic
aechanisas to prevent a cholesterol overload. Therefore
HMGCoA reductase is inhibited, and the number of LDL
receptors is reduced. Having prevented a cholesterol
overload, the liver now removes the excess cholesterol.
The latter is either secreted in bile as such or after its
conversion te bile acids (the latter process being
catalysed by the enzyme cholesterol 7«-hydroxylase). The
excess cholesterol is also secreted into the plasaa as
VLDL. Tn the plasma pool, VLDL is hydrolysed to IDL and
then to LDL. Tn the rabbit, there is evidence that the
liver also secretes DL directly into the circulation.
Once in the plasma additional cholesterol in the form of
CE is acquired from HDL in exchange for TG, catalysed by
cholesterol ester transfer protein, which i3 known to be
present in the rabbdbit, Upto 602 of LDL is then removed via
I.LDL receptors, with the remainder thought to be removed by
scaveager cells,

A schematic outline of the scheme discussed
ahove is depicted ir Fig. 1.2.

1.4 The effects of uietary protein on cholesterol

metabolism.

The effects of dietary protein on cholesterol

metabolism has been studied extensively over the past 15
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Fig. 1.2

Overview of cholesterol metabolism

Schematic representation of cholesterol metabolism
(adapted from Beynen et al., 1986b)
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years. Much of tiie early work was descriptive, detailing
tnhe etfects of dietary protein and its interaction with
wther dietary components, on serum choloesterol levels.
More recent studies have teaded to focus ou the
paysiological/biochemical mechanisms (in line with the
scheme for cholesterol metabolism discussed in the
preceeding section) in an attempt to explain what causes
the effect.

In the following literature survey, sowmce of
the early work is discussed briefly, since auch of this
has becn extensively reviewed (Carroll, 1973; Carroll,
1981; Carroll, 1982; Terpstra et al,, 1983, Foley et al.,
1988). The most recent mechanistic studies are reviewed o
more detail (also discussed by Beynen et al., 1986a % b).
Most of the work described is from rahbits, but results
from other species including rats and humans has hecen
included to a give a wmore complete accountr,

1.4.1 Rabbits,

As already discussed, an association hetweon
dietary protein and atherosclerosis was first suggestoed hy
Ignatowski (1909). Meecker and Kesten (1941) using
cholesterol containing diets found soyhean protein was
hWypocholesterolemic compared to casein. Additionally these
workers showed that cholesterol-free casein diets induced

atherosclerotic lesions identical rto those produced by

dietary cholesterol. The hypercholesterulemic effects of
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cascvin were suhsequently found by Lambert et al., (19538)
and Wigand (1959) using cholesterol-free diets. In all of
these studies, the role of the dietary pr..ein was not
fully appreciated uatil the classic studies from Carroll's
colleagues in the early 1970's.

Though most of the studies have used casein
and soy protein as dietary protein sources, previous work
from this laboratory (Carroll, 1971; Carroll and Hamilton,
1975, Hamilton and Carroll, 1976; Carroll, 1982) and work
done by Kritchevsky (1979) has also shown that generally
animal proteins are more hypercholesterolemic than plant
proteians,

The ability of dietary casein in
cholesterol-free diets to induce atherusclerotic lesions
was reported by Huff et al., (1982) and by Xatan et al.,
(1982). In the latter study a significant correlation was
found between aortic plaque development and hyper-
cholesterolenia.

The increased serum cholesterol levels in
-asein-fed rabbits is reflected principally by increased
LDL levels (Roberts et al., 1979; Huff and Carroll, 1980;
Terpstra et al., 198]1; Terpstra and Sanchez-Munis, 1981;
Bauer and Cavert, 1984; Hrabek-Smith and Carroll, 1937)
although increases in other lipoprotein fractions have
also been reported (Terpstra et al,, 1981, Kurowska et

al., 1989).

Several studies have investigated if the
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effect on serum cholesterol levels is due to the amino
acid composition of the proteins. Feedinyg of an amino actd
mixture resexcdling casein produced similar cholesterol
levels to that seen with the intact protein whereas the
amino acid mixture resemdbling soy protein produced
somevhat higher levels than the intact protein (Huff and
Carroll, 1980). Enzymatic hydrolysates of crasein and soy
protein produced somewhat lower levels of serum
cholesterol than the intact proteins but the differential
response between the two proteins was still apparent (Huff
et al., 1977). Xritchevsky (1979} hypothesized that the
ratio of lysine/arginine was responsible for the observed
effects, since work from his laboratory had shown thar
manipulation of the lysine/arginine ratio in a casein diet
to match that in the so0oy protein diet abolished the
hypercholesterolemia (Kritchevsky et al,, 1973). However
the reiults of these experiments could not he reproduced
by Huff and Carroll (1980a) Studies by Huff et al,, (1977)
designed to elucidate if the effects were attributahle ro
essential amino acids, or whether amino acid
supplementation of the intact proteins could aholish
casein-induced hypercholesterolemia, were also
inconclusive,

Therefore although amino acid composition may

be important in determining serum cholesterol

concentrations, it cannot exclusively account for the




observed effects., The structure of the intact protein also
seeas to play a role. Furtheraore additional factors,
e.3., the rate and extent of protein digestion, the rate
uf release of the constituent amino acids and their
subsequent rate of absorption in the gut, way also be
important factors affecting the outcome on serum
cholesterol levels (Huff and Carroll, 1980a; Woodward and
West, 1984; Woodward and Carroll, 1985; Redgrave, 1984).

It is however clear from all of the studies
that serum cholesterol concentration in the rabbit is
extremely sensitive to the type and amount of protein in
the diet., Furthermore the rabbit is the only species
examined to date, in which dietary protein exerts such a
marked impact on serum cholesterol levels, even in the
ubsence of dietary cholesterol.

1.4.2 Rats.

Most of the tspes of studies done in rabbits
have also heen cavrried out in rats. However ia this
species the differential effects of casein and soy
protein are only apparent using atherogenic diets (diets
containing cholesterol), Furthermore the response observed
is also determined by the sex and strain of the rat used,
Using atherogenic diets, casein is hypercholesterolemic tn
female lean Zucker rats but not in males (Terpstra et al,,
1982a). The hyperchoulesterolemia observed is also

dependent on the presence of dietary fat. Using

cholestervl-supplemented diets, differential effects of
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casein and soy protein have been reported by several
groups of workers (Moyer et al., 1956; Nath et al., 1959;
Yadav and Leiner, 1977; Terpstra et al., 1982a; Cohn et
al., 1984; Sirtori et al., 1984, Vahouny et al., 1935),

Using cholestervl-free diets, the cffects are
greatly diminished or altogether abhsent. Hevia and Visek
(1979a) found casein tu be hypercholesterolemic bhut only
usinyg high levels of dietary protein (45%). Sautier et
al., (1979) could not find any differeuce in serum
cholesterol concentrations between casein and soy proteia,
Similar results were reported dy Pathirana et al,, (1930).
Also no trends were found when comparing different plant
and animal proteins (Eklund and Sjoblom, 1980; Neves ct
al., 1980; Jacques et al.,, 1988).

1.4.3 Humaas.

Clinical trials in human subjects compariag
the effects of dietary animal and plant proteins on plasma
cholesterol levels, have given conflicting results.
Studies by Sirtori's group have shown that replaciayg
dietary animal protein by plant pruteln (soy) in rthe diets
of Type Il hypercholestervlemic patients leads to a
reduction in plasma choulesterol levels (Sirtoril et al.,,
1977; Sirtori 2t al., 1979; Descovich et al,, 1980), in
one study (Sirtori et al,, 1979), 42 hypercholesterolenmic

in-patients, responded with decreased plasma cholesterol

levels on being switched from a standard low-1ipid dier,




to a soy protein diet. However the respoase in 18 out-
patients was less consistent. A soybeaa protein diet also
decreased plasma cholesterol (by 16X) in 12 severe type II
hyperlipoproteineaic subjects compared to an animal
protein diet (Lovati et al,.,, 1987)., A 32X reduction in
plasma cholesterol was obtained in hypercholesterolemic
childr=2n when their dietary animal protein was replaced by
plant protein (Gaddi et al,, 1987),

Reductions in plasma cholesterol levels have
also been reported by Carroll et al., (1978) in
normolipidemic women, and by Wolfe et al., (1981) in type
II hypercholesterulemic patients when dietary animal
proteins were replaced by plant proteins.

Using mildly hypercholesterolemic patients,
Shorey et al,, (1981) found no effects on plasma
cholesterol levels, when Jdietary animal prctein was
replaced by say protcin. Van Raiij et al., (1979) and
Holmes et al., (1980) also found no beneficial effe-ts of
plant proteins. Similarly Van Raiij et al., (1981) using
69 normocholesterolemic patients und Grundy and Abrams
(1923) using 1 mildly hypercholesterolemic and 13
normocholesterolemic subjects, also found no differences
between d.etary animal protein in comparison to soy
protein., Huff et al., (1984) when comparing a mixed
protein diet versus a plant protein diet could also not

detect any differences in plasma cholesterol levels.

Giovannetti «t al., (1986) compared a mixed

(N
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protein diet with a plant protein diet with bhoth, a low
and medium fat content, in 12 healthy females, and again
found no cdifferences in fasting plasma cholesterol levels,
Finally Mercer et al., (1987) replaced S00ml of 2% cow's
milk with an equal volume of a driak coantaining similar
amounts of soy nrotein and butterfar in 33 healthy
volunteers. Although the group as a <shole showed no
differences in plasma cholesterol levels, a subset of 5
individuals with the highest plasma cholesterol
concentrations, responded with a small but significant
reduction (5%) in their plasma cholesterul levels.

1.4.4 Other species,

Roy and Schneeman (1981) have found =oy
protein to be hypocholesterolemic in mice in comparison to
casein, whereas, Raheja and Linscheer (1982) and Weinans
and Beynen (1983) found no differences between the two
proteins. Tn hamsters, Beynen and Schonten (1983) found
soy protein to be hypocholesterolenic compared to caseln,
but Mahfouz-Cercone et al., (1984) and Duffy et al,,
(1985) could find no differences hetween the two. Richmond
et al., (1984) found no difference between cottonseed
protein or soy protein on hamster plasma cholestarol
levels.

Forsythe (1986) has found casein to *»n

hypercholesterolemic in gerbils in comparison to soy

protein, hut only in the presence of dietary cholesterol.




Trpstra et al,, (1982b) have found casein to be
hypercholesterolemic compared to soy protein regardless of
whether the gerbils were consuming cholesterol-containing
diets,

In rhesus monkeys, Terpstra et al., (1984)
using a 0.1 cholesterol supplemented diet, found casein
to be hypercholesterclemic. Barth et al,, (1984) on the
other hand found no difference between casein and soy
protein on the plaszsma cholesterol levels ia Macaca
fascicularis monkeys.

In chickens fed atherogenic diets casein has
been found to be hypercholesterolemic compared to soy
protein (Stamler et al. 1v58; Kritchevsky et al. 1959;
Xenney and Fisher; 1973). With cholestercl-free diets the
effect is less pronounced or absent in chickens (Johnson
et al. 1958; Hevia and Visek; 1979b) and similarly in
pigeons (Lofland et al., 1966)

In pigs the effects of casein or soy protein
are dependent on whether the diets included cholesterol
and/or fat. Kim et al (1978) using diets with either high
or low tat and cholesterol content, found casein to be
hypercholesterolemic compared to labhoratory chow only in a
high fat, high cholesterol diet, With a cnolesterol-free
diet, casein had no discernible effects on serum
cholesterol compared to the chow diet. Forsythe et al

(1980) found that a high cholesterol and high fat diet

containing 4 mixtiure of casein and lactalbumin was
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hypercholesterolemic compared to a diet containing a
mixture of soy, corn and wheat proteins. The vesults were
not dependent on whether a polyuansaturated or saturated
fat was used. Scholz et al., (1985) t:und no statistical
difference in serum cholesterol levels of pigs fed
cholesterol-supplemented casein or soy protein diets,

1.4.5 The effects of protein structure and digestibility
on plasma cholesterol levels.

From the results of studies with a) feeding
amino acid mixtures simulatiag casein and soy protein, h)
enzymatic hydrolysates of the proteins, c) amino acid
supplementation experiments, it i3 clear that although the
amino atid composition of the dietary protein may
contribute to the plasma cholesterol concentration, there
appears to be an overriding effect of the intact protein
(i.e. its tertiary structure),

West et al. (1984) found that in rabhits the
hypercholesterolemic effec* of casein was ygreatly
diminished, if prior to feeding, it had heen cross-linked
by treatment with formaldehyde. Soy protein gave the same
results irrespective of whether it had heen treated with
formaldehsde or whether the "intact" protein was used,
However workers in the same lahoratory were unahle to
reproduce the results in a suhsequent study (Roszkowski et
al., 1985). Experiwments in rats also failed to show any

effect of pretreating casein with formaldehyde (Reynen ct

al., 1985).




Since ia vitro studies dy Sklan (1930) and
Woodward and West (1984) showed that soy proteian is able
to bind more bhile acids than casein, several workers have
suggested (Terpstra et al., 1982; West et al,, 1984;
Woodward and West, 1984;: Woodward and Carroll, 19853)
that partial digestion products of soy protein, in vivo,
may be ahle to sequester bile acids, conseguently
preventing their reabsorptica. This would result ia
ircreased bile acid excretion which would be compensated
for by increased bhile acid proaduction from liver
cholesterol, which may lower plasma cholesterol leveis.
This hypothesis has yet to be resolved.

Woodward and Carroll (1.,835) looked at the in
vitro digestion properties of casein anu soy protein by
various enzymes, Soy protein was found to be more soluble
at acidic pH and was coansequently more readily digested by
pepsin, in comparison to casein. Casein, on the other
hand, was more soluble at alkaline pH and more readily
digested by trypsin. In assessing correlations hetween the
in vitro digestion products of several proteins with their
effects on serum cholesterol levels in rats, Jacques ct
al., (1986) found significant correlations bhetween the
tyrosine content or the leucine/isoleucine ratio of
protein digestion products and total serum cholesterol

levels, but only in rats fed cholesterol-enriched diets as

opposed to rats fed cholesterol-free diets.
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Sugano's group in Japan cezmpared the {a vitro
digestion producis of casein and soy protein by pepsin to
the products isolated from the stowmachs of rats fed these
diets (Yashiro et al., 1985) The ia vitro and in vive
profiles of soy protein were essentially identical as
deterwined by Sepahdex chromatography. Furtherwore a
peptide produced by peptic digestion ¢1 soy protein, was
found to have the same hypocholesterolemic effect as the
intact protein when fed to mice. The authors suggested
that this was responsible for the antihypercholesterolenic
action of soy protein, sossihly mediated by a hormonal
siznal genecrated by this peptide. Redgrave (1984) also
suggested that the ahility of dietary proteins to affect
cholesterol metabholism might reside in their abilirties to
produce pharmacologically active peptides which can
subsceguently affect lipid metabholism in vivoe.

In the subseguent study from Suagno's
lahoratory, soy protein was hydrolysed ia vitro usiag
proteases, resulting in the production of an undigested
high molecular weight fraction and a digested low
molecular weight fraction (Sugano ¢t al., 1983), Upon
feeding these fractions to rats, hypocholesterolemia was
produced by the high molecular weight fraction, whereas in
their earlier report (Yashiro et al., 198%) the

hypocholestervlemic pruperties were attributed to the low

molecular weight frartion,




1.4.6 Effects of dietary proteins on horsones.

A few reports have been published in which the

effects of dietary proteins on various hormones have been
investigated, since it is known that several horaones,
e.g., insulin, glucagon and thyroxine have the potentia:?
to affect the activity of HMGCoA reductase.

Sugano et sl., (1982) showed that casein-fed
rats had an increase in serua insulin, but not serum
glucagon in coaparison to rats fed soy protein. Also,
fasting iasulin levels were found to be lower, and fasting
glucagon levels higher, in rats fed vegetable protein
(Sugano et al., 1984) in coamparison to rats fed animal
protein. This resulted in a lower insulin/glucagon ratio
in the vegetable protein—-fed racs. An increase in post-
prandial insulina levels and a decrease in post-prandial
dlucagon levels was found in human subjects consuming a
caseln diet supplemented with arginine and glycine, but
not in subjects whose casein diet was unsupplemented
(Sanchez et al., 1988). In gerbils fed soy protein, plasama
innulin, thyroxine and thyroid stimulating hormone levels
were higher than {n gerbils fed casein (Forsythe, 1986).

In human subjects consuming a liquid soy
protein-containing meal, post-prandial release of stomach

gastrin was lower than in the same subjects consuming a

meat-containing meal (McArthur and Richardson, 1987).
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Though some of the above studies have found
casual relationships between dietary proteins and
circulating horumone concentrations, none of the authors
have delineated a pathway to explain how dietary proteia-
induced changes in plasma cholesterol levels are medtated

by the hormone being investigated.

composition.

|
‘ 1.4.7 Effects of casein and soy protein on lipceprotein

| VLDL.

Cholesterol is increased by casein in rahbits
(Mu€f et al., 1982; Scholz et al., 1982; Terpstra et al,,
Van der Meer and Beyaen, 1937; lHrabek-Samith and Carcoll,
1987; BSauer, 1983), and in rats (Sirtori et al., 1984;
Lefevre and Schncenman, 1984) but a decrease was reported
in the monkey (Barth et al., 1984). Triglycerides ace
decreased by casein in the rabdbit (Bauer, 1983).

Casein increcases the apo B councentration in

| rats {(Coha et al,, 1984) and in rabbits (Hrabek-Smith and
Carroll, 1987). Cascin-fed rabbits also have increased
concentrations of apo F (Roberts et al,, 1981; Scholz ot
al., 1982, Hrabek-Smith and Carroll, 1987) aand apo C

(Roberts et al., 1981; Hrahek-Smith and Carroll, 1987),

IDI.

In rabbity casein increases cholesterol and
apo E concentrations (Roberts et al,, 1981; Scholz er al,,

1982), but causes a decrease in triglyceride

concentrations {(Bauer, 1988).




Essentially all of the studies to date in
rabbits have found inctreases in cholesterol and protein
induced by feeding a casein diet (Terpstra and
Sanchez-Munis, 1981; Terpstra et al., 1982; Huff et al.,
1982; 5cholz et al., 1982, Hrabek-Samith and Carroll, 1987;
Bauer, 1988)., In addition to the increase in plasma
cholesterol levels, the increase in IDL cholesterol is
perhaps the most documented effect of casein. Bauer (1988)

also found a decrease in triglycerides.

HDL

Increases in cholesterol have been reported in
rats (Sautier et al., 1983; Lefevre and Schneeman, 1984),
rabbits (Terpstra and Sarchez-Munis, 1981, Bauer, 1988)
and gerdbils (Forsyth, 1986) fed casein. These diets have
also been reported to cause increases in apo C (Lefevre
and Schneeman, 1984) and apo A (Sugano et al., 1982) in

rats,

In monkeys soy protein diets led to increases
in HDL cholesterol (Barth et al., 1984),

The study by Scholz et al., (1982) ia which
the sequence of changes in lipoprotein cholesterol was
investigated, showed that in rabbits lLed casein,
cholesterol increased first in LDL, then IDL and finally
in VLDL, whereas in rabbits fed soy protein, low levels of
cholesterol were maintained in all the lipoprotein

fractions for throughout the duration of the study.
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Recently Rurowska et al., (1989) repocted increases in
essentially all the lipoprotein fractions in rabbits fed
casein.

1.4.8 Effects of dietary protein on lipoprotein
metabolism.

Roberts et al. (1981) studicd the ofrects of
feeding semipurified cholesterol-free diets containiang
casein and soy protein on the decline ia plasma
radioactivity following an intravenous injection of either

125 1251-[DL, Both ligands were found to

I-VLDL or
be removed more slowly fruam the plasma of casein-fed
animals. Furthermore it was found that the source of the
tracer (i.e, whether it was isolated from a cascin or soy
protein-fed donor) influeanced the results obtained,
Generally the tracer isolated from the soy protein-fed
donor was cleared faster than the tracer isolated from a
casein-fed donor,

Cohn et al (1984) using rats fed an
ztherogenic diet containing casein or soy pruotein showed
that following an i.v. injection of lzs[—VLOL. the
renoval of radioactivity was faster in the soy protein-fed
rats, which was reflected hy a higher FCR of VLDL apo B,
The production rate of VLDL apo B was however similar
between the two dietary groups. 4 higher FCR of VLDL in

rats fed cholesterovol-soy protein diets as opposed ro

cholesterol-casein diets was also found by lLovati et al.,,

(1985).

<




In endogenously hypercholesterolemic

casein-fed rahbits, the FCR of removal o I-LDL was

slower than the FCR in normocholestervleric cholestyramine
treated rabbhits (Chao et al., 1982) or normo-
chulesterolenic mevinolin-treated rabhbits (Chao et al.,
1983).

In studies by Huff et &l., (1984) using
hypercholesterulemic control subjects and experimental
subjects in which soy protein was partially substituted
for the dietary protei. -omponent, the FCR of VLDL apo B
was increased ia the patients receiving soy protein even
though the circulating pool was unaltered in the two
dietary groups. Furtherwmore a discernible cffect on the
production rate of VLDL apo B in four of the five
subjects,

Kinetic studies of IDL turnover have shown
that the increased pool size of IDL apo B in casein-fed
rabbits i{s due to a significant decrease in IDIL apo B FCR
and a 2-fold increase in IDL apo B production rate, in
comparison to the values obtained in rabbits fed soy
protein (Samman, Khosla and Carroll, unpublished
ohservations).

1.4.9 Effects of dietary protein on cholesterol and
bile acid dynsmics.

Casein fed in cholesterol-free diets leads to
a8 decreased excretion of bile acids and neutral steroids

i{n rabbits (Fumagalli et al.,, 1978; Huff and Carroll;

4}




1980b, Kuyvenhoven et al., 1986) aand rats {(Sautier et al,,
1979, Nagata et al., 1982), compared to a cholestervl-free
soy protein diet. ln rabbits the decrease in bile actd
excretion in caseian-fed aniaals can bhe detected within 2-4
days (Beynen et al., 1983, Van der Meer et al., 1985)
after switching the animals from a soy proteia-diet, aad
before any detectable increase in serun cholesterol levels
(Kuyvenhoven et al., 1986).

Casein stimulates, the ahsorption of
cholesterol in rabbits and rats compared to soy protein
(Huff and Carroll, 1980bh, Nagata et al., 1982, Vahouny et
al., 1984) and increases the ahsorption of hile acids in
pigs (Beynen et al., 1985) in conpa:.son to soy protein.
However in rats fed casein or soy protein coantatning
atherogenic diets, cholesterol absorption was stmilar
between the two groups (Cohn et al., 1984)

Cholesterol kinetic studies, which have looked
at the decline in plasma cholesterol specific activirty,
following an i.v. injection of radiolaheled cholesterol,
have found a decreased FCR in rats (Nagata et al,, 1982;
Cohn et al., 1984), and rabbits (Huff and Carroll, 19HYh;
Kuyvenhoven et al,, 1986) fed casein in comnparison to
those fed soy protein. This decreased FCR resulred in an
elevation of the pool size of the most rapidly turaing
over pool (Huff and Carroll, 1980%h; Kuyvenhoven et al,,

1986). A decrease tn the production rate was detected in




the casein-fed rabbits (Kuyvenhoven et al., 1986) whereas
in the casein-fed rats the production rate was not
different from the rats fed soy protein (Nagata et al.,
1682; Cohn et al., 1984).

1.4.10 Effects of dietary protein on LDL receptor
activity,

Following the pioneering work of Goldstein
and Brown (1977) which established that upto 602 of LDL is
catabolized bv a sgecific receptor-dependent pathway, a
few studies have been carried out to look at the activity
of LDL receptors following changes in plasma cholesterol
induced by dietary proteia, although all the studies to
date have bheen carried out in vitro.

Chao et al, in their studies on the mechanisn
of action of the hypocholesterolemic drugs, cholestyramine
{1982) and mevinolin (1983), used rabbits made hyper-
cholestervlemic by feeding cholesterol-free, wheat-starch
casein diets, as their control animals. The in vitro
binding of LDL to the liver memhranes of these control
aninals was found to be diminished in comparison to the in
vitro binding of LDL to the liver wmembranes of normo-
cholesterolenic cholestyrawine-treated rabbits (1982),
normocholesterolenic mevinolin-treated rabbits (1983) or
normwocholesterolemic rabbits fed laboratory chow diets
reported by Kita et al (1981), Furthermore wheat-starch-

casein fed rabbits exhibited no EDTA-sensitive binding

analagous to the situation observed in hyper-
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cholesterolemic WHHL rabdits by Kita et al (1981), or 44
hypercholesteroeaic fasting rabbits by Stoudemire ot al
(1984). These studies by Chao et al. have been frequently
quoted as evidence for suppression of hepatic LDL-receptor
activity by casein. Though this is probably correct, {t
should be pointed out that as no comparison was made with
rabbits fed a plant protein diet which maintaias low
levels of plasma cholesterol, the observed effects

cannot be attributed to the protein component per se. To
date, no study has been published in which LDL receptor
activity has been directly compared in casein and soy
protein fed rabbits.

A direct comparison of the ceffects of casein
and soy protein on the activity of hepatic receptors was
reported in rats (Sirtori et al., 1984; Cohn and Nestel,
1985). In the former study, the binding of p—VLDL to the
liver membranes of casein-fed rats was found to be greatly
diminished in comparison to the binding seen to the
membranes from soy protein-fed rats. Cohn and Nestel
(1985) investigated 12SI—VLDL uptake using hepatocyte
monolayers prepared from rats fed casein ur soy protein.
The uptake and degradation of the laheled ligand was
decreased in the hepatocytes isolated from the casein-fed
rats in comparison to those iisolated from soy protein-fed
rats. However hoth of the studies used cholesterol
supplemented diets. As suggested by Cohn and M=stel

(1985), the high cholesterol content may {rself have led




T
O
L]

mg /¢! serum

S0}

b)
100

mg /¢l carum
[84]
o
]

Lipoprotenn chiglesterol

250
o LDL
~ /1 2001
!
11
{
i 150/}
" 100
(Il
1
/ 5 o1
b R q HOL
.2 ViDL
Ge--U--Y 3
BB 1 ] ol
C i 2 3 4
Time (weeks)
Lipoprotein cholesterol
100
$—3 S0r
{ -ti~--gp HOL
U‘:‘_‘H:::F\‘:’:,g..-% VLDL
- 1 i 1 ) OL_
O I 2 3 4

Time {(weeks)

Lipoprotein protein

T
Ny

-

- -

o ofheefhemmfrmmea---5 VLDL
-1 0O | 2 3 4
Time (weeks)
Lipoprotein protein
\‘-;}}\‘ET‘ |
“‘"":’”'ﬁ“-g HDL
/6——§~§/ LDL
o—8" -6 VLDL
P e et
<1 0 1 2 3 4

Time (weeks)



46
minerals and carbohydrates are known to modulate the

effects of Jdietary protein on plasma cholesterol levels
(reviewed in Carroll, 1981; Carroll, 1982; Terpstra et
al.,, 1983; Beynen et al,, 1986b, Foley et al., 1988).
However as this project was concerned with the eftects of
dietary protein and since all of the experiments reported
in this thesis used two diets (differing only in the
protein component - casein or soy protein), the effects of
non-protein dietary components will not he discussed
further.

1.4.11 Aims of this thesis,

From the preceeding sections it is clear that
although a large body of work has heen carried out in the
last few years, forwarding our understanding of how
dietary proteins mediate their effects on plasma
cholesterol levels, several important questions still
remain. These include
1) Are the elevations in plasma cholesteroul due to
enhanced production and/or diminished catabolism of rhe
lipopro-eins?

2) Is the response to dietary protein mediated hy
differences in the digestibility of the prnteins in vivo?
3) Is the response to dietary protein mediated hy a
hormonal signal?

4) What are the effects of dietary protein on receptor-

mediated 1LDL catabolism?




s
~

5) How guickly are dietary proteins able o regulate
LDL-receptor activity?

Most importaatly, what is the primary event in
dietary protein-induced hypercholesterolemia? It is still
teleologically intriguing that a diet devoid of any
cholesterol leads to such dramatic effects on plasaa
cholesterol concentrations.

This thesis describes experiments designed to
explore some of these questions and attempts to fitr the

answers into the mechanistic scheme of events in

cholesterol metaholism outlined in earlier sections.




CHAPTER 2
TIME COURSE OF THE EFFECTS OF CASEIY AXND S0Y PROTEIN
ON LIPOPROTEIN CHOLESTEROL AND PROTEIN.

2.1 INTROPUCTION

Numerous studies have shown that the
hypercholesterolemia produced in rabhits by feeding
low-fat, cholesterol-free, semipurified diets containing
casein can be prevented, if this component is ceplaced by
isolated soy r-otein {Carvroll et al. 1979; Carroll, 1982;
Gibney and Kritchevsky, 1983; Terpstra er al. 1983;. The
excess serum cholesterol in casein-fed rabbirs is carried
ma’nly in the low density lipeprotein (LDL) fraction, but
dietary casein also affects other components in all the
lipoprotein fractions (Carroll et al. 1979; Terpstra ot
al. 19e3).

Rabbits fed the soy protein diet maintain low
levels of serum cholesterol, comparable to those found in
rabbits fed natural ingredient (chow) diers. However, in
previous work from this and other lahoratories (Terpitra
and Sanchez—-Munis, 1981; Huff et al., 1982; Hrabek-Smith
and Carroll, 1987) it w..s shown that the rabhbits fed soy
protein die~s had an altered distribution of lipoprotein
cholesterol and protein, compared to chow-fed rabhits.
This difference in the lipoprotein profiles is probably
due to the higher level ¢f protein in the semipurified
diets compared to chow diets and to differences in their

overall conmposition.
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The studies reported in this chapter are 49

essentially an offshoot of these earlier studies, with
sone minor mcdifications which are a consequence of soame
points that these previous studies raised, Additionally
the results of the s-udies described in this chapter, form
the basis of the work subsequently outlined in this
thesis.

In order to analyze the time course of the
changes in the lipoproteia components associated with the
increase in serum cholesterol in casein-fad rabbits, the
levels of cholesterol and protein were measured in the
three lipoprotein fractions (VLDL, LDL and HDL) before,
during anl after transferring the rabbits from chow tc a
semipurified cascin diet, and the results were compared
with those obtained fo:r rabbits transferred frém Chow to a

semipurified soy protein aiet,

2.2 METHODS

2.2.1 Animals and Diets

Male New Zealand rabbits weighing
approximately 1,.5ky were obtained from Re ien's Fur
Ranches (Guelph, Ontarioc). The animals were individually
housed in stainless steel cages in a room with temperature
controlled arvund 20°C and a 12-h lighting cycle with
lights on from 0700-1900 h, Upon arrival the :1abbits were
randomly divided into two groups of 4 animals each and fed

fed pelle*ad Puriuna Rabbdbit Chow (Ralston Purina Co., St.




Table 2.1 Composition of the low-fat,

cholestervl-free semipurified diets

Ingredient® e/ kg
Casein (vitamin-free) ITUb —_—
Soy Pratein —— 275
Dextruse GUU 505
Celluflour 50 50
Salt Mix 4t 4y
Molasses (50% v/v) 30 30
Vitamin mixture® 2 2
Corn 0il 10 10

The vitamins, salt mixture (Philips and llart saly
mixture IV) and "vitamin-free™ cascin were abtained
ICY Life Sciences Group, Nulritioual Biochemicals
Division, Cleveland, OH. Dexblrose was ohtained frua
Tekland Test Diets, ARS/Sprapuc-Dawley Division of the
Mogul Curporation, Madison, WI. Celluflvur was {rum
Chicago Dietetic Supply lHouse, Chicapu, [L. Molasses were
obtained from a local feed mill, and curn il frum the
local supermarket. The soy protein (Supro 910) was frum
Ralstun Purina Co., St. Louis, MO.

frum

Cascin and soy protein were added in these amounts
to provide 257 (w/w) protein in the dict,

The composition of the vitamin mixture was that
published previously (Roberts et al., 1981). The water
soluble~vitamins were added at 15 mi/ky of dict. The fat-
suluble vitamins were dissolved in corn il aud added at
10 ml/kg sf diet.
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Louis, M0) for one week. Group 1 was thea givea a 2:1
(w/w) mixture of powdered Purina Chow and seaipurified
casein diet and group 2 a similar wixture of powdered
Purina Chow and semipurified soy protein diet. (The Purina
Chow wuas powdered by ygriading in a kitchen bhlender). These
mixed diets were fed for three days and the proportions
were then changed to a 1:2 mixture of powd2red Chow and
semipurified diet for the remainder of the week. This week
served ss the adaptation period. ¥Following the week of
adaptation rabbits, were fed the casein or soy proteian
diets alone for a further 4 weeks. The coaposition of the
casein and soy protein diets, used in all the studies
described in this thesis, {(Table 2.1), was identical to
those used previously. The composition of the vitamin mix
has been described by Roberts et al., {(1981);. In all cases
the diets were provided ad libitum and the rabhits had

free access tov water, Body weights were measured weekly.

2.2.2 Study designm

Blood samples were collected for analysis at
the beginning {week -1) and end of the week of adaptation
{veek 0) and weekly thercafter. For this purpose rabdbbits
were fasted overnight, They were then anesthetized with a
subcutaneous injection of Innovar, 125ul/kg body weight
(Tiliman and Norman, 1983) and bloocd was withdrawn from

the central ear artery using a 22 gauge needle. The serum

was sepsratzd by low speed ceantrifugation (1000 x , 20
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min) and the total cholesterol content determined (Zlatkis
and Zak, 1969).

Lipoproteins were isolated from serum by
sequential ultracentrifugation (Havel et al. 1955) usiang a
TiB0 rotor in a Beckman L8-80 ultracentrifuge., VLDL was
separated at a density of d<1.006 g/ml, LDL at
1.006<¢d<1.063 g/ml and HDL at 1.063<d<1.21 g/ml. Following
fsolation LDL and HDL were then dialysed against 0.15M
NaCl/1sM EDTA adjusted with Tris buffer to pH 8.6 and 8.1
respectively. In some cases the lipoproteins were subdjected
co SDS-PAGE on 12.67% separating gels (Laemmli and Favre,
1973) and stained with silver stain (Bio-Rad, Mississauga,
Ont.) Lipoprotein cholestervl was measured by the method of
Zlatkis and Zak (1969), and lipoprotein protein hy the
method of Lowry et al, (1951) as mudified by Markwell et
al. (19738).

The results given are means (+SEM) of two
different experiments on equal numbers of animals.

Statistical analysis was performed using Student's t-test.

2.3 RESULTS

The changes in hody weight and serum
cholesterol during the 5 weeks of the experiment are shown
in Table 2.2. Both groups gained weight throughout the
study period. At the =2nd of the study period the weight of

the rabbits fed casein was marginally (but statistically)

lower than the weight of the rabbits fed soy proteian. As in




previous studies the rabbits fed casein became aarkedly 54

hypercholesterolemic compared to rabbits fed soy protein,
For the rabdbits fed casein there was a

significant iancrease in serum cholesterol following the

week of adaptation (greater than two-fold). The

cholesterol increased steadily upto week three after which

there was a smaller increase. Similarly with soy protetn

fed radbits, an increase of almost two-fold was seen in

the week following the adaptation period. From the second
week onwards the serum cholesterol levels in the soy-fed
rabbits held steady. Throughout the duration of rthe study
the serum cholesterol levels in the casein-fed rabbits
were significantly higher than thetr soy-fed counterparts,
Fig. 2.1 shows the changes in lipoprotein
cholesterol and protein during the course of the
experimeant. For the rahdbits fed casein (Fig.2.1a) the
principal increase in cholesterol occurred in the 1D,
fraction. This more than douhled duriang the adaptation
period (unlike the serum cholesterol level which did not
change significantly), Following the adaptation periad
there was a steep increase in DI, cholesterol, which was
somewhat slower (rom wzeks 2-4, VLDL cholesterol rose
slowly throughout the course of feeding caseta and atr the
end of the study the VLDL levels were twenty fold higher
than at the onset. HDL cholesterol alio tended to cise hur

the percentage increase was much less than for LDI, or

VLDL,
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Fig. 2.1

Time course of the changes in lipoprotein cholesterol and
protein in rabbits fed a) casein or b) soy protein diets

Lipoproteins were isvlated cach week from the number of
rabbits indicated in the legend of Table 2.2

VLDL cholesterol and protein levels were significantly
higher in the casein group at weeks 3 and 4. LDL
cholesterol and protein levels were significantly
higherin the casein group from week "0 onwards, HDL
cholesterol levels were significantly higher in the
casein group at weck 3 and 4.

All statistical significance was p<0,05,
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The rabbirs fed soy protein showed similar
trends (Fig 2.1b) although the absolute levels of
lipoprotein cholesterol were much lower than in the
corresponding group fed casein. LDL cholesterol rose
two-fold during the first week on diet. Following this
time period, LDL cholesterol levels did not change
significantly over the remainder of the study. VLDL
cholesterol levels rose steadily throughout and were three
fold higher at the end of 4 weeks compared to their levels
at the heginning of the study. HDL cholesterol levels
fluctuated from week to week and showed relatively little
change overall,

At the onset of the study HDL was the
principal transporter of lipoprotein cholesterol (week
-1). However from the earliest time that the semipurified
diets were fed (adaptation period) LDL became the
principal transporter of lipoprotein cholesterol {week 0)
irrespective of the protein source in the diet.

The correspoading changes in lipoprotein
protein are also shown in Fig. 2.la and Fig.2.1lbh. For
rabbits fed casein (Fig.2.la) LDL protein levels hegan to
rise during the adaptation period and rose steeply in the
first week after the adaptation period. From weeks 1-4 LDL
protein levels did not change significantly so that the

rabbits were in a steady state with respect to serum LDL

protein concentrations, These changes in LDL protein were

S7
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accompanied by opposite changes in HDL protein. At the end
of the experimental period HDL protein levels had dropped
almost twe fold,

For the rabbits fed soy protein (Fig.2.1lb),
similar trends were observed with HDL and LDL proteia
levels except that the changes were less pronounced. As a
consequence LDL protein levels remained lower than HDL
protein levels at all time points, As with their casein
counterparts the rabbits fed soy protein also reached a
steady concentration of LDL protein since this was
unaltered after the first week. In both dietary groups
there were uwodest increases in VLDL protein over the time
period that the diets were fed,

As with lipoprotein cholesterol levels, the
bulk of the lipoprotein protein was in the HDL fraction at
the onset of the study (week -1). However upon introduction
of dietary casein, the majority of the lipoprotein protein
was found in LDL. In contrast in rabbits fed soy protein,
HDL contained the majority of the lipoprotein protein

In rabbits fed casein, the combined effects
on lipoprotein cholesterol and protein resulted in the
production of particles enriched in cholestaerol relative
to protein, This occurred in all lipoprotein fractions but
the percentage increase was greater in VLDL and HDL (Table
2.3)+ The changes in rabbits fed soy protein were smaller.
As a result the C/P ratio was significantly higher in HDL

of caseln-fed rabbits at week 1, and in all lipoprotein
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fractions from week 2 onwards, However, whereas the
increase in the C/P rativo of VLDL and LDL in caseln-fed
rabbits was due to increased cholesterol in these
lipoproteia fractions, the increase ia the C/P ratio of
HDL was attributable to a decrease in the proteia coanteant

of this fraction.

2.4 DISCUSSION

These studies confirm the ecarlier observation

(Hrabek-Smith and Carroll, 1987) that HDL countains the
highest proportion of cholesterol in chow~-fed rabbits,
whereas rabbits fed semipurified diets contatning either
casein or soy protein have most of their cholesterol ian
LDL (Fig.2.1). Also in the previous report ir wan shown
that rabbits on semipurified diets, for a period of 6-3
weeks, had elevated LDL protein levels and decreased HDL
protein in comparison to rahbbits maintained on Chow diets,
The results from the cursent studies show that these
changes in LDL and HDL protein occurr within the first
week that the rabbits are fe the semipurified diers
(Fig.2.1), and that over the duration that the diets were
fed, LDL and HDL protein changed in opposite directions in
both dietary groups., The casein diet produced a greater
increase in LDL protein than the soy protein diet =10 that
LDL protein exceeded HDL protein in cagsein-fed rabhityg hur

remained lower than HDL protein fn thosgse fed soy protein,

The rapid change ia LDI. cholesterol in these
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experiunents is essentially in agreement with the findings

of Terpstra and Sanchez-Munis (1981). However from the
results of the experiwments described in this Chapter it can
be sean that for casein-fed rabbits there was a decrease in
HBL protein and a large increase in LDL protein whereas
Terpstra and San:hez-Munis reported an jincrease in HDL
protein and a much smaller increase in LDL protein. Tt
seems probable that these differences are related to
differences in the composition of the semipurified diets.
Those used by Terpstra and Sanchez-Munis contained a higher
content of fat (14.8% v. 1%), and a lower content of
protein (20% v. 277) compared to the diets used in the
current studies,

Additionally, there were other differences
hetwean the two experimental protocols. Terpstra and
Sanchez-Munis used pelleted semipurified diets restricted
to 100g/day (which gave similar growth rates ian the two
dietary groups, whereas in this study the growth rate was
marginally higher in the rabbits fed soy protein). The
differential in hody weights between the casein and soy
protein-fed rabbits, in this study, is unlikely to have
affecced the levels of serum cholesterol since previous
studies have shown no correlation between weight gain and
serum cholesterol levels in rabbits fed various

gsemipurified diets (Hamilton and Carroll, 19763 Huff et

al., 1977). Also, since in this study the feed coasumption
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of the rabbits was not monitored, it is not possible to

decipher whether the differential (n body weights was due

‘ to less food consumption by the casein group, or whether
the rahbits oun the casein diet were less feed efficlent.

‘ (It should also be stated here that of all the studies

‘ desc ribed in this thesis, the ones describhed in this
chanter are the only ones in «hich a differeatial in hody
weight wus observed. In all subseguenc results discussoed,

‘ csein and soy protein fed rabbits had cowparable bhody
weights).

In the study by Terpstra and Sanchez-Munis (19381)

‘ rabbits were transferred from Chow tu the scemipurified
diets without an adaptation period, and fo'lowing the
collection of non-fasting bhlead samples lipoproteins were

‘ separated by discontinuous ultraceatrifugation which nay
have resulted in the contamination of HNDL with other serum
proteins e.3. albumin. TIn these studies SDS-PAGE of IQPg

HDL followed by silver staining showe?, negligible

contamination with albumin.,

The elevation in LDL cholesterol and protein in
rabbits fed casein may be due to impaired LDI. removal
and/or increased synthesis. The increase in LDI,
cholesterol and protein in these experiments occurred
earlier and were more pronounced than those in VDI,
(Fig.2.1). Scholz et al (1982) alsgn ovhscerved that LDI,
chnlesterol and p.-otein increagsed first, in rabbhirs

transferred from a soy protein semipurified diet to ovne
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containing casein This suggests that the rise in LUL
levels is due to iapaired reacval.

These studies also showed that the cholesterol
to protein ratio ia the different lipoprotein fractions
was ccnsistently higher in casein-"ed rabbits compared to
those fed soy protein (Table 2.3), An increased ratio was
also observed in scme lipogrotein fractions of casein-fed
rabbits by Terpstra and Sanchez-Munis (1981), and by
Scholz et al (1982),

The decrease in HDL protein observed in these
experigents when rabbits were switched from chow to
senipurified dicts is of interest bhecause it has now heen
cstabhlished by experiuwents in rabbits, that HDL plays a
key role ia reverse cholesterol traaspourt, in vivo,
wherehy cholesterol is transported from the peripheral
tissues to the liver, (via HUDL), for degradation {(Miller
et al, 1985). The fact that HDL protein decreased in these
experiments and not those of Terpstra and Sanchez-Munis
(1981), may te related to some of the differences in
dietary conposition aad experimental protocol already
discussed,

In summary, the results presented in this
Chapter show that,
1) Rabbits Fed casein develop marked increases in serunm

cholesterol compared to rabbits “ed soy protein

2) This increas . {s characterized by elevations in 1D,




64

protein and cholesterol

3) The increases are particularly proanvunced over the
€irst two week that casein is fed

4) Subsequent to the initial rapid increase in LD protein
levels in casein-fed rabbits, the LD, (VLDL aad UDLDY
protein levels remain stable

5) Casein feeding results in increased CF/P ratios of the
lipoprotein fractioans

6) The increase in C/P ratio of HDL is due to a deccease
in HDL protein levels

These results fora the platform for the

cxperimeats to be described in the following chaprers.
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CHAPTER 3

TAE TURNOVER OF VLDL AND LDL APOLIPCPROTEIN B
IN RABBITS FED SEMIPURIFIED DIETS CONTAINING
CASEIN OR SOY PROTEIN

3.1 INTRODUCTION

The previous chapter showed the resualts of
studies which looked at the time course of casein-induced
nypercholesterolenia. The excess cholesterol in the serum
of casein fed rabbits accumulated principally in the LDL
fraction. This accumulation of LDL cholesterol could
result from e@ither increased production of LDL, decreased
clearance of LDL or 3 combination of both. To address this
question turnover studies are reported in this chapter.

In previous studies in this laboratory

(Roberts et al, 1981), 125

125

[-labeled VLIL and

I-labeled IDL were shown to turn over wore rapidly

in rabdbits fed soy protein compared to rabbits fed casein.
In these studies the metabolism of whole VLDL and IDL was
followed and no attempts were made to characterise the
fate of individual liponrotein apoproteins. It is known
that newly synthesised triglyceride (Havel 1961) and
cholesterol enter plasma with VLDPL particles that contain
apolipoprotetu B (Hamilton, 1972; Windmueller et al, 1973)

Following the action of lipoprotein lipase (Havel et al.

1970) triglyceride is removed along with the small

85
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molecular weight apolipoprotein Cs, which enriches the
particles in estericied chulestercl, leadiag to the
formation of swaller IDL and subseyueatly LD particles
(Eisennerg et al, 1973).

Ghiselli (1982) showed that in rabdbirs on
coamercial diet, VLDL apo B is cleared from plasaa mafaly
in INL. He also showed that amore than 80% of the LDL apo R
plasma pool was derived from INl-apc B whereas 207 was
synthesized independently.

In order to understiand the mechanism
underlying the elevation of plasma cholesterol in
casein~-fed rabbits, the kinetics of VLDPL, IPL and LDL apo
B metabolisnm were studied following the simulrtancous

£ 125¢_vipr ana 131

injection o [-LDL. Studies of

apo B provide tasight into lipoproteian actabolism hecause
apo B stays with the VLDI particle during its sequeatial
delipidation to IDL and then to LDL. The results of these

studies are reported in this chapter.

3.2 MATERIALS AND METHODS

3.2.1 Animals and Diets

Young male New Zealand white rabhbits (stacting
weight 1.5kg) were "sed, They were fed caseia or soy
protein diets for 6-9 weceks following a one-week adaptation
period,

3.2.2 Isolation and iodination of lipoproteins

Following a 12h overntight fasrt, hlood was




collected fruam the aaryginal ear vein of unanesthetised
rahbity into FEDTA-coated vacutainers (Becton-Dicksocan,
Mississauga, Ontario) that were kept on ice. Plasma was
prepared by low speed centrifugation (1500 x g). Sodiua
azide solution (10X w/v) wvas added to the plasnma (lOpl/nl
plasaa).

Lipoproteins, VLDL (d ¢ 1.006 g/al) and LDI
(1.019<¢d<1.063 g/al) were isolated by sequential
ultracentrifugation (Havel et al., 1955) in a Ti 50 rotor
at 40,000 rpa, 15°C. Each isolated lipoprotein was
recentrifuged once at its optimal density, LDL was dialysed
at 4°C against 0.15M NaCl/laM EDTA, pH 7.4 for 23h.

125 131
a

N I and Na I vwere obtained from

Amersham (OQakville, Ontario). VLDL was radiolabeled with

NalZ'i

I by a modification (Fidge and Poulis, 1974) of

the Mcfarlane method (McFarlane, 1953). Briefly, VLDL was
eguilibrated to pH 10 with 0.4M glycine-NaOH by passage
through a small column of Sephadex G-50 (0.5 x 15cun).
Following ifodination the VLDL was passed through a second
Sephadex G-50 column equilibrated with 0.15M NaCl/LlanM EDTA,
plt 7.4. The laheled lipoprotein was then exhaustively
dialysed against 0,15M NaCl/laM EDTA pH 7.4, to remove frec
iodine, The labeled VLDL was sterilised by passage through
a 0.45p3 Millex-HA filter and gentamycin sulphate (lpg/ml)
was added. LDL was treated in identical fashion except that

the {odination was carried out using Nalalt. Within 36h
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Table 3.1 Intramolccular distribution of radiocactivity
in 1257 vipL and '3lI-LDL isolated from

rabbits fed cascin or soy protein diets

Label 12%; _vLpt LALEP RS

(Percent of total radivactivity)
y

Cascin

Protein 93+¢1 Y6H+2
Lipid 6+1 RER
Free iodine 241 241
Apo B 7447 Y1+

S0y protein

Protein 89.+3 V542
Lipid ¢l 240,01
Free ivdine 241 1+0.2
Apu B 67+3 9542

Fach value is the meantSEM (n=1)




uf iodination, labeled lipoproteins were reianjected into
recipient rabbits.

The intramolecular distribution of
radioactivity was deterained on small aliguots of the
labeled lipoproteias to which 5% (w/v) BSA was added. The
free iodine content was deterained on the supernatant
following precipitation with TCA (5% final concentration)
(Fidge and Poulis, 1974). The TCA pellet was then
delipidated with diethyl ether/ethanol 3:1 v/v (Scanu and
Fdelstein, 1971) and radicactivity was determined in the
pcllet and the supernatant after drying under nitrogen. The
supernatant radioactivity was used as a measure of lipid
radioactivity, whilst the radioactivity of the delipidated
TCA pellet gave the percentage of the label in proteia. To
determine apo B radivactivity, cold carrier LDL (20ng) was
added to aliguots of the labels and the samples adjusted to
lnl with saline. laml of isopropanol was added and the
samples left overnight (Egusa et al., 1983). Apo B was
pelleted by centrifugation, and its content of radioiodine
deternined. The intramolecular distribution of
IZSI-VLDL and 13II-LDI., shown in Tabhle 3.1, was

similar in the two groups.

3.2.3 Protocol for Kinetic studies

Potassium iodide was added to the drinking
water of each rabbit (0.13/100m1l, [Roth et al., 1983]) one

day before Injection of the trecer, and during the two days
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that blood samples were taken following injection of the 70
tracer

Following a 12h overaight fast,
unanesthetised rabbits were injected simultaneously with
3-8pCi of 1¥31-VLDL apo B and 1-2pci of Plroion
apo B iato the marginal ear vein using a 23 gauge
butterfly needle attached to a 2-way stopcock,., lamediately
afterwards the cannula was flushed with 2-3 als of PRS,
There were 6 turuover studies, 3 for each group. Tn each
of the first 5 studies (3 soy protein and 2 casein) 3
rahbits were used, wvhereas in the final study (casein) 2
rabbits were used, Although the amounts injected in the 6
studies were within the range given above, in any one
study, each of the rahbhits was injected with the saae
amounts of the tracer.

Followiay injection of label, 4-5 ml hluod
saaples were obtained at %ain, 20min, 40min, 1, 2, 3, 4,
6, 8, 12, 24, and 48Bh postinjection from the marginal velin
of the opprosite ear frou cach rabhhit, To decrease the
contribution of ' “est.-:aliy synthesized VLDL apo B,
rabbits were not fed until after collection of the 12h
blood sample. They were then allowed access to thelir diery
for 4h and fasted for a furthter 8h prior to collection of
the 24h blood sample. Following the 24h sample, rabhits
were fed, and were fasted overnight prior to collection of

the last hlood sample. This procedure resulted in constant

voncentrationy of apo B in the various lipoprotein



fractions. The mean coefficient of variation over the
course of the experiment was 11X (range 5% to 16%) for
Vi.DL, 4% (range 2% to 6%) for IDL and 2% (raage 1X to 4%)
for LDL. There were no consistent differences betwveen
dietary groups. Rabbits had access to their drirking water
throughout the study.

Blood samples were collected into EDTA-coated
vacutainers and kept on ice until isolation of plasma.
Followiny separation of plasma, aliquots of the 5ain sample
were taken and the radioactivity in apo B deterained
(Yanada et al., 1986). For this purpose 200pg of cold LDL
was added to duplicate SOpl aliquots of the plasma samples.
The volumes were adjusted to 750pl with saliae. 750p1 of
isupropanol was added and the samples left for lh at roon
temperature. The samples were then centrifuged at 10,000
rpm for 15 wmin and the pellet radiocactivity was measured.

The dose of 12ﬁI—apo B and 131

I-apo B injected was
then calculated by wmultiplying the apo B radioactivity by
the plasma volume, taken as 32.8 mls/kg body weight (Roth
et al., 1983). The assumption was made that there was
similar metabolism of apo B within the first 5 minutes in
each dietary group.

For each of the 12 time points, equal
volumes of plasma were pooled from 3 animals (5 studies)

or 2 animals (1 study). Four to six mls of plasma were

used for the isolation of VLDL, IDIL (1.006<d<1.019 g/ml)
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and LDL in a Ti 50 rotor at 30,000 rpm, 15°C. The
lipoproteins were recentrifuged once at their ovptimal
densities. (DL and LDL were dialysed agaiast 3.15M XNaCl,
laM EDTA pH 7.4 for z5h,

The protein coantent of each lipoprotela was
determined by Markwell's modificatioa (Markwell et al.,
1973) of the Lowry method (Lowry et al., 1951).

3.2.4 Determination of lipoprotein apo R concentrations
and specific activities

Duplicate aliquots of each lipoprotein
fraction (50-200pg) were adjusted to 1 or 1.5al with
saline, An equal volunme of i1sopropanol was added whilsr
vortexing. The samples were left overunight at roca
temnperature and apo B was pelleted by centrifugation (1000
x g) for 30mirn. The sepernatant was removed leaving behind
the last 500pl above the pellet. The protein conceat of the
supernatant was determined., The difference hetween this
value and the initial protein was used as a measure of apo
B concentration (Fgusa et al,, 1983),

The pellet from the first centrifugatriona,
above, was then processed for specific activiry
measurements (Huff et al,, 1985), The pellet was washed
twice with 2 ml of isopropanol/water (1/1 v/v), once wirth 3
ml of isopropanol and finally with 3 nl of delionised water,
Fach time 500pl was left above the pellet. After the
final wash, 125p1 of 2M NaOH was added. The radioacrivity

in the pellets was then determined. The pellets were then



left to incubate at 37°C. For VLDL and IDL the

incubation period was 24h whereas for LDL it was 48h. After
this, the protein content of the pellets was deteramined
(Markwell et al. 1978) except that NaOH was omitted from

the Lowry reagent.

3.2.5 Analysis of Kinetic parameters

The specific activity time curves of VLDL and
LDL apo B plotted semi-logarithmically were biexponentiai.
They were analysed by the two-pool model of Gurpide et al
(1964) [Fig. 3.1]. The kinetic paramzters gave values for
the mass of apo B in pool A, the irreversible fractional
catabolic rate frou pool A and che production of apo B in
pool A. The latter, by definition, represents input of apo
B exclusively into the larger metabolic compartuent (pool
A) and excludes any apo B that recycles bhetween the two
pools.,

The use of the Gurpide model for the study of
apoprotein B kinetics has been discussed by previous
workers (Reardon et al., 1978; UHuff et al., 1981; Reardon
and Steiner, 1982;) and will not be discussed further at
this stage.

The 125I-apo B specific activity curves
for VLDL, TDL and LDL were compsred and examined for
vrecursor-product relationships between the three

lipoprotein fractions, The criteria for precursor-product

relationships have been described hy Zilversmit (1960),
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Fig. 3.1

Calculatioun of the kinetic parameters for a Two pool system

R
1. Pool Size (HA) = A
Ca v Oy
2. Irreversible FCR (kh) = .:511_‘
Kna

where kBA = -kBB and kBB - = = ¥ 1# +knh)

- M, C, =l C
and k. = aa ~ a5
AA
RA
R,q
3. Production rate (PRA) = ___‘__Ji‘fl_
d(ﬁ!*'ﬁch
Where R = Duse injected into puul A

CA = Time zerov intercept of fast phase

Cn = Time zero intercepl ol slow phase

A
1}

Slupe of fast phase

P = Slope of slow phase

(frum Gurpide et al., 1964; Huff et al., 1981)



Briefly, these state that followiag injection of a labeled
precursor, label aust appear in the product and the peak of
the product's specific activity time curve amust not occur
before the time at which the precursor and product specific
activity time curves cross each other. Despite the fact
that VLDL apo B can be heterogeneous with respect to its
1ipid and apoprotein content it was assumed that all
possible subpopulations were isolated for labeling and that
the initial injected radioactivity is prouportional to the
apo B mass in each suhpopulation.

Additionally, the area under the specific
activity curve was calculated as described by Goldberg et
al (1983). This procedure, which does not require a
knowledge of the time at which peak LDL apo B specific
activity is reached, involves calculation of a dilution
factor (DF) which estimates the extent to which the LDL apo
B specific activity curve is diluted by the direct
synthesis of unlabeled LDL apo B.

3.2.9 Other analyses

Plasma cholesterol and triglyceride
concentrations, lipoprotein cholesterol and triglyceride
conc2ntrations were measured enzymatically using kits
obtained from Roehringer-Mannhein (Montreal, Quehec);
CHOD-PAP and GPO-PAP for cholesterol and triglyceride
respectively.

Statistical analyses was performed using

Student's t-test.
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Table 3.2 Body weights and plasma lipid conceantrations

in rabbits fed cascin or soy protein dicts

Body weight Cholesterol Triglycerides
(kg) (ug/dl plasma)
Casein 2.8+0.2 29131 Q748
Soy protein 2.9+0,2 8649 IRWAY
p<o.,.05

The values given are the meanstSEM of 8 and 9 vabbits
fed casein and soy protein diets, respectively.

For cach rabbit, the chelesterol and Lriglyceride values
are the weans obtained at 5 min, 24h and 48k in Lhe
experiment. (The cholesterol values for these tiwe puints
were 306440, 279430, 287+25 and 8049, 8844 and 9011
rubpbctlvely for Lhu rabbbits fed casein and s0y protein)
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3.3 RESULTS

3.3.1 Body w~ights and Plassa lipid concentrations

Body weights, plasma chulesterol and
triglyceride conceatraticns for the two dietary groups,
are shown in Table 3.2, Rody weights and plasma
triglyceride concentrations were siailar hetween the two
groups. The casein-fed rabbits had a greater than
three-fold elevation in plasma cholesterovl compared to

rabbits fed soy protein.

3.3.2 Lipoprotein lipid and protein concentrations

The lipoprotein lipid and protein profiles
in the two experimental groups are shown ia Table 3.3, Ta
the casein-fed rabbits, all three lipoprotein fractions
were significantly eariched in cholesterol compared to the
group fed soy protein. Most of the lncrsase in plasma
cholesterol was associated with LDI,. RBoth groups had
conparable lipoprotein triglyceride disteibutions, The
proteia content of VILDI, and TDI, was higher in the
casein-fed group but these values were not statistically
significant, The ILDI, protein concentration was 4~fold
higher ‘n the casecin-fed crabhits, The percentage of LDL
protein that was in apo B was also significantly higher in
the casein group., Plasma cholesterol and Tipoproteln apo B
concentrations did not change over the 48h of the
experiment consistent with the animals heing in a steady

state,




Diet Expl Vi.DL IDL LDL
Cholesterol®
Casein 1 60 30 136
2 42 30 98
3 66 62 158
567" 43110 131+17
Suy !'rutein 1 14 6 20
2 i3 7} i9
3 11 9 29
1341 7+1 2313
p<l.01 p<0.GS p<0.01
Triglyccridcs“
Casceln 1 34 18 38
2 30 18 30
3 22 10 22
7943 153 3045
Soy Protein 1 40 10 20
2 40 6 10
3 24 10 14
3545 941 1543
Protein” and [Zapo B]S
Cascin 1 18 (42] 14 (70] 88 [89]
2 22 [40] 14 [75] 100 (91]
3 22 [47] 18 [79] 76 [(88]
2141 4342 151 7543 88+7 89+4
Soy Protein 1 20 [(311] 5 {75] 19 (721
2 15 [39] 11 [80] 24 [81]
3 12 (31] 6 (71} 19 [64]
1642 3443 7+2 7543 212 7944

- —n wn - e es e e

- e m e W s e

S i ) i - —

p<0.001 p<0.02
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Table 3.3

Lipid and protein profiles of the lipoproteins in rabdits
fed diets containing cascin or soy protein

a apg/dl plasaa; b Means dSEM; “ 2 of 1lpupretein protein
in apo R,

In cach experiment, lipoproteias were isolated from the
pooled plasma of 3 rabbits, except for cascein experiment
#3, in wihich lipoproteius were isolated frowm the poeled
plasma of 2 rabbits.

For cach experiment, the cholesteroel and trigiyeeride
values are the mean of the values obtaiaed on the Samia,
24h aad 48h lipoprotein samples.

For cach experimcat, the proteian aand Sapo B vaiues are the
maeans of the values ohtained on cacli of the

12 lipuprotein
sauples (Gmin up to 48h).
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3.3.3 Precursor-product relationships between
lipoproteins following injection of radiolabeled

VLDI. apo R

The specific coctivities of lzst-labeled
apolipoprotein B in the different lipoproteian fractioas
over 48h following injection of IZSI—VLDL, plotted oa
a seai-log scale, for the first casein and soy protein
experiments are shown in Fig. 3.2. Inspection of Fig. 3.2
for precursor-product relationships betweea the three
lipoprotein fractions, shows that the LDL apo W spe_ific
activity peaks hefore it approaches the IDL apo B curve
(its immediate precursor) in both dietary groups. Yan none
of the casein studies did the LDL apo B specific activity
curve intersect the IDL apo B specific activity curve over
the 48h of the experiment. This is consistent with the
interpretation that a large proportion of ILDIL apo B is
synthesized directly, independent of the VLDL/IDL apo b
cascade,

By application of the Zilversanit criteria
the ratio of peak LDI apo B specific activity/corresponding
TPl apo B specific activity, was calculated. This ratio was
significantly lower for the casein group compared tu the
soy protein group (0.045+0.007 vs. 0,.3140.009,
p<0.001), indicative of the fact that a significantly
higher proportion of LDL apo B synthesis in casein-fed
raboits occurs independent of VLDL and IDI, cataholisnm
(95342 vs, 67342, p<0.001). The direct input of LD},

independent of VLDIL was also calculated by the procedure of
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Fig.3.2
Specific activity of apo B in VLDL, YDL and LDL following

125,

the intravenvus injection of homologous -VLDL into

rabhits fed diets containing a) casein or b) soy protein




Table 3.4 Kinctic paramecters of 125¢ _vio1 apo B.

Diet Exp# | Fia 'R
(agiky) (povlsiday) (g kg /day)
Casein
1 9.5 5.04 12.9
2 12.6 3.12 9.1
3 5.2 2.88 14.4
8.0+2.0° 3.68+0.68 28.8+7.4

- - — . - - - . - — - .- .

Suy Protein

1 3.5 .75 .7

2 4.1 6,00 4.2

3 4.9 5.04 25.7
4.8+0.3 5.€0£0.29 20.9+2.4

- - D s kL

0.05<p20, 10

PRSP D R T S Py

- - e —— —

2 MeanzSEM

Lipoproteins were isolated frum the pooled plasea of 7
rabbits, except four casein experiment #3, ian which taey
were isolated from the pouled plasma of 2 rabbits.

o

¥ is the mass in poul A. FCR is the irveversible
fractional catabulic rate (K,) frowm poel A aad PR

is the production rate (or ffux) in pool A as defined
by Gurpide ct al., (1964%).




Soldhery et al. (1983). This also showed that a higher 84

proportinn of LDL apo B is syathesized directly ia
casein-fed rahbits in compariscn to the group fed soy

yrotein (93%4+2 vs. 63%+2; »<0.001).

3.3.4 Kinetic parameters of lzéI-VLDL apo B

metaboliisa —

Kinetic parameters of VLDL apo B metabolism
talculated from the VLDL apo B specific activity curve are
listed in Table 3.4. The mean pool si.e of VLDL apo B
tended to be higher in the casein group bhut this did unot
reach statistical significance, The production rate of VLDL
apo B was similar Cor the two dietary groups. The mean
frauctional catabolic rate of VLDL apo B was lower in the
group €ed casein compared to the group fed soy protein.
This is illustrated in Fig. 3.3 which shows the decline in
VLDL apo B specific activity with the Sain specific
activity taken as 100X and subseyuent values adjusted to
this initial value. The decline in VLDL apo B specific
activity is more rapid ian the soy protein group coampared to
the grouap fed casein.

3.3.5 Kinetic parameters of léli—LDL apo B

metabolism

Fig 3.4 shows the curves of 131[—[.!)]. apo

B specific activity from the same animals, which show a

slower rate of decline in the casein-fed rabhbits compared
to those fed soy pretein, From the absolute values of the
131

[-IDI. apo B specific activities, the kinetic

parameters tor LD! apo B metabolism were calculated and are
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Fig.3.3
Decline in VLDL apo B specific activity (as a percentage
of the 5min value) following the intravenous injectiom of

homu lugous 125I

~-VLDL. into rabbits fed casein (@—-@) or soy
protein (O---0).

Fach value is tiwe mean+SEM from 3 experimeants.
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Fig.3.4

Declivne in LDL apo B specific activity (as apercentage of
the Smin value) following the intravenous injection of
homologous 131I--l.Dl. into rabbits fed casein (@——@) or soy
protein (0---0).

Each value is the meantSEM from 3 cxperiments.




Table 3.5 Kinetic parameters of 1311—LDL apoe B,

Diet Exp# M FCR PR
{mpg/lkg) (pools/fday) (ap/kg/day)
Casein
1 33 0.84 27.8
2 35 1.01 I5.3
3 21 0.58 12.0
30+5% 0.81 1+0.13 25.046.9

- —— —— i e — o —— . - . —

Soy Protein

1 3 2.06 6.7

2 5 2.18 11.0

3 7 1.54 10.8
S5+1 1.93 +0.20 9.5 +l.4
p<0.01 p<n.01 06.05<p<0. 10

2 Mean+SEM

See legend to Table 3.4




shown ir Table 3.5. In agreement with the slowver decline ia
1‘ul—l.DI. apo B specific activity in casein-fed rabbits,
the mean fractional catabolic rate of LDL apo B was
significantly lower in the casein group. The production
rate of LDL apo B was increased 2.5-fold in rabbits fed
casein although this was significant only at 0.05¢p<0.10.
The combhination of increased LDL apo B production and
decreased FCR resulted in a 6-fold increase in the LDL apo

B pool size in casein-fed rahbits compared to the group fed

soy protein.

3.4 DISCUSSION

Earlier studies in rabbits (Roberts et al.,
1981) showed that the loss of radioactivity from the plasama

lzs[-lahe]ed VLDI, was faster when

after injection of
the dietary proteia was soy protein in comparison to
casein. In studies with rats fed soy protein plus
cholesterol, the fractional catabolic rate of VLDL
apolipoprutein B was increased although its production rate
was not affected (Cohn et al., 1984) compared to rats fed
casein plus cholesterol, When soy protein was subhstituted
for meat und dairy protein in the diets of
hypercholesterolenic men (Huff et al., 1984) the turnover
of VLDL apolipoprotein B vas increased. Despite siamilar
pool sizes of VLDL apolipoprotein R, the fractional

catabolic rate was higher in subje.%s on the experiwmental

diets, and in four of the five subjects the production rate
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of apolipoprotein B was also higher.

The results presented in this section are
consistent with the above observations. There was no
statistical difference in VLDL pool size but the fractional
catabolic rate of VLDL apo B tended to be aigher in
soy protein-fed rabdbits compared to casein-fed rabbits
(0.05<¢p<0.10). The results for LDL apo B were wmore
dramatic. L.DL apo B synthesis was increased 2,5-fold
(0.05¢p<D.10) and the efficiency with which this was
removed, the FCR, was decreased almost 3-fold (p<d.01) in
casein-fed rabbits compared to the group fed soy protein,
This resulted in a 6-fold elevation of the LDL apo B pool
size (p<0.01) in the caseia group. The removal of laheled
LDL from the plasma of casein-fed rabbits has also heen
studied by Chao's group (Chao et al., 1982; 1983), hut in
their studies the couparisons were wnade with rabbits fed
casein supplemented with cholestyramine or mevinolin
respectively, whereas in the studies reported in rhis
section LDL metabolisa has been studied with reference to
the dietary protein component,

The decrease i{n the efficiency with which LDL
apo B is removedl is consistent witn down regulation of LDL
receptors. However, it should be pointed out that the FCR
per se is a measure of both receptor-dependent and
receptor-independent cataboulism.

The direct production of I.DI. apo B ouhserved

in these studies in bhoth dietary groups has also been
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reported in normal rabdits fed chow diets (Kushwaha and
Hazzard, 1978; Ghisseli, 1982; La Ville et al,, 198%),
miniature pigs (Huff and Telford, 1985), Cynomologous
monkeys (Goldberg et al., 1983), rats (Faergeman et al.,
1975; Fidge and Poulis, 1975) and humans with familial
hypercholesterolemia (Janus et al., 1980) or dietary
hypercholesterolemia (Kesaniemi et al,, 1981). However in
rahbits fed chow diets, Ghisseli (1982) found that only 20%
of LDL apo B could be accounted for by direct production,
vhereas in these studies the values were 65X and 95%
for the soy protein and casein-fed rabbits respectively.

The physiological significance of the direct
production of LDL apoe B has been the subject of much
debate, 1t has been argued that some newly synthesized LDL
apo B passes through a small VLDL-like precursor pool with
a high production rate and is conseyuently not traced by
the injected tracer (Huff and Telford, 1985).
Alternatively, newly secreted VLDL may be rapidly converted
to LDL sach that a large proportion of apo B secreted
initially us a component of VLDL, loses the bulk of its
triglycertides and appears in the LDL density range prior to
entering the circulation (Goldberg et al,, 1983; Huff and
Telford, 1985). The direct synthesis of I,DL particles, rich
in cholesterol esters and poor in triglycerides, has been
shown tu occur in experiwents with perfused rabbit livers

(Chao et al,, 1986). In those studies it was shown that the
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perfused livers of casein-fed rabbits had an eight-fold
increase in the syanthesis and secretion of LDL compared to
perfused livers fruam chov-fed rabbits. The authors
concluded that the LDL was directly secreted by the liver
and was not the cataholic product of VLDL. Therefore the
increased direct synthesis of LDL apo B in caseia-fed
rabbits compared to soy-proteia fed rabbits (p<0.001)
suggest that in addition to the decreased FCR in casein-fed
rabbits. the direct syanthesis of L.DL apo B maybe a major
factor responsihble for the elevated pool size of LDL apo R
in these aniaals. Tt is possible that the iacreased conteat
of liver cholestero. in casein-fed rahbits (HufC and
Carroll, 1980) results in iacreased secretion of
cholesterol-rich LDL like lipoproteins directly iato the
circulation.

In summary, the results of the studies
reported in this chapter show that, casein-induced
hypercholesterolemia is associated with
1) Decrease’ production of LDL apo B from VLDL apo B
2) Decreased cffictency of reamoval of LDL apo B
3) Increas=ad production of LD! apo B frum sources other
than VLDL apo B catabolism (f.e. tncreased direct synthesis
of LDL apo R)

4) An elevated pool size of I.DL apo R
5) A tendency for decreased efficliency of removal of VIL.DI,
apo B

6) A tendency for an elevated pool size of VLDIL apo B.




CHAPTER &
FURTHER STUDIES ON THE
METABOLISM OF LDL APC LIPOPROTEIN B

&.1 INTRODUCTION

The previuos chapter presented the
results of studies which showed that the hyper-
cholesterolemia in casein~-fed rabbits was associated with
increased production of LDL apo B firom sources other than
VLDL catabolism, decreased efficiency of removal of LDL
apo B and a teadency for increase! production of LDL apo
B. Thus it may be that as the amount of lipoproteins
synthesised increases the efficiency with which they are
catabolised, and subseiuently removed from the
circulation, decreases. This combination of increased
synthesis and decreased removal (FCR) results in the
elevation in lipoprotein apo B pools in casein-fed rabbits
relative to the pools in rabbits fed soy protein. The
results were consistent with impaired LDL-receptor
activity,

The studies on lipoprotein turnover were
carried out with homologous tracers, and therefore give no
tnformation as to whether the differences observed may be
due to differences in the lipoprotein particles. In
other words are there differences in the LUL of casein and
soy-protein fed rabbits which are themselves responsible

for the observed differences in turnover rartes? If for
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exaapl? the native LDL in casein-fed radbits was
structurally dissimilar to the native LDL ia soj-protein
fed rabbits, this itself may be resposible for the altered
rates of turnovei,

In previous studies by Roherts ot al,
(198i), it was shown that the turunover of 125[—VLDL

ang 123

I-TDL was infiluenced by the diet fed to the
rabdbits that was usad for the isolation (and s hsejguentr
iodination) of the tracer. In general, VLDL or 1D
isolated from soy protein fed rahbits turned over more
capidly than that isolated frum casein-fed rabbits,
regardless of whether the recipient aniwmals were fed
casein or soy protein. Since whole lipupretein turnover
was gtudied in these experiments the results could have
heen due to differences in apo B or any of the soluble
apoproteins (apo C's or upo E).

In considering LD metabolism, attention has
to be paid to two distinct cartaholic pathways. Mne of
these involves a receptor-nmediated, high affinity process
originally characterized in cultured human fibroblasts hy
Guldstein and Brown (1977), The other is a low affintiry
receptor-independent pathway thought to invelve scaveanger
cells, bulk fluid endocytosis and absurptive endoucytosis
(Goldstein and Brown, 1977; Miller et al,., 1974; fioldsteln
and Brown, 1978). The two prucesses caa he distinguished,

in vivo, by usiag labheled I.DI. and labeled LDI. that has




been reductively methylated. The former is cleared by both

processes, vheceas the latter, unable to bind the receptor
is cleared %y the receptor-iadependeat route. The
difference, is therefore, a measure of receptor-depeadent
cataholisnm.

The present chapter describes experiments
carried out to investigate
a) the effect of LDL particle composition on LDL
metaholism in rabbits fed the different diets (Study 1),
b) the effects of the different diets on receptor-mediated
and receptor-independeat cataholism of LIL (Study 2), and
¢) the effects of feeding cs3ein for different time period

on receptor-aediated cataholism of iDL (Study 3)

4.2 MATERIALS AND METHODS

4.2.1 Animals and Diets

12 rabbits fed casein or soy protein
diets {or a4 period uf 14-16 weeks were used in Study 1.
8 rabbits fed casein or soy protein for 6-7 months were
used in Study 2. Tn hoth studies 1 and 2, rahbits were fed
t.e semipurified diets €following a one week adaptation
period as detailed {n Chapter 2.

In Study 3, 1€ cahbits were fed soy
protein for 2 weeks following a one week adaptation
period. They were then fed casein or soy protein for the

time pertod indicated in the text,
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4.2.2 1Isolation and iodiaation of LDL

Casein, soy protein or Chow-fed rabbits,
were bled from the marginal ear vein following an
overnight fast., Plasxza was obtained €ullowing tow-speed
centrifugation of the blood. Plasma deasity vas adjusted
to 1.019 g/ml dy addition of KRr., LDL (1.019 <4< 1.063
g/al) was isolated by seyuential ultracenrrifugation
(Havel et al., 1955). The isolated LDIL was respun once at
its optimal density, and then dialysed against 0,15M
NaCt,1lmM EDTA pH 7.4.

LDL isolated from soy protein fed crabhbits

125

was labeled with I (hereafter referred to as

125I--I.DI.s) and 1.0l isolated from casein-fed donors was

labeled with 131

131

I (hereafter veferred to as
I-LDLc) [Study 1]. The intramoecular distribution
of the label and the radiocactivity assoctated with apo B
was deteruined. The distribution of radioactivity was
similar for both tracers witu 92% of the lahel in apo B
and less than 2% as freec todine,

The LDL isolated from Chow-fed rabbits
(Study 2 and 1) was divided iantu two alijuots, One alijuot

1251 (vhich was subsequently

methylated) and the other aliquot with an’lt.

was lnheled with Na

4.,2.3 Methylation of LDL
125

I-LDL ( Smg) in 0.15M NaCl/laM EDTA

pH 8.6 was methylated using NaBH, and formaldehyde hy




the procedure of Weisgraber et al (1978). Briefly to the
1251 1LL, 2 mg of solid NaBH, vas added. lul of

37X (w/v) formaldehyde was now added (time 0), A further
lul was added at 6 ain intervals. After 30 ain ( QPI
formaldehyde addes in total) the reaction was terminated
by eluting the m2thylated LDL, through a szall column of
Sephadex G-50, uxing 0.15M NaCl/1laM EDTA pH 8.6. The
methylated LDL was now dilaysed for 18h against 0.15M
NaCl/1 aM EDTA pH 7.4. This procedure is sufficient to
modify ahbout 8 of 20 lysine residues per apo B molecule,

vhich aholishes high-affinity LDL binding in cultured

fibroblasts (Weisgraber et al. 1978) and delays the
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clearance of LDL from the plasma of animals (Mahley et al.

1980; Slater et al. 1980) aand man (Shephard et al. 1979).
The methylated LDL otherwise retains the chemical and
physical properties of the native LDL (Weisgraber et al.
1978). The labdeled LDL's were found to contain 95-96% of
their total radioactivity in apo B, and less than 1% as
free iodine,

To check that the LDL had been effectively
methylated, aliquots of the I311-[.!)[. and the methylated

125I-LDI. were injected into 2 Chow-fed rabbits and blood

samples collected over 12h, From the plasma 125

and 131

I-ape B
[-apo B radiocactivities, receptor-dependent
removal was estimated to dbe 63% of the total removal.

4,2.4 Sterilisation of tracers

All tracers were sterilised by passage
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through a 0.45xx Millex-HA filter prior to use and

gentamycin sulphate added (lpg/ml).,

4.2.5 Prevention of thyroidal uptake of radiociodimne

Each of the rabbits used in Studies 1, 2 and
3 had KI (0.1g/100m1) added to its drianking water, 2 days
before injection of the tracer and for the duration of the
kinetic study.

4.,2.6 Protocol for kinetic studies
125

GPCi of [-LPLs and 2pCi of
131I-LDLc vere simultaneously injected into each of 6
rabbits fed casein and 6 rabbits fed soy protein (Study
1). The amount of laheled LDL aps B injected, was less
than 0.01% of the circulating LDL apo R} pool. 2ml bhlood
sanples were obtained at 3min, 45min, 1.5, 3, 4.5, 6, 12,
24, 36, 48, 60, and 72h post-iajection,

In Study 2, each rabbitr was iajected

simultaneously with lalI—LDL (range 8.6-12pCi) and

125I—LDL(CH3) (range 9.4-lqui). Blood saaples

were collected from the marginal vein of the right ear at
3 nin, 1.5, 3, 4.5, 6, 10, 25, 36 and 50h post-injection,
In Study 3, rabbits were injected

simultaneously with 2—6pCi of 131!—LDL and

123I—LDL(CHB). Blood samples were collected at the

same times as those in Study 2.
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4.2.7 Detersination of plasma apo B radioactivity

Plasma was separated and plasma apo B
radioactivity was determined as described by Yamada et al.
(1986).

4.2.8 Isolation of LDL

Equal volumes of plasma were now pooled
from each of the time points. LDL was then isoclated from
4-6al of plasma by sequential ultracentrifugation,
1.019<¢d<1.063, and washed once at its optimal density
(Havel et al., 1955). Protein (Markwell et al., 1978) and
apo B concentration of LDL was now determined (Fgusa et
al., 1984).

LDL was not isolated in Study 3.

4.2.9 Kinetfic Analyses

Plasma apo B radioactivity disappearance
curves were plotted semilogarithcically against time were
biexponential conforming to a two-pool model. The FCR for

131 125

removal of I-LDLc and

I-LDLs (Study 1) was
determined according to the 2-pool model of Matthews
(1953) as described by Kushwaha and Hazzard (1977).
FCR = mmmm e ———
A'/g + B'/p
where A'=A/100 and B'=B/100
and A = Time zero intercept of slow phase
B = Time zero intercept of rapid phase

o = Slope of slow phase

B- Slope of rapid phase




Table 4.1

Body weights and plasma cholesterol concentrations

Casein Suoy protein
Study 1
(6) BW 3.38+0.04 3.3610.05
PC 396449 75420
Study 2
(4) B 3.7710.10 3.5540.07
PC 279424 62414
Study 3
5 Days BW 2.594+0,.09 ND
(4) PC 90+10
10 Days BW 2.28+0.18 2.7140.05
(3) PC 183+1 73415
25 Days BW 2.72+0.13 2.4950,08
(3) rc 200431 83429

Each value is the meantSEM of the number of rabbits
given in parentieses.

BW - Body weight (kg); PC - plasma chelestercl (mp/dl)
ND - not determined

In each study the plasma chulesterol was significannly
different between casein and soy protein-fed rabbits

(p<0.001).

For study 1,

plasms cholesterol values are the measns of

the 3min, 24h, 48h and 72h plasma samples.

For studies 2 and 3 plasma cholesterul values are the
means of the 3min, and 24h plasma samples.




Siailarly the FCR for reamoval of 102
3 lr_ioL and '231_LbL(CH,) [Study 2 and 3] was
calculated, The FCR for the former represents the sum of
both receptor-dependent and receptor-independent
catabolism, whereas the latter represents receptor-
independent catabolism. The difference in turn is a
measure of receptor-dependent catabolisam.

From the LDL apo B concentration and the
plasma volume of the rabbit (taken as 32.8 mls/kg body
weight) the pool size of apo B was calculated. The
production rate of apo B was determined as FCR x apo B
pool size,

4.2.10 Other analyses

Plasma cholesterol and triglycerides, LDL
cholesterol, triglycerides and phospholipids were measured
enzymatically using kits from Boehringer-Manhein. LDL
protein was determined by Markwell's modification

(Markwell et al,., 1977) of the Lowry method (Lowry et al,,

1951).

4.3 RESULTS

4.3.1 Body weights and plasma cholesterol

concentrations

The plasma cholesterol ~oncentrations and
body weights of the rabbits used in the three studies are
shown in Table 4.1. In any given study the body weights

were not significantly different between the two dietary




Table 4.2

LDL Composition (mg/dl plasma)

Rabbit # C TG PrL P
Casein

1 209 16 93 103

2 99 14 55 48

3 207 18 95 116

4 158 6 74 BO

S 124 5 60 62

6 71 2 34 37

Means+SEM 145423 10+3 69410 74413

ot - g o ——— - —— e — —

Soy Protein

7 15 3 9 11

8 19 5 9 16

9 i5 2 7 8
10 32 4 17 29
11 13 2 7 10
12 20 3 12 19
Means+SENM 19+3 3:0.5 1042 1643

— o - — . - -

The LDL composition for the 12 rabbits uvsed in Study 1 is
given. C=Cholesterol; TG= Triglyceri'es; PlL=Phospholipids
and P=Protein

Mean values for cholesterovl, protein and phuspholipids were
significantly different between dietary groups (p<0.001).
Mean triacylglycerol values were significantly different
(p(0.0S).
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groups. (n any given study the casein-fed rabbits
significancly hypercholesterolemic compared to rabbits fed
soy protein (p<0.05). The plasma cholesterol values did
not change significantly over the duration of a

given study consisten® with the interpretation that the
rabbits maintained a steady-state,

In all of the studies, rabbits fed soy
protein had coaparable plasma cholesterol concentratioas.
ltowever for rabbits “ed caseia (Study 3), the plasma
cholesterol concentration increased progr2ssively over the

first 10 days.

4.3.2 Composition of LDL

The composition of the ultracentrifugally
isolated LDL (Study 2) is shown in Table 4.2. The LDL of
rabbits fed casein was enriched 7-fold in cholesterol,
3-fold in triglycerides and 7-fold in phospholipids
compared to the LDL from soy protein-fed rabdits., The LDL
protein pool was almost S5-fold greater in casein-fed
rabbits as compared to soy protein-fed rabbits.

4.3.3 Decline in plasma apo P radioactivity
following injection of homologous and heterologous LDL

Fig. 4.1, shows the disappearance of
plasma apo B radiocactivity (as a percentage of the 3min
value), following the simultaneous injection of

125 131

I-LDLs and I-LDLc i{into each of 6 rabbits fed

casein and 6 rabbits fed soy protein (Study 2). Tt can be
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Fig. 4.1

Decline in plasma apo B radicactivity following simultaneous

injection of 12SI-LDl.s and 13II-LDLC.

The decline in plaswma apo B rudioactivity, as a

percentage of the 3 min volue following the simultaneous

injection of 125

I-LDLs (O) and 13lI_1DLe (O) into rabbits

rabbits fed cascin (---<) or soy protein (—).

Each point is the mean of the value from 6 rabbits




Table 4.3

FCR of !3!y_LbLc and !'251-LDLs in rabbits

fed casein or soy protein

diets

FCR (pouls/day)

3y Lore 125 LoLs
Casein (.55 +0.05* 0.55 #0.05
Suy Protein 2.14 £0.43 1.90 +0.32%

Each value is the meantSEM (n=6)

Values sharing a common svmbol (*) were significantly

different between groups.
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seen that both tracers were cleared ejually effectively in

either of the dietary groups. However as can be seen the
reaoval of the tracers was faster in the rabdits fed soy
protein. The FCR for the removal of the tracers is listed
in Table 4.3. The FCR for the tracers was similarl in a
given dietary group. Both tracers wvere removed faster in
the soy protein-fed rabbits compared to the rabbdits fed
casein. For the homologous tracers, the FCR in soy
protein-fed rabbits was 3-fold higher than the FCR in
casein-fed rabbits,

Data for homologous tracers was subjected
to kinetic analyses. Tabhle 4.4. shovs the kinetic
parameters for homologous LDL apc B turnover. The
increased pool size of LDL apo B in casein-fed rabbits
resulted from incressed production and slower efficiency of
removal in comparison to the pool observed in rabbits fed
S0y protein.

There was a significant relationship
between the FCP (for the homologous tracer) and plasma LDL
apo B concentration (Study 2), Fig. 4.2. The FCR decreased
with increasing LDL apo B concentrations in rabbits fed
soy protein, whereas i{n rabbits fed casein, there wvas
little or no change in FCR over a 3-fold increase in LDL

apo B concentrations.

4.3.4 Declinc in plasma apo B radiocactivity following

simultaneous injection of native and methylated LDL

Fig. 4.3 shows the decline of plasma apo B




Table 4.4

Kinetics of homologeous LDL apo B

Apo B PR FCR
(mg/dl) (mg/dl/day) (pouls/day)
Casein
1 96.9 69.8 0,72
2 41.8 17.3 0.41
3 90.4 39.1 0.43
4 72.7 34.8 0.48
5 57.3 35.8 .62
6 33.3 21.6 0.65
65.4+10.5% 36.447.6 0.55 20,05 °

Soy Protein

7 12.4 31.0 2.50
8 8.2 13.7 1.66
9 5.3 15.4 2,88
10 24.7 17.8 0.72
12 16.7 23.8 1.42
a ag b
12.5+42.9 19.846.4 1.90 20.32

Mean values bearing a common superscript were significantly
different between groups asing Student's t-test.

P values: a; p<0.001: ©b; p<0.01

The P value for the production rates was between
0.05 and 0.10.
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Fig. 4.2

Relationship betwecen FCR and LDL apo B

The relationship between FCR and LDL ape B concentration
is shown for individual rabbits.

(A) Casein and (®) Soy Protein




(4) 3WIL (4) 3WIL

pe 8 2 9 9¢ 0t b 8 2l S 0
M T

L J ! ] L Ll 1 1

LY

Q

ALIALLOVOIQVY 8 OdV VYIWSVd TVILINI 40 %




113

Fig. 4.3

Decline in plasma apo B radiocactivity following the

simultancous injection of !31I-LDL and methylaved 1251-LpL

The decline in plasma apo B radicactivity, as a
percentage of the 3 min value, following the simultancous
injection of 131I-—LDL (——) and methylated 125I-—Ll)l. (===)

into rabbits fea a) casein aud b) suy protein.

Each point is the meantSEM of 4 rabbits
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radioactivity following the simultaneous intravenous

tnjections of '311-LpL and !23I-LDL(CH,) into

rabbits fed each of the two different diets. The 3ain
plasma apo B radiocactivity value was taken as 100X and all
subsequent values adjusted accordingly. For the soy
protein-fed animals, radioactivity in the uamodified LDL
(13II—LDL) decayed froam the plasma fioster than the
radioactivity from the uanmodified LDL in the casein-fed
animals. Additionally the methylated tracer was removed
less efficiently in hoth dietary groups, compared to the
unmodified tracer. The kinetic parameters for the two
tracers, are listed in Table 4.5.

From Table 4.5 it can be seen that the
decreased efficiency of removal in the casein group {is
principally due to a 4-fold reduction in the
receptor-dependent pathway since removal via the
receptur-independent pathway was essentially similar
between the two groups.,

4.3.5 Effects of feeding casein for different time
periods on receptor-Jependent catabolism of IDL

Table 4.6 shows the FCR of LDL via the
receptor-dependent pathway in groups of rabbits
transferred from the soy protein diet to the casein
diet. It can ne seen that compared to rabbits fed soy
protein, casein-fed rabbits had diminished

receptor-dependent catabolism even after 5 days (the




kinetics in man. They found thar CCK influenced bile acid

kinetics by alterations in gallbladder emptying.

With the above ideas in mind, the
following was formulated as a working hypothesis.

Increased digestion of soy protetn
in the stomach would produce peptides, which once in the
duodenum, would stimulate the release of CCK. The latter
would cause the gallbladder to contract, resualting in
emptying of bile acids from the gallbladder. This would
now resulr in the liver producing more bhile acids from its
cholesterol pool. The cholesterol would be replaced hy
cholesterol derivea from LDL via receptor-mediated
endocytosis, whkich would lower plasma cholesterol
concentrations. For casein the converse would be true,

f e., impaired CCK release, decreased gallhladder
emptying, decreased conversion of liver cholesternl ro
bile acids, increased liver cholesterol, decreased uptake
of LDL cholesterol resulting 12 increased concentrations
of plasma cholesterol.

The above hypothesis still allows
for possible effects at the {intestinal level which may
result from bile acid sequesteration by the digestion
products of dietary protein. Additionally, CCK provides a
link betwecen protein and cholesterol merabolism, and
suggests a method by which dietary proteins can exert

their effects on the LDL receptor. One of the fudamcntal




Table 4.6

The cffect of time on diet ou receptor-mediated
catabolisa of LDL apoB

Time oun diet Casein Soy Protein
(days)

5 days 0.45

0.70

0.48

0.61
Meaus+SEM 0.56+0.006
10 days 0.40 1.08

0.29 0.80

0.33 0.58
Means+SEM 0.34+0.03 0.82+0.15
25 days 0.63 1.15

0.69 1.59

0.41 0.63
Means+SEM 0.58+0.09 1.24+0.18

Rabbits were fed soy protein for 2 weeks before being
transferred to the casein diet., The time on di2t is
therefore a mneasure of the time that casein was fed.
Values are listed fer individual rabbits.




earliest time period after which receptocr-umediated Ty
catabolism was assessed). Receptor-independent catabolism
was similar in all of the rabbits regardless of diet or
time on diet.

Since it was shown in Table 4.1 that
rabbits fed soy protein had comparabhle plasma cholesterol
concentrations regardless of the time period for which the
diet was fed the values for the plasma cholesterol
concentrations and receptor-dependent FCR have becen
combined for the soy-protein fed rabbits used in Studies 2
and 3 to represent "control" data. This data together with
the plasma cholesterol concentrations and receptor-
dependent FCR for the casein-fed rabhbits in Studies 2 and
3 are represented pictorially in Fig. 4.4.

This figure shows that the plasma
cholesterol concentrations of casein-fed rabbits were
inversely correlat .« with the FCR for receptor-dependent
catabolism. The latter decreased, as plasma cholesterol
concentration increased. From Fig 4.4 it can also he seen
that even though the plasma cholesterol coucentrations in
rab’itys fed casein for 5 days was not significantly
different from "control™ rabbits fed soy protein, the
FCR for receptor-dependent cataholism in these casein-fed
rabbits was decreased by almost 407 compared to the

control rahbits,.
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Fig. 4.4

Receptor-dependent LDL apo B FCR and plasma cholesterol

a) Receptor-ucvpendent LDL apo B FCR aud b) plasma

cholesterol concentrations in rabbits fed soy protein (§)
or cascin (C) diets. The number of days the rabbits were

fed casein is indicated.

Values shown are mean+SEM for 10U rabbits fed sor
protein; and 4, 3, 3 and 4 rabbits fed cascin for 5,
25 and 300 days respectively.

FCR in casein~fed rabbits was sirnificantly different [rom

that observed in the soy protein-fed rabbits.

Plasma cholesterol values in the cascin groups were

significantly differeat from the value for the soy pratein

group, with the exception of the 3 day value.

The soy proteia group includes the & rabbits used in
Study 2.
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4.4 DISCUSSION

In Study 1 the use of dual radiolabeled LDL
provided a tool for assessing LDL metabolisam, separately
from any compositional effects. These studies confirumed the
results presented in Chapter 3, that casein-feeding is
assoclated with decreased LDL FCR. Additiorally the results
showed that the source of injected LDL (whether it was
isclated from a normocholesteroleamic soy protein-fed
rabbit or a hypercholesterolemic casein-fed rabbit) was not
a factor in determining its subsequent removal. Despite the
increased mass of the LDL particies in casein-fed rabbits,
the coaposition of the LDL from the two dietary groups was
similar (Table 4.2). Hence the similar FCR observed for the
tvo tracers, in a given dietary group, shows that the
reaoval of the injected LDL is dependent sulely onr the
physiological status of the recipient rabbits. The
decreuased FCR in casein-fed rabbits is cunsistent with
impaired LDL receptor activity.

Since the FCR per se is not a measure of LDL
recptor activity, the second study was carried out, In this
study, the use of dual radiolabeled native LDL and
methylated ILDL, allowed for the discrimination between
receptor-dependent and receptor-independent IL.DL catabolism.
The rasults of this study showed that the impaired removal
of LDL in casein-fed rabbits, was the result of diminished
receptor-umediated catabolism, since receptor-independent

catabolism was similar between the two dietary groups.
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This result is in support of the observation

of Chao et al. (1581) that the in vitruo binding of LDL te
liver meabranes of casein-fed rabddits was decreased in
comparison to the bdinding to membranes isolated from
rabbits fed a chow diet (Kita et al., 1981). Xita et al.,
(1981) also observed chat liver aembranes of
hypercholesterolemic WHHL rabbits had decreased binding
compared to rhow-fed rabbits. Stoudemi.e et al., (1984)
showed hypercholesterolemic fasting rabbits had impatired
receptor—-dependent LDL cataboliss, in vivo, and that this
was related to decreased LDL bianding to liver membranes, in
vitro, in comparison to norwmocholesterolemic rahbits, The
decreased binding of LDL in vitro observed by Chao et al
(1983), Kita et al (1981) and Stoudemire et al (1984) was
the result of the abdbolition of the EDTA-sensitive bhinding
site,

A down-regulation of hepatic LDl receptors
was also observed by Sirtori et al., (1984), and Cohn and
Nestel (19585), using liver membranes from rats fed caseln
or soy protein, but in these studies hoth diets contained
cholesterol., Recently, in type TI hyperlipoproteinenic
patients, {t was shown that a soybean protein diet
increased the activity of LDL receptors In mononuclear
cells compared to an animal protein dict (Lovati er al,
1957). Although the in vitro activity of LDL receptors was
not assessed in these studies, the results of defective

clearance of LDL in cascin-fed rabbits i3 consistent with




Table 4.7

Comparison of LDL apoB FCRs obtained in various studies

Time on diet Casein Soy Protein

a) 5 days 1.03+0.09 ND
b) 19 days 0.60+0.12 1.63+0.05
c) 25 days 1.19+40.09 2,04+0,21

d) 6-9 weeks 0.8140.13  1.93+0.20

£) 6-7 months 0.64+0.11 1.4240.20

Table shows total LDL apo B FCR obtained in the various
studies discussed

a, b & c) Study 3, Chapter 4.
d) Study in Chapter 3;
e) Study 1, Chapter 4;
£) Study 2, Chapter 4&4;

All of the values are determined for individual rabbits
except d) in which pooled plasma was used for LDL isolationm.
All casein values were significantly different from their
respective soy protein values,
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decreased LDL receptors. Furthermore the results of Study 2
show that it is the protein component of the diet which 1Is
responsible for the observed effects, since this was the
sole variable in the two diets. (In the studies of Chao et
al [1981] only a casein diet was assessed).

Having established thar casein-feeding resulted
in defective receptor-mediated LDL catabolisa, Study I was
carried out to ascertain how guickly this effect ocurred
when rabbits were transferred from soy protein to casetin,
This study showed that receptor-mediated LDI catabolism was
reduced by 40% in casein-fed rabbits, bhefore an increase in
plasma cholesteroi was apparent. This suggests thar the
increase in plasma cholesterol in casein-fed rahbits ts
secondary to effects on LDL receptors. Froa these studies
it is not possible to ascertain whether the effect of
casein on LDL receptors {s direct, or whether it operates
via an intermediate factor(s).

A general point from the studies in rhis and
the previous chapter, is the clear-cut differential in LDi
FCR between casein and soy protein fed rabhits which was
measured in rahbits fed the different diets for 10 and 2%
days, 6-9 weeks, 14-16 weeks and 6-7 months, following the
injection of radiolabeled LDiL. (These FCR values are
summarized in Table 4.7) For all of the studies ia this
chapter the results were analysed by the two-pool model of

Matthews (1951) for which only plasma apo B radioactiviry




124
was necded. The analysis in Chapter 3 utilised the two-pool
model of Gurpide et al. (1963), for whick a knowledge of
LDL specific activity data was required. Table 4.7 shows
that tae FCR decreased somewvhat in both dietary groups with
increasing time on diet. This may be due to the age of the
rabbits, since down-regulation of LDL reca2ptors is knowa to
occur with age.

In summary, the results of the studies
showed that
1) Decreased FCR of LDL in casein-fed rabbits was not due
to differences in the LDL particles
2) Decreased removal of LDL was due to impaired receptor-
dependent catabolisam
3) After 5 days of feeding casein, there was a 40%
reduction in receptor-dependent cataholism despite any

significant increase in plasma chclesterol concentrations.




CHAPTER 5
THE DIGESTIBILITY OF DIETARY CASEIN AND SOY PROTEIN
AND THEIR EFFECTS ON PLASMA CCK,
S.1.1 INTRODUCTION

The fundamental question raised by
the results described in earlier chapters is, what is the
cause of impaired receptor—dependent catabolisa of LDL {in
casein—fed rabbits? This chapter describes the results of
studies (some preliminary) designed to addr=ss this
question.

The primary event when rabbits are
fed casein or soy protein, will likely occur ta the
digestive tract (this excludes any hormonal or neural
effects that the sight, smell or the taste of the diets
will induce). The first site of protein digestion ix the
stomach, wvhere the presence of HCl and the proteasc
pepsin, will result in the digestion of the protein to
smalier peyptides. In vitro studies by Woodward and Carroll
{1985) have shown that soy protein is more readily
digested by pepsin owing to its greater solubility at
acidic pH in cvamparison to casein. The digestibhility of
casein and soy protein, in vivo, have not been assessed in
the rabbit. These studies have however heen carried out in
rats, in which it was found that soy protein was more
readily digested in the stomach than casein (Yashiro et
al., 1885).

The studies of Woodward and Carroll

125
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(1985) also showed that in vitro, casein is more readiiy
digested by trypsin owing to its greater solubility in an
alkaline eavironmert, in comparison to soy protef-. The
preferreatial digestion of casein in the proximal
intestine of the rat (where an alkaline environment
exists) has also been demonstrated by Yashiro et al.,
(1985).

As i conseyuence of the differing
solubilities of the twu proteins at acidic and alkaline
pll, the net result will be that, the two proteians, will in
all probability, release their constituent amino acids at
different rates. These released amino acids will then be
absorded at differing rates, and may subsequently affect
cholesterol metabolism,

Alternatively, the digestion
products of the proteins nay interfere with the absorption
of endogenous bile acids, preventing the latter's
reabsorption. This "digestibility hypothesis", discussed
in Chapter 1, states that the digestion products of soy
protein, in the distal intestinal lumen, sequester bile
acids to a greater extent than those of casein. A3 a
consequence, there is increased fecal excretion of bile
actds (Huff and Carroll, 1980b), and less bile acids are
returned to the liver. This decrease in liver bile acids
necessitates a greater conversion of liver cholesterol to

bile acids, which would deplete liver cholesterol pools.




This would be compensatad for by an increased uptake of 127
cholesterol froa LDL via receptor-mediated endocytostis,
which will lower plasma cholesterol levels. Although
studies in vitro have shown that casein and soy protein
are both able to bind bile acids (Sklan, 1980; Woodward
and West, 1984), there is no evidence from in vivo work in
rabbits to support or refute the digestibility hypothesis.
Studies by Kuyvenhoven et al,, (1987) carried out in rots
are not in support of this hypothesis, since these workarcs
found no evidence for bile acid sequesteration tn the raty
fed the soy protein containing diet,

The experiments descrihed in this
chapter were designed to address this above hyjothests,
Experiments were carried out to look at the role played by
the stomach in the digestion of casein and soy protein and
whether indeed the digestion products of soy proteln were
able to sequester bile acids in the distal intestinal
lumen,

During the course of these
experiments, some indirect results began to suggest the
possible involvement of a gut hormone, and how this may bhe
able to explain the differences in plasma cholesterol seen
with casein and soy protein diets, Furthermore,the
physiological action of this hormone provided a direct
link between protein and cholesterol metabolism. The
hormone suspected of having this potential role was

Cholecystokinin (CCK). Therefore some preliminary
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experimants were carried out to see tf indeed CCK might be

the key to the aystery that has intrigued nutcritionists
since the carly 1270's about the adility of dietary
protein to influence plasama cholesterol levels.

Therefore before describing the
experiments, there follows an introduction to CCK,.
5.1.2 CCK

CCK is believed to be a wmajor
hormonal regulator of gallbladder contraction and
parcreatic enzyme secretion (Ivy and Oldberg, 1928; Harper
anéd Raper, 1943). The hormone is located in the 1 cells of
the small intestine and is released after the ingestioa ot
food (Mutt, 1980). Since its original isolation (as a 33
amino acid polypeptide, CCK-33, sharing an {deatical
carboxy terminal pentapeptide with gastrin), several other
molecular forms have been identified in the tissues and
plasma of various species (Mutt, 1976; Dockray, 1976;
Miller et al., 1984)., The biological activity of this
hormone is contained in the carboxy terminal octapeptide
(CCK-8) portion of this molecule (Fig. 5.1) This umaller
molecule is also pregent in the mucosa of the small
intestine along with a larger variant, CCK-39 (Dockray,
1677; Rehfeld, 1978, Mutt, 1980).

In addition to {ts effects outlined
above, CCK is now believed to be the physiological

regulator of gastric emptying (Liddle e~ al., 1986), the




mediator of the feedback regulation of pancreatic enzyme 130
secretion (Owyang et al., 1986) as well as a controller of
satiety (Verbalis et al., 1986). In addition to its

presence in the intestine, CCK also occurs in brain

neuroas (Saito et al,, 1980). These aultiple effects of

CCK serve to coordinate the delivery of food into the
intestine with the appearance of bile anc pancreatic

enzymes intu that organ.

The effect of CCK on gastric
eaptying seems to constitute a feedback mechanism whereby
CCK regulates its own release. When food leaves the
stomach and eanters the duodenum, CCK is released. The
principal effectors vf CCK release are dietary fats and
proteins., The released CCK in turm inhibits gastric
emptying. As a consequence, less food is delivered to the
duodenum, thereby decreasing CCK secretion (Liddle et al.,
1986).

Gallbladder emptying and small
intestinal motility are both stimulated by CCK (Parker and
Beneventane, 1970; Bertaccini and Agosti, 1971). Since
nrtificially induced alterations in small intestinal
transit time influence bile acid pool size by altering the
synthesis rate of the primary bile acids (Duane, 1978),
and both gallbladder emptying and small intestinal transit
time are both correlated with bile acid pool size (Duane
and Hanson, 1978), Jazrawi and Northfeld (1986) looked at

the effects of a pharmacological dose of CCK on bile acid
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kinetics in man. They found that CCK influenced bile acid
kinetics by alterations {u galldladder emptying.

With the above ideas in mind, the
following was formulated as a working hypothesis.

Increased digestion of soy protein
in the stomach would produce peptides, which once tn the
duodenum, would stimulate the release of CCK. The lattrer
would cause the gailbladder to contract, resultiang in
emptying of bile acids from the gallbhladder. This would
now result in the liver producing more bile acids from its
cholesterol pool. The cholesterol would be replaced hy
cholesterol deriveud from LDL via receptor-mediated
endocytosis, which would lower plasma cholesterol
concentrations. For casein the converse would be true,

i e., impaired CCK release, decreased gallhladder
emptying, decreased conversion of liver cholesterol to
bile acids, increased liver cholesterol, decreased uptake
of LDL cholesterol resulting ia increased conceantrations
of plasma cholesterol.

The above hypothesis still allows
for possible effects at the intestinal level which may
result from bile acid sequesteration hy the digestion
products of dietary protein. Additionally, CCK provides a
link betwecen protein and cholesterol mertabolism, and
suggests a method by which dietary proteins can exert

their effects on the LDL receptor. One of the fudamcntal
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tenets of this CCK hypothesis is that in rabbits fed soy

protein, postprandial release of CCK should be higher than

that seen in rabbits fed casein diets,

5.2 METHODS

5.2.1 Animals and Diets.

Ranbits were fed casein or soy
protein diets following a one week adaptation period as
outlined in Chapter 2. The diets were fed for the period
of time indicated in the appropriate section.

5.2.2 SDS-PAGE of casein and soy protein.

500ag of casein or soy protein were
suspended in 6ml of G.'M potassium dihdrogen phosphate-
potassium hydrogen phosphate buffer, pH 7.8. Solubility
wvas arbitrarily defined as the protein concentration of
the supernatant fraction following centrifugation at
10,0003 for 30 min (Woodward and Carroll, 1985). 50-100ug
aliquots were subjected to SDS-PAGE using 12.6% running
gels (Laemmli and Favre, 1970). Following staining in
Coomassie R-250, and destaining in acetic acid/methanol,
the gels were scanned at 540nm using a LKB 2202 ultrascan
laser dens{itometer equipped with a Hewlet Packard 2220
integrator. The percentage of protein in the stained bands
was calculated by multiplying their percent distribution
in the scanned gels by the total amount of protein loaded.

5.2.3 Fnzymatic digestion of casein and soy protein
in vitro




This was esseatially done as 133
described by Woodward and Carroll (1985) except that the
accumulation of TCA-soluble peptides was used as the
criteria for digest. :u., Casein and soy protein were
solubilised as detailed in section 5.2.2. Aliquots were
then incubated in 0.1M phosphate buffer with either
trypsin, peptidase or pepsin. (The enzymes, obtained from
ICN Pharmaceuticals Inc., Cleveland, OH., were isolates
from pig pancreas, intestine and stomach mucosa
respectively. The peptidase was a partially purified
mixture of amino and carboxy peptidases). The pH of the
incubation medium was 1.6 for the digestion usiang pepsin,
vhereas it was 7.8 for digestions with trypsin and
peptidase.

Aliquots from the cnzyme-protein
mixture were then taken at timed intervals and added to
ice-cold TCA (5% final concentration), Following
centrifugation at 1500g for 15min the protein content of
the supernatant, as well as the protein content of the
precipitate was measured, following solubilisation of the
precipitate in 2ml of the phosphate bhuffer. Results are
expressed as the percent accumulation of TCA-soluble
peptides,

5.2.4 Analysis of the stomach and intestinal contents
of rabbits fed casein or soy protein.

5.2.4.1 Isolation of material

Rabbits were fed casein or soy
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protein diets for 6-8 weeks. Blood was obtained froa
non-fasting anesthetised rabbits by cardiac puncture iato
EDTA-coated vacutainers and kept on ice. (In some studies
rabbits were fasted for 24h. They wvere then allowved access
to their diets, to which PEG 4000 had been added,(1g/100g
diet) for 1 hour. Food was withdrawn and the rabbits
sacrificed 6h later).

The abdominal cavity was now opened,
The entire small intestine was now exposed (upto the
ileo-cecal junction). Using silk threads, ligatures wvere
placed around a) the point of entry of the oesophagus into
the stomach, b) the proximal point of the duodenum, close
to the stomach, ¢) the ileo-cecal junction and d4) midway
through the small intestine. The saall intestine and
stomach were now removed from the rabbit (In some studies
the liver was also removed, blotted dry and weighed). The
first half of the intestine was designated “proximal
intestine™ and the latter half as the "distal intestine"”,

The stomach, proximal and distal
intestines were now emptied of their contents by flushing
with fixed volumes of saline, The contents were
homogenized at neytral pH and aliquots kept. The
homogenfized contents were centrifuged at 10,0008 for 30
min, The supernatant was designated as the "soluble
fractiorn" and the precipitate as the "insoluble fraction".

Aliquots of the soluble and
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insoluble fraction were also kept and the remainder of the

fractions were freeze-dried.

5.2.46.2 Gel-fractionation of stomach contents,

The soluble fraction from the
stomach was subjected to gel filtration using a
Sephadex-G25 column (90cm x 2 cm) equilibrated with 20mM
Tris, laM EDTA and 0.02% sodium azide, pl 5.6 (Yashiro et
al., 1985). Samples were eluted with the same buffer at
4°C and 2ml fractions were collected. The 0.D, of the
fractions were monitored at 280nm. The void volume of the
column was determined using tlue dextran.

5.2.4.3 Extraction of bile acids from freeze-dried
intestinal contents.

Bile acids were extracted from
freeze-dried samples of intestinal conteants, according to
the procedure of De Wael et al., (1977). (In one study,
bile acids were also extracted trom the feces of soy
protein-~-fed rabbits collected over a & day period). 100mg
of freeze dried intestinal contents (or feces) were mixed
with lml KOH/ethylene glycol solution (3g KOH in 10ml
ethylene glycol) and heated for 1S5min at 220°C. The
solution was then cooled and Iml of 3.4M NaCl added. The
mixture was acidified with conc. HCl and diethylether
added. The bile acids were extructed into diethylether by
centrifugation, Following the cvaporation of the cther at
40°C, the bile acid residue was dissolved in 1lal

m2thanol, The recovery of ‘Ac-laheled deoxycholic acid
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(added to the freezed dried aliquots) was 96X(+SD3X) 13

(n=22).
5.2.4.4 Enzymatic determinastion of bile acids.

Bile acids were measured in the
methanolic solutions using the enzyme 3x-hydroxys=:teroid
dehydrogenase (Sheitawy and Losowsky, 1975) using
deoxycholic acid as the standard. For this purpose the
enzyme was dissolved in a solution of 0.1M hydrazine
hydrate, 0.,4aM NAD, 50aM sodium pyrophosphate, pH 9.5, to
give a final enzyme activity of 0.07 IU/ml where 1 1U is
the amount of enzyme that will convert lumol of substrate
per ain at 25°C and pH 9.5.

The enzyme solution was mixed with
the metahnolic intestinal (or fecal) aligquot, and bile
acids were quantitated by measuring the NADH produced
following a 15 min incubation at 340num.

This method is based on the ability
of the enzyme to transfer the 3-hydroxy group on steroids
of the CIO’ CZI' and CZ& series, and the
taurine and glycine conjugates of the 02& series, to
their corresponding keto groups with the concomittant
production of NADH from NAD*. The reaction is
reversible, but at alkaline pH and with the presence of
the ketone trapping agent, hydrazine hydrate, the
conversion of the 3y-hydroxysteroids to the 3-ketosteroids
{s quantitative. Hence the amount of NADH formed is

directly proportional to the bile acids present in the




saaple.

5.2.4.5 Measurement of protein and nitrogen.

Protein in the soluble fractions was
measured by the method of Lowry et al.,, (1951). Nitrogen
in the freeze-dried aliguots was measured using the micro
Kjedahl amethod. In some cases aliquots of the so uble
fraction were subjected to SDS-PAGE as detatled in section
5.2.2. To ascertain any qualitative differeaces {n gel
profiles as a result of feding the two diets, the perceant
distribution of proteins of a given molecular weight was

deterained following scanning of the gels (sectior S.2.2).

5.2.4.6 Assay of Polyethylene glycol.

In studies where rabbits were feod
PEG as part of their diets, the PEG in the soluble
fraction isolated from the stomach and intestinal contents
was measured according to the procedure of Boulter and

McMichael (1970).

5.2.5 Determination of postprandial plasma CCK levels
in rabbits fed casein or soy protein diets.

Rabbits were fasted for 24h. Blood
was collected from the marginal ear vein of unanesthetized
rabbits (for determination of fasting CCK levels).

They were then allowed access to
their diets for 5 min. Food was withdrawn (all rabbirs
consumed 8-10g of their respective diet) and the rabhbits

were bled at various times thereafter, Plasma wus fsolared




and used for the measureaent of JCK. For this purpose CCK 138
was first isolated from plasma and then assayed. The

protocol is essentially that of Liddle et al., (1984 &

1985) which was developed for quantitation of CCK in rat

and human plasma, with the modifications of Owyang et al.,
(1986) nd Louie et al., (1986).

5.2.5.1 Extraction of CCK from plasma.

Upto 6ml of plasma was adsorbed onto
Cla—Sep Pak cariridges, previously washed sequentially
with 10ml acetonitrile, 10ml methanol, z0ml deionised
vater. Cartridges were now placed in scintillation vials
and kept at -20°C for a maximum of 48h. These
cartridges, stored on wet ice, were now dispatched to the
lahoratory of Dr. Dexter Louie at the Gastrointestiral
Peptide Research Center, University of Michigan.

The CCK was eluted from the
cartridges with lml acetonitrile/water (l1:1 v/v) iato
polyethylene scintillation vials and dried under nitrogen
at 45°C. In order to assess the recovery of CCK from
the cartridges, known quantities of CCK-8 (10 and 100fmol)
dissolved in Tris-buffered Ringer solution (TR) were also
eluted from Sep-Pak cartridges as detailed above for the
plasma samples.

5.2,5.2 Quantitation of CCK.

In some of the early experiments CCK
was quantitated by the biocassay described by Case and

Clausen (1973). For this, baby rat uncinate pancreases




139

were incubated in TR solution and amylase release was
stimulated by the addition of known amounts of CCK-8., The
released amylase was Juantitated by its ability to convert
starch to maltose (Jung, 1980). This assay proved
insensitive in its ability to detect CCK extracted from
rabbit plasma saaples and was accordingly not used
further.

‘n all subseyuent assays, CCA was
quantitated by means of the bioassay which utiltises rat
pancreatic acinar cells, prepared from fasting male
Sprague Dawley rats by collagenase digestion of the
pancreases (Williams et al., 1973; Otsuki et al., 1982).

lml aliquots of acini suspension
were added to the vials containing the plasma extracts
after they had been dried under uitrogen, or to vials
containing known amounts of CCK-8. Following a 30min
incubation at 37°C, the amylase released into the
medium and the total acinar amylase content was now
measured using porcion yellaow starch as substrate (Jung,
1980). The amylase released into the medium, expressed as
the total acinar amylase content, by the known amounts of
CCK-8 was used to generate a standard curve, Hsing this,
and the percent amylase released by the plasma extracts,
allowed for the quantitation of plasma CCK levels,

The time frume (from the inirtial

collecting of blood from the rahbits upto quantitartion of
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CCK) was never more than 2 weeks.

5.2.6 Effects of injecting pharmacologicol doses of
CCK-8 on plasma cholesterol levels in rabbits fed casein
diets.

Rabbits were fed casein diets for
the time period indicated. Following an overnight fast,
their plasma cholesterol was determined. They were then
divided into 2 groups of 4 rabbits each. Rabbits were
allowed access to their diets from 9am to Spm. Over a 4
day period, one group of 4 rabbits was injected i.p. with
CCK-8 at 9am, lpm and Spm daily. Over the 4 day period,
each rabbit was injected with 116pg of CCK-8. This
corresponds to a dose of 3.9pg/kg of CCK-8 per injection,
The other group of rabbits received i.p. injections of
saline at the same times. On the morning of the 5th day,
blood was withdrawn from all the rabbits for determination

of plasma cholesterol levels.

5.3 RESULTS

5.3.1 SDS-PAGE of casein and soy protein.

Fig. 5.2 shows the gel profile of
casein and soy protein. As can bhe seen casein was
separated essentially into main components whose molecular
weights were 37k and 29k, The former accounted for 66% and
latter comprised 34% of the protein loaded,

Though soy protein was more
heterogeneous in comparison to casein, it was essentially

resolved into 4 components. The major one, molecular
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Fig. 5.2
SDS-PAGE of casein and soy protein

Casein and soy protein were solubilised and subjected
to SDS-PAGE using 12.6% running gels as indicated in
the methods.,

lanes 1-3 cascin; lanes 4-6 soy protein

The low molecular weights standards are
a) Phosphorylase b (94k)

b) Bovine serum albumin (67k)

c¢) Ovalbumin (43k)

d) Carbonic anhydrase (30k)

¢) Soybean trypsin inhibitor (20.1k)

£) o{~lactalbumin (14.4k)




weight 39k, accounted for 58X of the protein. Two
components, molecular weight 19k and >70k accounted for
20% and 19 of the protein respectively. In addition, a
ainor component of molecular weight 23k, and accountiag
for 3% of the protein was also resolved,

5¢3.2 Enzymatic digestion of casein and soy protein
in vitro.

Fig. 5.3 shows the time-course of
the digestion of casein and soy protein, in vitro by a)
pepsin, b) trypsin and c¢) peptidase, measured as the
accumulation of TCA-soluble peptides (molecular weight
¢10k). Soy protein was essentially completely digested
within the first 15min by pepsin, whereas digestion of
casein proceeded more slowly. rising to a value of 307
after 90min incubation,

With trypsin, digestion of casecin,
wvas essentially complete within tlie first 30min, whercas
at the same time, digestion of soy prutein was only 45%,
The digestion of soy protein, increased with prolonged
incubation, and after 60 min was similar to that seen with
casein,

With peptidase hoth proteins were
digested more slowly in comparison with the other enzymes.
The percentage of TCA-solubhle peptides present after 90min
was 3-7 times lower than that observed with pepsin or
trypsin. Despite the lower digestibility, the extent of

digestion of soy protein by peptidase was essentially
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Fig. 5.3
Enzymatic digestion of casein ([0) and soy
protein (W) in vitro
Each value is the mean of 3 determinations

a) Pepsin, b) Try'sin and ¢) Peptidase




Table 5.1 Body weights, plasza cholesterol and liver
weights of rabbits fed casein or soy protein diets

BW eC LW

Casein 2.9+0.3  295+38 3.740.3
Soy protein 2.840.3 79+12 3.0+£0.8

p<0.05

The values given are the meaas+SEM of 10 rabbits.

BW - Body weight (kg); PC - Plasma cholesterol (mg/dl)
LW - Liver weight as % boudy weight




3-fold higher than that observed with casein. 147

5.3.3 Stomach and intestinal contents of rabbits fed
casein or soy protein.

5.3.3.1 Body weights, liver weights and plasma
cholesterol levels,

Table S.1 shows that the i dy
veights, weight gains and liver weights were coaparable
for the rabbits in the two dietary groups. Although the

liver weights of the casein-fed rabbits were soamewhat

higher than those of rabbits fed soy protein, the
difference was not statistically significant, As in all
studies reported, the csein-fed rabbits were significantly
hypercholes%erolemic in comparison to the rabbits fed soy
protein.

5.3.3.2 Gel fractionation of the stomach contents.

Fig. 5.4 shows the gel fractionation
profile of the solubhle fraction froam the stomachs of
rabbits fed a) casein and b) soy proteian eluted on a
Sephadex G-25 column. A representative profile frum each
rabbit is shown. (In all, the profiles from the stomach
contents of 4 rabbirs fed casein and 7 rabhhits fed soy
protein containing diets were examined). As seen, the
material from the stomachs of the casein-fed rabbirs
cluted essentially with the void volume, This was seen in
all the casein rabbits,

¥For the 7 rabhbity fed soy prutelin,

in addition to material eluting with the void volume, one
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Fig. 5.4

Elution profile on Sephadex G-25 of the soluble
fraction from rabbits fed a) cascin and b) soy protein

The profile from a represcutative rabhit in cach
group is shown,




Table 5.2 Intestinal comtents of rabbits
fed casein or soy protein diets

Pruximal

Casein Suy Protein

Distal

Casein Soy Protein

Freeze Dried Weights (g)

Total 2.7(20.3) 3.1(20.25)
Suluble 1.8(+0.2) 2.1(+0.2)

Insuluble 0.9(20.06) 1.0(20.06)

1.9(£0.3) 1.4(+0.12)
0.9(+0.1) 0.7(+0.09)

1.0(+0.15) 0.7(£0.07)

Nitrogen (mg)

Total 176(+11) 257(419) 112(+7) 101(49)
Suluble 129(+9) 197(+19) 84(+7) 73(+5)
Insoluble  47(+5) 60(45) 28(+3) 28(+2)
Bile Acids (mg)

Total 46(+4) A4(24) 19(+1) 11(+1)
Soluble 17¢£1.5)  17(+1.8) 2(+0.3)  1(+0.1)
Insoluble 28(+2) 27(+2) 17(+£1.7) 10(£1.3)

Each value is the wmeonsSD of 8 rabbits.

The total and soluble nitrogen was significantly lower in the
proximal intestinal conteats of casein-fed rabbits, compared
to the values for svy protein-fed rabbits (p<0.05).




or two additional low-molecular weight peaks were also 151

resolved. The intact proteins elute in the void volume

(VWoodward and Carroll, 1985).

5.3.3.3 Dry weights, nitrogen and bile acid content,

Table 5.2 shows the frecze-dried
weights, anitrogen and bile acid in the intestinal conteats
of the rabbits fed casein and soy protein diets. Tn the
proximal intestinal contents, the dry mass appeared to bhe
higher in the soy protein-fed rabbits, hut this was not
statistically significant. Similarly the appareantly higher
dry mass of the distal intestinal contents of the
casein-fed rabbits was also not statistically stgnificanr,
For both dietary groups the total dry mass decreased in
going from the proximal to the distal intestine,

Despite the similarities in the dry
mass, the nitrogen content in the proximal intestinal
contents was significantly higher for the rabhbits fed soy
protein., This was attributable to a significantly higher
nitrogen content in the solubhle fraction. The soluble
fraction accounted for 75% of the nitrogen in rthe proximal
intestine for both dietary groups. Nitreogen conteat in
the distal intestine was similar for both dietary groups.
As with dry mass, the nitrogen content decreased
significantly in going from the proximal to the distal

{ntestine,




Table 5.3 Molccular weight distribution (X) of
protein in the intestinal contents of rabbits
fed cascin or soy protein diets

Pruximal

Distal

Cascein Soy protein Casein Soy protein
Molecular
welight
> 40k 3.3(10.4) 21.0(+2.7) 2.8(+0.2) 9.9(+1.2)
20-40k 43.0(+3.2) 22.7(+0.7) 53.0(+3.1) 8.9(+0.8)
< 20k 53.7(22.5) 56.3(+3.5) 44.2(+2.8) B81.2(#1.7)

Aliquots of the soluble fraction were subjected to SDS-PAGE
as detailed in the methods. Following destaining, gels were

scanned using a densitometer.

Representative results (meantSEM) from & rabbits per

dietary group are shown.

The values for casein-fed rabbits were significantly
different from the corresponding values for soy protein-fed
rabbits (p<0.05) with the cxception of the low molecular
weight protein (<20k) in the proximal intestinal contents.
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In the proximal iatestine the content

of bile acids was similar between groups. Though the bdile
acid levels in the distal intestinal contents were higher
in the rabditrts fed casein, compared to those fed soy
protein, these differences were significant only at p>0.10.
As with nitrogen and dry mass, bile acids decreased
significantly in going from the proximal tu the distal
intestine.

In one study the enzymatic assay used
to measure the fecal output of bile acids in & rabbits fed
soy protein over a 4 day period was calculated to be
4146 mg/day. This compared with a value of 3643

ag/day obtained by GLC (Huff and Carroll, 1980).

5.3.3.4 SDS-PAGE of protein in the intestinal contents.

Table 5.7 shows the molecular weight
distribution of protein in the soluble fraction from the
proximal and distal intestinal contents of casein and soy
protein—-fed rabbits, determined from densitometric scans,
following SDS-PAGE using 12.6% running gels. The proteins
resolved were split intoc three ygroups, whose molecular
weight ranges are alsc listed in Table 5.73.

21% of the proteins present in the
proximal intestine of soy protein-fed rabbits were of high
molecular weight (>40k) compared to a value of 3.3% for
casein—fed rabbits. In the proximal intestine, intermediate

molecular weight proteins (20-40k) were twice as abhundant




in casein-fed rabbits as compared to soy protein-ted

rabbits {43% v. 22.7%). Low molecular weight proteias
(<20k) were similar between groups in the proximal

intestine.

On going from the proximal intestine
to the distal intestine, significant changes were seen only
in the rabbits fed soy protein. In these rabbits high
molecular weight proteins decreased significantly (21X to
8.9%) whereas low molecular weight proteins increased
significantly (56.3% to 81.2X).

The distribution of these proteins in
the distal intestine were significantly different between
dietary groups. High moleculor weight proteins and low
molecular weight proteins were significantly higher for
rabbits fed soy protein compared to rabbits fed casein
(9.9% v. 2.8% and 81.2% v. 44.2% respectively).
Intermediate molecular weight proteins were significantly

higher for the casein group (53% v. 8.9%)

5.3.3.5. Migration of Polyethylene glycol.

To assess the mobility of the
proteias, in vivo, some studies were conducted in which
rabbits were fed their respective diets, containing the
non-absorbable water-soluble marker PFG as detailed in the
wmethods., PEG and protein were measured in the soluble

fraction isolated from the stomach, proximal and distal

intestinal contents. The results of these studies, for 6




Table 5.4 Protein/PEG ratios in the gut contents of
rabbits fed casein or soy protein

intestine

Stomach Proximal Distal
Casein 2.141.1 1342 4.0+0.9
Soy protein 1.1:0.6 19+6 3.7¢1.7

Protein and PLEC were mecasured in the suluble fraction
as indicated in the methods.

The values given are the means#SEM for 6 rabbits
fed soy protein and 4 rabbits fed cascin.




156

rabbits fed soy protein and & rabbits fed casein are shown

in Table S.4. Though the differences obtained were not
statistically significant owing to overlap between groups,
certain trends were apparent; a) soy protein migrated more
rapidly than casein in the stomachs indicated by the lower
ratio of protein/PEG, b) in the proximal intestine the
migration of casein was faster than that of soy protein
(lower protein/PEG ratio in the casein-fed rabbits) and c)
in the distal intestine migration of casein was marginally
slower than that of soy protein.

5.3.3.6.Fasting and post-prandial levels of plasma CCK in
rabbits fed casein or soy protein.

In initial experiments to evaluate
CCK Jevels the bioassay of Case and Clausen (1973) was
used. In rthis assay, the amyalase released by the uncinate
pancreases of baby rats (70-80g bhody weight) following
stimulation by known concentrations of CCK, is used to
quantitate CCK levels in unknow: samples. Fig. 5.5a shows
a4 typical dose response curve of amylase release v. CCK
concentration obtained with this assay. The minimal
concentration of CCK detected with any confidence is around
100pM. When rabbit plasma samples were used to assess CCK
levels (both fasting and post-prandial), no CCK was
detectable and it became apparent that this bioassay was
too insensitive for the planned experiments. However,
fortuitously a method was published in 1984 (Liddle et al,

1984) which allowed detection of CCK levels as low as IpM.
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Dose-response curve for CCK

The dose response curve was generated using either
a) baby rat uncinate pancreases or b) isolated rat
pancreatic acinar cells.

In a) each point is the meantSD for 4 determinations
and in b) the number of determinations (+SD) is
indicated in the figure.




Furthermore, mos: CCX detection assays had been haapered by
contamination due to cross—reactivity with gastrin but this
assay did not suffer frow this limitation. Therefore,
accordingly, this assay was utilised, which works oa the
same principle as that of Case and Clausen (1973), but
instead of using the whole uncinate pancreas, it utilises
acinar cells prepared from collagenase digestion of the
pancre=as.

Fig. 5.5b shows a CCK-dosc respouse
curve obtained using this assay. In comparison to Fig.
5.5a, it can be seen that the detecrion levels are far more
sensitive, and the assay can be used to measure fmol
amounts of CCK,

Fig. 5.6 shows the time—-course of
post prand.al release of CCK in rabbits fed casein and soy
protein., The mean level of CCK in the plasma of 10 fastinyg
rabbits determined individually was found to be 0.6 pM
{#0.18 SD) regardless of the type of diet that the
rabbits had been maintained on. The rclease of CIK
fcllowing a casein or soy protein containing diet is shown.

In both dietary groups post-prandial
levels of CCK rose above fasting levels and were maintained
throughout the 1 h duration of the experiment. However as
can be seen the response in the soy—-protein-fed rahbits wan
markedly higher than in the rabbits fed casein., Thia was
particularly prominent after 30 min. at which time the CCK

levels were three-fold higher in the soy-fed rabbirs,
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Fig. 5.6

Post-prandial relcase of CCK in rabbkits fed cascian (O)
or soy protein (@) dicts

Each value is the MeantSEM of 3 experiments. For each
experiment 2 rabbits were used. Following a 24h fast,
rabbits were fed for 5 min (shaded bhux) and then the food
was withdrawn.

The 30 min CCK level were sigrificantly higher in the soy
protein-fed rabbits (p<0.02).




Table 5.5

Effect on plasma cholesterol (mg/dl) of injecting
exggenous CCK-8 inte rabbits fed casein diet

Casein Casein {CCK-8)
bav O 226 (£7) 245 (+29)
Day 4 275 (#13) 209 (16)
~ thange + 227 - 15%

Casein-fed rabbits were injected either with saline
or CCK-8§ as iadicated in the methods

Values given are the means(#SEM) of 4 rabbits
per group. Over the 4 day period the treated group
received a toutal of IIGPg of CCK-8 each),.

The CCK-8 was generously prouvided by Dr. Miguel
Ondetti at the E.R. Squibb Rescearci. lustitute,
Princeton, NJ.
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These levels then declined such that at 35S ain, the CCX

levels were similar between the two groups. The rapid rise
in CCK levels in the soy protein-fed rabdbits was not seen
in the rabbits ted casein. In the latter group peak CCK
levels were attained after 15 min. and did not change

subsejuently.

5.3.3.7 Effects of exozenous CCK on plaswa cholesterol
levels in rabbit*s fed casein.

Tabdble 5.5 shows the result of one
study in which 8 rabdbits fed casein, were utilised., After
deteraining plasma cholesterol levels, the rabbits were
divided into two groups. Roth groups continued on the same
diet¥. One group received daily i.p. injections of CCK-%,
whereas the other received i.p. injections of saline as
outlined in the methods section.

As can he seen, the plasaa
cholesterol levels of the control rabbits, increascd by a
further 22% over the 4 day period (226 amyg/dl to 275 mg/dl).
Over the same time period, the plasma cholesterol level of
the treated rabbits actually decreased by 15T (245 wg/dl to
209 mg/dl). The increased plasma chulesterol levels in the
control group were apparent ia each of the 4 rabbhits,
Similarly, the decrease in the ecxperimental group, was also

apparent in each of the 4 rabbits.
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S.4. DISCUSSION

The enzymatic digestion studies of
cascin and soy protein in vitro confirmed the results
ubtained by previous workers in this laboratory (Woodward
and Carroll, 1985). These differences in digestibility of
casein and soy protein may be attributable to pH depeadent
changes in the solubility of the proteins since it was
shown that casein and soy protein were most soluble at
alkaline and acidic ph respectively (Woodward and Carroll,
1985). 1In vitrv, both proteins were poorly digested by
peptidase, since this enzyme acts specifically on amino and
carboxy termini of peptides, and is consequently less
effective against intact proteins. The fact that soy
protein was more readily digested by pepsin, whereas casein
was more readily digested by trypsin, suggested that in
vivo, one would expect better digestion of soy protein by
the stomach than casein, whereas the converse would be
cxpected in the duodenum.

From gel fractionation of the
proteins in the stomach conteats this was indeed found to
be true. For the rabbits fed soy protein, the clution
profile on Sephadex G-25 showed exteusive material of low
molecular weight, whereas very litt!l- low molecular weight
material was found in the rabbits fed casein. This is
simiiar to the results obtained by Yashiro et al., (1986)
using rats. These workers, additionally showed that the

elution profiles of proteins from the stomachs of rats fed
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S0y protein were essentially idenrical to the elution
profile of soy protein following its digestion by pepsin,
in vitro. One of the low molecular weight peptides
isolated from the stomachs of these suoy protein—-fed rats
was found to have a hypocholesterolemic action when fed to
mice. The hypocholesteroleamic effect of soy protein in
radbits, may also reside in one of the peptides produced ia
the stomach but a feeding study in the rabbit with one of
these isolated and purified peptides would prove guite
impracticall. This set of studies, showed quite clearly
that in vivo, soy protein is more readily digested in the
stomach than caseia.

From the nitrogen content of the
proximal and distal intestine it appeared that soy protein
was being digested more slowly than cascin, owing to the
fact that the total nitrogen content (sum of the proximal
and distal conteats) was higher for the soy protein—fed
rabbits in comparison to the total mass in cascin-fed
rabbits (358 mg v. 288 mg).

The SDS gel profiles showed that
there was an increase in the proportion of low molecular
weight proteins of the soluble fraction, in going from the
proximal to the distal intestine, in rabbhits fed soy
protein - 36% to BlX, whereas there was a4 decrease in the
proporation of high and intermcediate molecular weight

proteins - 44% to 19X collectively. This is consistent
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with a breakdown and digestion of the high and intermediate

molecular weight proteins as they traverse the iantestine.
This suggests that in the case of soy protein, digestion
occurs in the distal intestinal lumen. As an alkaline
environment pervades in the prozimal intestine, this does
not favour solubilisation of soy protein, which will result
in poorer digestion. For casein—fed rabbits, protein
digeston occurred more proximally since the molecular
weight distribution of the proteins was essentially siailar
in the proximal and distal intestinal contents. This may
reflect the fact that the alkaline pH in the proximal
intestinal lumen favours solubilisation of casein,
facilitating better digestion by trypsin. These results
are consistent with the results of enzymwnic digestion in
vitro,

Although differences in protein
digeston in vivo, may be dependent on the degree of
solubilisation, they may also be due to differences in the
pattern of enzymic activities in the proximal intestinal
lumen. Tt is known that the enzyme content of the pancreas
readily adapts to changes in dietary composition (Corring,
1977). Since the rabbits used for these studies had been
on their respective diets for 6-8 weeks, these changes may
already have taken place and consequently differing enzymic
activities may have played a role in addition to
differences in solubility. 1In mice, although decreased

activities of pancreatic enzymes .ere observed in animals
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fed soy protein coapared to those fed casein, a sigunificant

reduction was only noted in chyaotrypsin activity.

Additionally, total enzymic activities in the saall
intestine were unchaaged by the two diets (Roy and

Schneexan, 1981).

One of the aims of these studies was
to see if the digestion products of soy protein, in vivo,
sequestered bile acids (digestibility hypothesis).
Therefore, it was expected that if this hypothesis was true
more bile acids would be present, especially in the distal
inestinal lumen of soy protein—fed rabbits {(due to the fact
that they would have dbeea sequestered by the digestion
products of soy protein preventing their ability to bhe
reabsorbed). However, the intestinal content of bile acids
was found to be similar between the dietary groups. Higher
levels of ur’iges :4 protein have been correlated with
higher levels of bile acids in the intestinal contents of
aice fed a soy protein—-cholesterol diet compared to mice
fed a casein-cholesterol diet (Roy and Schnecaman, 1981}, A
similar result was obtained with pigs consuming cholesterol
containing diets although in this study plasma cholesterol
levels in the two dietary groups were siamilar (Scholz et
al, 19R5), In studies wi.h chicks fed atherogenic diets
both casein and soy prote. -‘fed chicks were ahle to

sequester bile acids in their intestinal lumen to a similar

degree (Sklan et al, 1979). In the most recent studies hy
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Kuyvenhoven et al., (1987), the digestibility of casein aké
soy protein was found to be siailar and these authors
concluded that the digestibility hypothesis cannot account
for the effects of dietary protein on plasma cholesterol
levels in rats.

The bile acids in the intestinal
contents were measured enzymatically following their
extraction from freeze dried intestinal contents. Though
the extraction procedure was Juantitatively able to extract
free bile acids, as determined using radiolabeled
deoxycholic acid, it may be that it was not able to extract
bile acids that were sequestered with other materials in
the freeze dried extracts. Even though the extraction
prtocedure is quite harsh, this possibdbility cannot be
totally excluded. One way to circumvent this problem, would
have been to feed radiolabeled deoxycholic acid as part of
the semipurified diet, allowing it to be sequestered by the
digestion products, in vivo. Then isolate the intestinal
coantents, obtain the soluble fraction, and determine the
radioactivity both before and after the extraction
procedure. However, due to the amount and cost of the
radiolabeled deoxycholic acid needed, this approach was not
possible.,

Another possibility to consider is
that different dietary treatments lead to differences in
the bile acid profile in the animal per se. If the bile

acids themselves are qualitatively different, then one may




not get a true Juantitative value since the enzymatic

aethod is based on reference to a deoxycholic standard.
This is also unlikely since precvious work has shown that
in the rabbit, the major bile acid is deoxycholic, and
though there may be changes in its pool size following
dietary manipulations, no Jqualitative differences result
(Hellstrom and Sorjvall, 1962). Futhermore the fecal bhile
acid output in soy protein-fed rabbits, measured
enzymatically, was found to be similar to values measured
by GLC (Huff and Carrol?!. 1980).

Therefore although the results cannot
rule out the possibility of seguestering of bile acids by
the digestion products of soy protein, they suggest that
this may be the same in the two groups (if indeed it takes
place). With similar levels of intestinal bile acids, how
can one explain the increased fecal output of hile acids in
rabbits fed soy protein (Huff and Carroll, 1980;
Kuyvenhoven et al., 19856). This can be reconciled if there
is increased mobility in the gut of soy protein-fed
rabbits. If the digesta is traversing the distal intestine
faster, this can lead to increased fecal output of bhile
acids. Faster migration of digesta in soy protein-fed rats
was found by Kuyvenhoven et al., (1987).

Attemp"s to measure gut transit using
PEG were inconclusive. These results suggested that soy

protein was migrating faster in the stomach than cagein, In
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the proximal intestine migration was slower for soy
protein. In the distal intestine amigration was faster for
soy protein. Hence even though the distal intestinal
contents of bile acids were similar for the two groups of
rabbits, an increased amobility in the distal intestire aay
be an explanation for increased fecal output of bile acids
in rabbits fed soy protein. Furthe: experiments are needed

to completely resolve this point. Roskowski et al., (1986)

could not find any differences in overall digestion of
casein and soy protein in vivo of rabbits fed these diets.
However these workers made no measurements of intestinal
bile acids. A faster migration through the gut in soy
protein—-fed rabbits may also explain the presence of more
nitrogen and could account for the decreased apparent
digestion, since a faster transit time would mean that the
protein is exposed to the digestive enzymes for a shorter
time period.

Postprardial release of CCK was
clearly different between the two dietary groups. The
results presented are from 3 experiments per dietary group.
In each experiment pairs of rabbits were bled at the times
indicated, so that in any experiment, the time-course
profile of CCK release is from the same two animals. In
another earlier series of pilot experiments, a total of 28

rabbits were used and the time course profile gemerated 5j

using 1 rabbit to provide a CCK value at a given time

(results not shown). This profile was essentially identical

e




171
to the one shown in Fig. 5.6 with peak CCK levels in soy

protein—fed rabbits ocurring after 30 min.

This is the first assessmeat of CCK
levels in the rabbdit with the use of this seansitive
biocassay. The fasting levels obtained in rabbits is
essentially similar to those observed in rats, 0.18pM
(Liddle et al., 1984) and man, 0.2pM, (Liddle et al.,
1985). The postprandial levels in rats and man are 6-SpM
which is in the same order of magnitude for the soy
protein—-fed ravbits. However although this result of the
effect of casein and soy protein on CCK release is
consistent with the hyporhesis outlined, several points
have to be considered whilst interpreting the data.

Firstly it is not known what are the
circulating forws of CCK in rabbits. Tt may be CCK-8,
CCK-33, CCk-39 or even a longer variation of the parent
molecule CCK-58. As the assay is based on a CCX-8 staadard,
the results should really be expressed as CCK-8
"equivalents". The measuremeats reported are based on the
ability of rabbit CCK to stimulate amylase release from rat
acinar cells. The CCK receptors on the rat acinar cells may
not be fully able to recognize the rahbit CCK. This may be
a factor responsible fur the lower 1 vels of CCK found in
the rabbit.

Secondly the ncrmal effectors of NCK

release in the rabbit are not known. Rased on work with
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rats and humans (Liddle et al., 1984 & 1985; Owyang et al.,

1986; Louie et al., 1986) the breakdown products of protein
digestion are likely to stiaulate CCK release, but it is
not known whether these will be specific amino acids or
peptides. In the rat it has been shown that proteins, but
not anino acids stimulate CCK release (Liddle et al.,

1986).

Thirdly the roles of CCK which have
been established in man, namely regulation of gastric
emptying, regulation of gallbladder contraction etc., have
to be shown tu be operating in the rabbit.

Nevertheless, despite this, the
increased release of CCK in soy protein—-fed rabbits was
consistent with the basic tenets of the proposed
hypothesis. However it should be mentioned that for these
experiments, 2.5kg rabbits were being used. As & blood
samples were obtained from each animal over the lh of the
experiment'’s duration, this corresponds to 20% of their
blood volume. A decrease in blood volume of this magnitude
could result in the .elease of catecholamines, which might
have contributed to the values of CCK observed.

The results from the exogenous
injections of CCK were essentially in agreement with the
proposed hypothesis. Although the results obtained

were from a few animals, and the changes in plasma

cholesterol were not that dramatic, the trend was quite

clear. [Again though, it should be stressed that as the
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food consuaption of the rabbits was not wmonitored, the
chserved results may have “een due to a satiety effect of
CCK. The dose injected (3.9 Fs/kg body weight) is certainly
within the range (1-10 Pg/kg) at which satiety effects are
seen in other species (Smith and GiiLbs, 1984), although
there are no published data for the rabbit.] A more ideal
experiment might have been to use a larger number of
rabbits fed casein for a longer time period, injecting CCK
into half of them and saline into the rest, then switch
treatments and see what this c¢ffect thisx had on plasma
cholestero’l levels, However this would have necessirated
the use of large amounts of CCK, and besides the cost
involved, the long term effects . injectianyg CCK is uot
known.

In summary, the results from the
series of studies reported in this chapter showed,
1) Increased digestion of soy protein and casein hy pepsin
and trypsin, respectively, in vitro.
2) Gel-fractionation of the stomach contents of soy
protein-fed rabbits showed soy protein to he bhetter
digested than casein.
3) Analysis of intestinal ccontents from casein and soy
protein-fed rabbits suggested thuat, in vive, the slower

digestion of soy protein may be due to an increa.ned

mobility, which would decrease the exposure time to the

intestinal enzymes.
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4) Intestinal contents of bile acids were similar between
the two dietary groups, suggesting that both proteias may
sejuester bile acids in vivo, to siailar degrees (if iandeed
they sejuester bile acids).

S) Fasting levels of CCK were measured in rabbits and were
found to be 0.6 pM, regardless of the dict that the
animals had been maintained on.

6) Post-prandial release of CCK was 3-fold higher after 0
aia in soy protein—fed rabbits compared to the CCK release
in casein-fed rabbits.

7) Over a &4 day period, exogenous injections of CCK tntw
casein—-fed rabdbits resulted in a 15% decrease in plasaa

cholesterol levels. In contrast th: plasaa cholesterol in

casein-fed rabbits, not receiving any CCK, rose by 22T.




CHAPTER 6

GENERAL DISCUSSION AND SUMMARY

Although dietary proteins have the ability to
aodulate plasma cholesterol levels, especially in the
rabdbit, their role ia human autrition is less clear cut.
With the exception of Sirtori's group in ltaly, and a few
scattered reports in the literature, their beneficial
effects in man resains unresolved. One of the reasons for
this may be that the level of protein fed to a rabbit, to
produce an effect, is generally much higher than the level
of protein consumed in a typical North American diet, and
this may be one reason why their is iansufficient evidence
for the lack of an effezt in wman., Nevertheless, even from
an academic viewpcint, it would be aentally rewarding to
sort ovut the mechanism. From the introductory chapter it
will bhe noted chat there differences within species. It may
therefore be that there is no all encompassing hypothesis
or mechanism which will explain the effect. There may be
several possibilities ‘n any one species, let alone several
different species,

The rabbit has been much utilised in studying
the effects of dietary protein on cholesterol metabolism.
Ironically, the rabbit {3 a vegetarian, and feeding it
dietary animal protein is definitely not "physiological™.
This fact will still have to be remembered if and when the

mechanisme is elucidated fully.
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Given this limitation, the physiolog.cal
scheame for cholesterol metabolism was outlined in Chapter
l. The responsze to dietary protein may be due to
differences at aore than oane stage, such that the respoanse
seen after feeding casein or soy protein, may itself be a
aulti-step process. Deciphering which is the first step,
may be fraught with difficulties. Even if the action of
casein and soy protein can be explained, one then has to
explain the effects of a variety of dietary animal aand
plant proteins which have been shown to be hyper and
hypocholesterolemic, respectively (Haamailton and Carrol?l,
1976).

The kinetic experiments collectively have
shown that the LDL pool rises because of impaired receptor-
dependent catabolism. These studies have shown for the
first time that it is the protein coaponent of the diet
that is sponsible for the effect in rabbits, and more
generally these are also the first studies using
cholesterol-free diets unlike the studies in rats which
utilised cholesterol=-containing diets (Sirtori et al,,
1984; Cohn et al.,, 1984; Lovati et al., 1985; Cohn et al.,
1985). The fact that LNL receptors were down-regulated
within S days of feeding casein diet (Chaprter 4) suggests
that this is an early event,

The rapidity of down-regulation of LDL

receptors seems to favour 4n initial, rapid triggrer




switched 2a by the protein coantent of the diet. The V77
postprandial release of CCK supports this argumen®, since
dietary protein is one of the effectors of ZCK release. CCK
also provides for a quick route to regulate liver
cholesterol levels, by means of feedback inhibition of
liver cholesterol synthesis as a consejuence of gallbladder
bile acids. The alternative route (iaplicated by the
digestibility hypoythesis) is one where bile acids first
have to reach the “istal intestine, and then find their way
back to the liver. This route is longer. Furtheraore it is
dependent on the ability of the ingested material to
traverse the stomach, the proxiaal intestine and eventually
find its way to the distal intestine, the site of bile acid
reabsorption. [f CCK has a role in wmediating the effect,
then the ingested aaterial has siaply to traverse the
stomach and it will stimulaie CCK release.

Additionally CCK provides a theoretical
esplanation for how other plant and aniamal proteias could
mediate their effects on plasma cholesterol. Th.s could be
reconciled by the differing solubilities of plant and
aniaal proteins in the stomach, and their subsequent
ability to release peptides into the duodenum which #ill
stimulate CCK release. Since the rabbit is a vegetarian,
its normal physiology will be well suited to digesting
plant proteins, more effectively than animal proteins,

It could be that CCK is simply the initial

trigger and subdbsequent events are mediated by events in the
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intestine. This i3 slso coasistent if one considers the
situation in the rabbit when hypercholestervlemia is
developing (non steadvy-state) as opposedl to the rabbit with
a steady—state level of cholesteral. If iapaired CCK
release is the cause of events which lead tu iacreases in
plasma cholesterol than the latter would continue to
increase indefin‘tely, unless the body adapted. This
adaptataion to the steady-state isx by increasing bile acid
and cholesterol absorption from the intestine.

Of course the adove speculations stem from the
observation that postprandial levels of CCK are lower in
casein—fed rabbits in comparison to soy prot=in-fed
rabbits. These effects of CCK have not beea correlatsd with
effects on gallbladder emptying. Recently, Rauer (194K)
found that gallbladders of casein-fed rabbits wece larger
than rabbits fed soy protein. Be postul ted that the
differing respose of dietary proteian on plasmsa cholesterol
may be mediated by differences in gallhladder contraction.
If this effect can be established and some of the
experiments outlined at the end ot the previous chapter
(with regirds to characterization of rabbirt TCK) are
carried out, one will be in a4 better position to appraisce
the role of CCK. If the hypothesis holds rtrue, rhen ir
should be possibdle to prevent iampaired receptor-dependent

catabolism seen in casein-fed rabbits (over the firge v

days of feeding the casein diet) by injecting the 1abbity
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i.v. with CCK to match postprandial TCKX levels seen ia soy

protein~fed rabdbitvs.
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Given this limitation, the physiological
scheae for cholesterol metabolism was outliaed in Chapter
1. The respoase to diatary protein may be due to
differences at more than one stage, such that the respouase
seen after feeding casein or soy proteia, may itself be a
aulti-step process. Decipheriang which is the first step,
may be fraught with difficulties. Even if the action of
casein and soy protein can be explained, onc then has to
explain the effects of a variety of dietary animal and
plant proteins which have been shown to be hyper and
hypocholesterolemic, respectively (Hamiltoan aand Carroll,
1976).

The kinetic experiaments collectively have
shown that the LDL pool rises because of iampaired receptor-
dependent catabolism, These studies have shown for the
first time that it is the protein covaponent of the dict
that is .sponsible for the effect in rabbits, and more
generally thesc are also the first studies usiag
cholesterol-free diets unlike the studies in rats which
utilised cholesterol-containing diets (Sirtori et al,,
1984; Cohn et al., 1984; Lovati et al., 1985; fohn et al.,,
1985). The fact that LDL receptors were down-regulatved
within 5 days of feeding cascin diet (Chapter &) suggests
that this is an early event.

The rapidity of down-regulation of LDL

receptors seems to favour an initial, rapid trigger
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