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ABSTRACT

This study was undertaken to investigate the short and

long-term eftects of pectin (5%) and ascorbic ac:u (1 wg/ul
drinking water), either alone or in combination, on lipid
status in mice receiving a semi-syn‘..tic diet ~ontaining 1%

cholesterol. Feeding the pectin diet ad libitum to mice (or
4 weeks resulted in significantly 1lower plasma levels of
total cholesterol (T-C), triglycerides (TG) and low-density
lipoprotein .nolesterol (LDL-C), as well as, hepatic levels
of T-C than those of the animals receivirg a diet containing
1% cholesterol alone. The magnitude of reductions in plasma
T-C and LDL-C was even more pronounced when the pectin
containing high cholesterol diet was fed for 12 weoeks.
Plasma high-density 1lipoprotein cholesterol (HDL-C) was
found to be reduced while the HDL-C/LDL-C ratio was
increased, in animals receiving pectin for 12 weeks. Similar
changes in plasma 1lipid 1levels were observed in animals
receiving a high cholesterol diet containing 5% pectin, but
isocalorically, for 8 weeks. Furthermore, fecal cholesterol
concentrations of these animals were similar to those
receiving isocalorically a 1% cholesterol d:=t without
pectin. These results indicate that the pe~tin-associated
changes in 1lipid profile were not the reflection of food
intake or lipid absorption.

Daily administration of ascorbic acid to high

cholesterol fed animals for 12 weeks resulted n



significantly 1lower plasma T-C and HDL-C concentrations than
those of the high cholesterol-fed control animals. The
plasma LDL-C and TG concentrations, however, remained
unaffected by ascorbic acid supplementation. Interestingly
enough, the vitamin supplementation for 12 weeks resulted in
a marked elevation in the hepatic concentration of
cholesterol. The histological examination of the liver of
these animals also revealed excessive lipid droplets in
I ~zr ~vtes. Fezding pectin conconitantly with ascorbic acid
vho. “ o syn2rgistic effect in lowering lipid status. The
hypolipidemic effect observed in this study was essentially
attributed to pectin alone.

The pectin associated reduction in choles*erol status
is clearly evident in mice. This effect does not seem to be
the reflection of total food intake or absorption. Since
this species does synthesize ascorpic acid endogenously, the
true effect of ascorbic acid cannot be determined until this
study is carried out in species such as guinea pigs, which

are unable to make the vitamin in their body.
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CHAPTER 1. INTRODUCTION

1.1. CHOLESTEROIL METABOLISM

Cholesterol is a lipid (steroid) essential for the
body which serves as structural component of cell
membranes. Its derivatives, such as bile acid, steroid
hormones and vitamin D play an important role in the body

(Ginter et al., 1982a; McMurray, 1983 and Mayes, 1988).

1.1.1. SYNTHESIS

Cholesterol in wammals is mainly synthesized in the
liver (approximately 50%) and gut (approximately 15%), but
it can also be synthesized in the skin and to a lesser
extent in almost all other tissues (Mayes, 1988 and Guyton,
1986) .

In humans the endogenous cholesterol is synthesized
from acetate, Indtially two molecules of acetyl-CoA
condense e} foirn acetoacetyl-CoA. The
3-hydroxy-3methyl-~glutaryl CoA (HMG CoA) is formed from the
reaction of acetocacetyl-CoA with a further acetyl-CoA
molecule. The intermediate HMG CoA is reduced to mevalonic
acid in the presence of NADPH.H' and it is catalyzed by
3-hydroxy-3-methylglutaryl-CoA reductase (Fidanza et al.,
1982). The HMG CoA  pathway is considered to be

quantitatively the most important in cholesterol



biosynthesis (Mayes, 1988). Cholesterol is subsequently
formed through several steps via mevalonic acid and
squalene (Fidanza et al., 1982). The cholesterol regulation
in the 1liver occurs by a feedback mechanism, which is
mediated by changes in the activity of HMG-CoA reductase;
the key enzyme in cholesterol synthesis (Stryer, 1981).
Dietary <cholesterol inhibits the HMG-CoA reductase in the

liver and can inactivate the existing enzyme molecule.

l.1.2. TRANSFORT

The cholestercl transport via lipoproteins is outlined
in Fig. 1.1. Exogenous cholesterol is absorbed from the
intestine and it is incorporated into chylomicrons.
Chylomicron remnants originated from the hydrolysis of
triglycerides of chylomicrons are removed by the liver.
Very 1low-density 1lipoproteins (VLDL) are secreted by the
liver and then degraded into VLDL remnants, which can be
removed by the liver or be transformed to LDL (Grundy, 1986
and Vega and Grundy, 1987). Approximately two-thirds of the
cholesterol in the blood is found in LDL which is the major
cholesterol-carrying 1lipoprotein in the plasma (McGilvery,
1983). Most of the LDLs carrying cholesterol in the form of
cholesteryl esters can be removed directly from the
circulation by LDL receptors on the liver cells and a
smaller fraction 1is taken up by extrahepatic tissues

(Goldstein and Brown, 1984 and Grundy, 1986).
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Figure 1.1 Transport of cholesterol via lipoprotein
(modified after Grundy, 1986)




In the cells the LDL binds to specific receptors on
the plasma membrane. The LDL-receptor complex is
incorporated into the cell by endocytosis. Vesicles
containing LDL fuse with 1lysosomes, and the cholesteryl
ester is hydrolyzed b, 1lysosomal 1lipases to free fatty
acids and free choleusterol. In all cells, chd’ :aterol is
incorporated in newly synthesized surface membranes,
however, in some specialized cells cholesterol can be
convarted to steroid hormones (adrenal gland and ovary) and
bile acids (liver). Excessive cholesterol within the cell
is esterified in the Golgi apparatus into cholesteryl
oleate by acyl CoA-cholesterol acyl transferase (ACAT). It
suppresses the synthesis of endogenous cholesterol by
reducing HMG CoA reductase activity and also inhibits the
production of LDL receptors (Brown and Goldstein, 1984).

High-density lipoproteins (HDL) are synthesized by the
liver and gut. It appears to take up cholesterol from extra
hepatic tissues back to the liver, consequently preventing
its accumulation on those tissues. This process has been
called "reverse cholesterol transport". The free
cholesterol on HDL is esterified by the enzyme lecithin
cholesterol acyltransferase (LCAT) to cholesteryl ester.
The latter can be transferred to VLDLs and IDLs, and
consequently be removed by the liver (Fidanza et al., 1982;
Stryer, 1981; McGilvery, 1983; Grundy, 1986 and Mayes,

1988) .



1.1.3. CATABOLISM

Bile acids ara the principal products of the
cholesterol catabolism, which takes place in the liver cells
(Mayes, 1988) . About 30-60% of the daily cholesterol
production is converted to bile acids, being those deliveired
into the small intestine in the bile secretions (Linscheer
and Vergroesen, 1988) (Fig. 1.2, A).

in man, cholic and chenodeoxycholic acid are the
primary bile acids, being synthesized in the liver directly
from cholesterol. They undergo changes 1in the gut by the
intestinal flora, forming deoxycholic and lithocholic acids,
the secondary bile acids (Mayes, 1988).

Approximately 98% of the bile acids are reabsorbed by
the gut mucosa (ileum) and then returned to the liver via
the portal vein, a process called "enterchepatic
circulation" (Mayes, 1988) (Fig. 1.2, B). The small amount
of bile acids not reabsorbed are eliminated in fece=s
(Einarssom and Angelin, 1986) (Fig. 1.2, C).

The formation of bile acids is believed to be under a
negative-feedback control by the bile acids reabsorbed in
the gut (Mayes, 1988) (Fig. 1.2, D). The rate-limiting
reaction in the pathway for bile acids synthesis is the
Ja-hydroxylation of cholesterol, which is catalyzed by the
enzyme 7o0~-hydroxylase (Linscheer and Vergroesen, 1988). This
enzyme is 1located in the liver microsomes and belongs to a

group called "mixed~-function oxygenase", which
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requires several components such as demethylating

substrates, flavoproieins, a cytochrome P450 hemo protein,
oxygen and NADPH (Fidanza et al., 1982 and Basu and
Scnorah, 1982). Bile acids can inhibit the 7&-hydroxylase,

however the exact mechanism is not clear (Mayes, 1988)

The  enterohepatic  clirculation  of  bile acids is very
important to the control of the body’s cholesterol pool.
Normally, a constant pool of bile acids is maintained since
an equivalent amount to that 1lost in the feces is
synthesized in the 1liver (Fidanza et al., 1982 and Mayes,
1988). If the enterohepatic <circulation of bile acids is
interrupted, the negative feedback of the conversion of
cholesterol to bile acids 1is eliminated, more bile acids
are excreted in the feces and the enzyme 7a-hydroxylase is
activated. Thereby, more cholesterol is converted to bile
acids in an effort to maintain its pccol. These changes,
reduce the concentration ot cholesterol in the liver cells.
Thus, the synthesis of LDL receptors is increased and then
more LDL-C 1is «cleared by the liver. Consequently, the
plasma levels of cholesterol are reduced (Mayes, 1988 and
Linscheer and Vergroesen, 1988).

Some substances, such as cholestyramine resin and some
dietary fibers, which can enhance the elimination of bile
acids in the feces, appear to be of great significance on
the control of hypercholesterolemia. These factors are

discussed in the following sections (1.3 and 1.4.3).



1.2, CHOLESTEROL RELATED DISEASE

The excess of cholesterol in the body can tead to
cholesterol deposition in plaques within the intimal lining
of the arteries resulting in atherosclerosis and thereby
enhancing  the risk  for covonary hearvt discacse (CHD) , the
leading cause of death in the Western World (Rifai, 1986;
Fletcher and Rogers, 1985 and Consensus Conference, 1985).

Hypercholesterolemia in the majority of the cases
results from elevation of the plasma low-density
lipoprotein cholesterol (LDL-C) which appears to be the
most atherogenic lipoprotein (Grundy et al., 1986 and
Grundy, 1987). The LDL-C when 1in excess in the blood is
deposited in ihe arterial wall leadairg to atherosclerotic
ptaque (Consensus Conference, 1985). In fact several
studies have shown that an elevated level of LDL-C but a
reduced level of high-density 1lipoprotein-cholesterol
(HDL-C) 1is related to an increased risk of CHD (Rifai,
1986; Ginter et al., 1982b; Andercon and Tietyen-Clark,
1986 and Grundy, 1986).

Epidemiological studies have supported a causal
relationship between blood cholesterol 1levels and CHD
(Consensus Conference, 1985; Rifkind, 1986 and Canadian
Consensus Conference on Cholesterol, 1988). Prospective
studies such as the Framingham Heart Study, the Pooling
Project, and the Multiple Risk Factor Intervention Trial

(MRFIT) have described the 1link between elevated blood



cholesterol levels and CHD. Thae higher the blaod

cholesterol, the greater the risk (Vega and Gruoady, 1987

and Anderson and Tietyen-clark, 1986) . According to the
National Institutes of Health Cholesterol Consensus
Confoerence (198%5) a moderate  hypercholesterolemia L

considarad whon  plasma ohiolanrirol Lovelas  ewoceds 240
mg/dl. Approximately 15% of middle-age American men appear
to present plasma cholesterol levels exceceding this level
(Vega and Grundy, 1987).

The Lipid Research Clinics Coronary Primary Trial,
CPPT (1984) demonstrated that the reduction of blood
cholesterol <could significantly decrease the incidence of
myocardial infarcticn. It was shown that each 1% reduction
in plasma cholesterol is associated with approximately a 2%
reduction 1in CHD rates. Based on the =vidence from all
these epidemiologic and interventional studies it is
apparent that elevated blood cholesterol levels, especially
cholesterol from LDL are closely related to the incidence

of CHD.

1.2. DRUGS CONTROLLING BLOOD CHOLESTEROL

A variety of hypocholesterolemic drugs have been used
to 1lower plasma cholesterol levels. These include the bile
acid sequestrants (cholestyramine and colestipol),
probucol, nicotinic acid, clofibrate and gemfibrozil

(Consensus Conference, 1985). In addition, mevinolin is



10

another class of drugs currently available for treating
hypercholesterolemic patients (Miettinen and Kasanienmi,
1986 and McMurray, 1983). Almost all these agents are known
to present side effects (Miettinen and Kasaniemi, 1986;
Grundy, .986 and Consensus Conference, 1985).

Bile acid sequestrants have been largely studied in
clinical trials and in experiments. They bind bile acids in
the intestine thus preventing their reabsorption (Miettinen
and Kasaniemi, 1986 and Ginter et al., 1981). However, they
may produce or worsen constipation as well as hemorrhoids,
and interfere with normal fat absorption, consequently
reducing the absorption of fat soluble vitamins, such as
A,D,E, and K (Canadian Pharmaceutical Association, 1987).
Probucol lowers plasma total cholesterol by 10 to 25% and
the LDL-cholesterol 1levels by 10 to 15%, probably due to
enhanced catabolism of LDL (Einarsson and Angelin, 1986).
However, this agent also decreases the HDL-cholesterol,
which 1s considered to be a protective factor for CHD, and
may raise the serum triglycerides (Kaseniemi and Grundy,
1984; Miettinen and Kasaniemi, 1986 and Canadian
Pharmaceutical Association, 1987). The use of nicotinic
acid (niacin) in 1large doses (2-4 g/day) in the treatment
of hypercholesterolemia, can precipitate many unpleasant
side effects such as flushing of the face and skin
reactions (Miettinen and Kasaniemi 1986).

Fibhric acid derivatives, such as clofibrate and

gemfibrozil, most widely used nypolipidemic agents, have
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been reported to reduce plasma concentrations of
chiolesterol by reducing the activity of HMG-CoA reductase
(McMurray, 1983). They can also decrease the VLDL-C levels
by 1lipolysis (Einarsson and Angelin, 1986 and Mayes, 1988).
Two large 1long term trials have shown that the users of
clefibrate had increased frequency of gallstone disease,
since it increases the cholesterol saturation in bile
(Einarsson and Angelin, 1986 and Canadian Pharmaceutical
Association, 1987). Compactin and mevinolin are other
drugs, which lowers serum cholesterol 1levels through
inhibiting HMG-CoA reductase, the rate~limiting enzyme in
cholesterol synthesis (Illingworth and Sexton, 1984;
McMurray, 1983 and Grundy, 198€¢). Since, mevinolin has been
used only recently, its potential toxic effects have not
yet been reported (Grundy, 1986).

Since most hypocholesterclemic agents are potentially
toxic if they are used on a long-term basis, dietary
modifications should be the choice of health care teans,
who are responsible for the treatment of the

hypercholesterolemic patients.

1.4. NUTRITIONAL FACTORS AFFECTING CHOLESTEROL

METABOLISM

Most mild forms of hypercholesteromia appear to be
related to diet (Grundy, 1984). Therefore, it is of

interest to examine the role of dietary factors on
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cholesterol metabolismn.

1.4.1. CHOLESTEROL, SATURATED FATTY ACIDS AND TOTAL

CALORIC _.ITAKE

The major dietary factors 1 appear to be
responsible for the high 1levels of cholesterol among
Western populations are saturated fatty acids and
cholesterol (Grundy, 1986 and Grundy, 1987). The work of
Goldstein and Brown (1984) on the LDL receptors was
fundamental to clarify the mechanism by which dietary fat
influences plasma cholesterol levels (Grundy, 1986). This
mechanism is summarized in Fig. 1.3.

Saturated fatty acids and dietary cholesterol reduce
the LDL receptor activity, consequently the fractional
catabolic rate (FCR) of LDL-C is decreased (Rifkind, 1986;
Vega and Grundy, 1987 and Goldstein and Brown, 1984). This
mechanism is explained by a down regulation of LDL receptor
activity, a feedback control. The synthesis of LDL
receptors is controlled by amounts of cholesterol in the
liver cells, so when the concentration of cholesterol
inside those cells increases, the LDL receptors will be
suppressed (Goldstein and Brown, 1984, Grundy, 1987 and
Pyorala, 1987) . The uptake of LDL from plasma into the
cell is reduced thus increasing the plasma LDL
concentrations (Rifkind, 1986 and Grundy, 1986). The VLDL

remnants enter the liver in a slower rate, being converted



LIVE >

SATURATED
FATTY ACIDS

AND
CHOLESTEROL

V0LDL

LDL ~
RECEPTORS 574' o«

13

VLDL REMNANTS

OTHER
TISSUES

LOL

Figure 1.3 Effect of a diet high in saturated fats,

cholesterol and calories
metabolism of lipoproteins

Grundy, 1986).

(obesity) on the
(modified after



14

to LDL in elevated amounts and also increasing the plasma
LDL levels (Goldstein and Brown, 1984 and Grundy, 1986).
Total caloric intake is another factor that can affect
plasma lavels of cholesterol. A high caloric intake
(obesity) leads to an overproduction of VLDL, consequently
raising the LDL 1lev«ls, as shown in Fig. 1.3 (Grundy,

1987).

1.4.2. POLYUNSATURATED FATTY ACIDS

Polyunsaturated fatty acids such as 1linoleic acid
(omega-6 series), have been reported to 1lower plasma
cholesterol 1levels. Their mechanism of action appears to be
related to the parallel reduction of IDL-C levels and
particles number (Grundy, 1987). However, the long-term
effects of polyunsaturated fatty acids as a substitute for
saturated ones 1is unknown. It has been reported that they
can lower HDL-C, and potentiate carcinogenesis as well as
immunosuppression in laboratory animals (Grundy, 1986).

Polyunsaturated fatty acids with long-chain fatty
acids of the omega-3 series, particularly eicosapentaenoic
acid (EPA) present in some fish oils, have been reported to
lower VLDL and LDL in normal subjects (Bierman and Chait,
1988). The association of EPA with 1low incidence of
atherosclerosis has been observed 1in populations on
fish-based diets (Fletcher and Rogers, 1985 and Bierman and

Chait, 1988). Studies have shown that high dietary levels
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of EPA result in prolonged bleeding time and decreased
platelet aggregation (Fletcher and Rogers, 1,85). However
the role of the omega-3 series of polyunsaturated fatty
acids on the treatment and prevention of hyperlipidemia is

not completely clarified (Bierman and Chait, 1988).

1.4.3. DIETARY FIBER

Dietary fibers, especially water-soluble ones such as
pectin (Kay and Truswell, 1977; Lee and Han, 1985; Anderson
and Tietyen-Clark, 1986; Sable-Amplis et al., 1987 and
Kritchevsky, 1987), oat meal (Shinnick et al., 1988) and
guar-gum (Superko et al., 1988) have lkeen reported to lower
serum cholesterol in humans and in experimental animals.
However, wheat bran, an insoluble fiber, appears to have no
effect on plasma and liver cholesterol levels (Kritchevsky,
1987) .

Pectin (polygalacturonic acid compounds) is a mixture
of complex carbohydrates (Baig and Cerda, 1981) that is
present in vegetables and fruits (Wolthuis et al., 1980).
This non-absorbable polymer appears to be capable of
forming gel in the intestine with water and acid (Hillman
et al., 1986; Ginter et al., 1982b and Southgate et al.,
1986) . The precise mechanism by which pectin exerts its
hypocholesterolemic effect has not yet been clarified (Kay,
1986 and Kritchevsky, 1987). The major hypothesis is that

pectin binds bile acids in the intestine, thus decreasing
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their enterohepatic recirculation (Anderson and
Tietyen-Clark, 1986 and Kay and Truswell, 1977). More bile
acids will be excreted in the stool consequently less bile
acids return to the liver. This will prevent the negative
feedback of bile acid synthesis when in presence of
elevated bile acid pool, so more cholesterol will be
catalyzed to bile acids (Kay and Truswell, 1977; Ginter et
al., 1982b; ILee and Han, 1985; Ahrens et al., 1986 and
Anderson and Tietyen—-Clark, 1986). It has been also
suggested that pectin may interfere directly with
cholesterol absorption via intestinal morphofunctional
changes (Judd and Truswell, 1985 and Vahouny et al., 1988).
Because pectin reduces the total plasma and liver
cholesterol concentrations, it may also alter the lipid
composition of 1lipoproteins. Evidence to date indicates
that the influence of pectin on the lipoprotein profile in
plasma is variable. Thus, high-density lipoprotein
cholesterol (HDL-C) concentration in plasma has been found
to be unaltered in normocholesterolemic humans and animals
(Judd and Truswell, 1982 and Schneeman et al., 1984), while
hypercholesterolemic rats appear to be associated with an
increased HDL-C concentration (Chen and Anderson, 1979 and
Chen et al., 1981), when feeding a diet containing 10%
pectin. Unlike in rats, feeding a high pectin diet to
hypercholesterolemic minipigs (Ahrens et al., 1986) was
found to lower plasma levels of both HDL~C and low-density

lipoprotein cholesterol (LDL-C). Another study (Vigne et
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al., 1987) 1in rats fed either a low-fat diet or a high-fat
cholesterol diet, both supplemented with pectin, reported
that LDL-C and very low-density 1lipoprotein cholesterol
(VILDL-C) in plasma were significantly reduced only when a
low fat diet was given; however the HDI-C was not changed.
It seems that the conflicting results among these studies
might be due to a rnumber of variables such as experimental
diets, 1initial choiesterol status, duration of the study,

and species used.

l1.4.4. VITAMIN C

The previous review of cholesterol synthesis,
transport and catabolism was intended to provide the basis
for a better understanding of the mechanism by which
vitamin C (L-ascorbic acid) intervenes into cholesterol
metabolism.

In the 1last two decades the influence of vitamin C on
cholesterol metaboclism has been the subject of a number of
investigations (Ginter, 1975; Ginter and Bobek, 1981;
Fidanza et al., 1982; Hollowuy and R2s.vers, 1984 ; Erden et
., 1985 &and 0O’Brien and McMurray, 1988). First studies of

relationship among L-ascorbic acid, lipid metabolism

-herosclerosis were carried out either on animals

zing vitamin C (rats and rabbits) or on vitamin C

d guinea pigs, with scurvy symptoms (Ginter et al.,

j- These conditions do not reflect the situation in
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human nutrition. It is very difficult to interpret any
metabolic Jdisorder encountered in scorbutic animals since
it is a complex state. The animals may present loss of
welilght, anorexia, hemorrhage and a complex metabolic
unbalance (Basu and €£chorah, 1982 and Ginter et al.,
1982a). A more suitable model for biochemical research was
developed by Ginter (1975). A vitamin C-free diet was given
te guinea pigs during two weeks in order to deplete their
tissue stores. Then a maintenance dose of ascorbic acid
(0.5 mg of vitamin C daily) was given during 30 weeks which
prevented symptoms of scurvy, thus 1low vitamin C tissue
levels were maintained leading to a chronic latent
hypovitaminosis C (Ginter, 1975 and Ginter et al., 1982b).

Extensive studies, using guinca pigs with subclinical
vitamin C deficiency (Ginter, 1975 and Ginter and Bobek,
1981) and inherently scorbutic rats (Horio et al., 1987 and
Kono et al., 1988), have been carried out demonstrating
elevated plasma and 1liver cholesterol concentrations, a
decreased HDL-C level, an increased plasma cholesterol
half-life, an increased ratio of total cholesterol/high
density lipoprotein (HDL-cholesterol), and increased
cholesterol concentrations in gallbladder bile.

Several studies (Ginter, 1975; Bjorkhem and Kallner,
1976 and Holloway and Rivers, 1984) have shown that
ascorbic acid is necessary for cholesterol transformation
to bile acid. It has emerged from these studies that

ascorbic acid stimulates the activity of the enzyme
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7a—-hydroxylase, via the microsomal cytochrome P450, which
mediates the transformation of cholesterol into

7a-hydroxycholesterol (Fig. 1.4). It has been observed that

marginal vitamin C depletion in guinea pig: (Basu and
Schorah, 1982) and in inherently scorbutic rats (Horio et
al., 1989) leads to reduced activity of 7x~-hydroxylase. The

exact mechanism by which ascorbic acid intervenes into the
turnover of microsomal cytochrome P450 is not yet clarified
(Ginter et al., 1982b).

The influence of ascorbic acid on the metabolism of
the 1lipoproteins has also been investigated. It has been
reported that the increase of total cholesterol in guinea
pigs with marginal vitamin C deficiency is related to an
increase of LDL-C, since the concentration of HDL-C is only
slightly reduced (Ginter et al., 1982b). A recent
experiment was carried out (Ginter and Jurcovicova, 1987)
to elucidate the effect of marginal vitamin C deficiency on
plasma LDL turnover of guinea pig. LDL receptors were
measured in "vivo" by determining the rate of disappearance
of 1251-1abelled IDL from the circulation. The fractional
catabolic rate (FCR) for LDL was also calculated. It was
found that wvitamin C deficient gquinea pigs had higher
levels of liver and plasma cholesterol, and 1longer
half-life as well as 1lower FCR of plasma LDL compared to
those of the control animals. It is claimed (Ginter and
Jurcovicova, 1987) that a chronic state of vitamin c

deficiency may 1lead to decreased vitamin C in hepatocytes,
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reduced activity of cholesterol 7& -hydroxylase 1in the
liver, reduced transformation of cholesterol into bile
acids, accumulation of cholesterol in the liver, decreased
production of TIDI, receptors on the liver cell surface and
increased plasma LDL levels. Data on the relationship
between ascorbic acid and cholesterol metabolism in humans
are not clear (Ginter et al., 1982b an. Jacques et al.,
1987), however it 1is believed that hypovitaminosis C may
cause similar biochemical and pathological changes in
humans (Basu and Schorah, 1982). The most striking
hypocholesterolemic effects of vitamin C have been cbserved
in hypercholesterolemic elderly people (Ginter et al.,
1982a).

Supplementation of vitamin C (500-4000 mg/day) given
to normal and hypercholesterolemic subjects has been found
to reduce plasma total and LDL-C levels as well as increase
HDL-C levels (Ginter, 1975; Ginter, 1979; Horsey et al.,
1981; Fidanza et al., 1982; Ginter et al., 1982a and Ginter
et al., 1982b). In contrast, other intervention trials have
reported no changes on plasma total and lipoproteins
cholesterol when vitamin C has been supplemented (Peterson
et al., 1975 and Johnson and Obenshain, 1981).

Observational studies, mostly carried out in healthy
elderly subjects, have examined the relationship between
cholesterol and plasma vitamin C. They have reported a
positive association between plasma vitamin C and HDL-C

levels (Bates et al., 1977; Burr et al., 1982 and Jacques



et al., 1987) +3 well as an inverse corrclation between
plasma vitamin ¢ and total cholesterol levels (Burr ¢t al.,
1982 o~nd CGrego and LaRocca, 1982). However, other studies
have iound that plasma vitamin C levels were not correlated
with elthey HDL-C (Hooper et al., 1983) or total
cholesterol 1levels (Hooper et al., 1983 and Jacques et al.,
1987). The controversial findings among these studies might
be due to methodological shortcomings, since some of them
have small number of subjects and no countrols. Another
possible explanation for these findings is that the vitanmin
C status was not similar for all populations studied. It
has been observed that the hypocholesterolemic effect of
vitamin € depends on the initial plasma levels of this
vitamin (Ginter et al., 1982a,b), thus the greater the
plasma cholesterol 1levels the more effective seems to be
the hypocholesterolemic effect of vitamin C.

The precise role of the wvitamin C on cholesterol
metabolism is not yet «clarified (0O’Brien and McMurray,
1988). However, the observed link ketween them appears to
be of potential clinical importance, especially for the
target populatioens, such as elderly and

hypercholesterolemic patients.



1.5. CONCLUSTON AND OBJECTIVES OF THE PRESENT STUDY

There appears to be a substantial amount of evidence
suggesting that both ascorbic acid arnd  soluble dietary
tiber components lower cholestercl levels. Essentially,
ascorbic acid lowers cholesterol by stimulating cholesterol
7aa-nydroxylase, the rate 1limiting enzyme for cholester.:
degradation. The action of soluble dietary componencs
(pectin 1in particular), on the other hand, is mediated
th: sugh binding and eliminating bile acids, the breakdown
products of cholesterol.

Most of the 1long-term interventionwul studies have
shown that the administration of ascorbic acid (300-1000
mg/day) to hypercholesterolemic persons reduces the plasma
cholesterol 1level; however, after approximately 6 months it
tends to return to its pre-high 1levels (Ginter et al.,
1981). The ascorbic acid-induced bile acid synthesis may
lead to an increased body pool size of bile acids ,Harris
et al., 1979). Increased quantities of these organic acids
may, however, return to the 1liver via the enterohepatic
recirculation resulting in a decreased activity of
7a~hydroxylation of cholesterol (as a feed-back
inhibition). It is, therefore, important that this
feed-back effect iz eliminated if hypercholesterolemia is
to be effectively lowered. One possibility 1is the
simultaneous administration of soluble dietary fiber

components, which binds bile acids in the gut. The proposed



24

mechanism (Ginter et al., 1982b) of a synergistic effect of
ascorbic acid and pectin in lowering cholesterol levels is
shown on Fig. 1.5. A synergistic effect of ascorbic acid
and cholestyramine (a bile acid binding agent) in lowering
blood cholesterol has been reported (Ginter et al., 1981).
Oniy one study (Ginter et al., 1979) has as yet been
reported testing the combined action of ascorbic acid and
pectin. In this study, the pectin associated lowering
effect on 1liver and plasma cholesterol levels was found to
be enhanced with ascorbic acid in guinea pigs. It is not
possible to suggest, however, if the effect is synergistic
or simply additive. They also tested this dietary
combination in hypercholesterolemic humans (Ginter et al.,
1982a). Eleven hyperlipemic outpatients receiving a daily
preparation of 15 g of citrus pectin and 450 mg of ascorbic
acid had a marked decrease of almost 20% in their plasma
cholesterol levels after 6 weeks of treatment. These
preliminary results clearly justify further exploration.

The present study was designed to investigate the
short and long-term effects of dietary pectin and vitamin C
on the 1lipid status of mice receiving a high cholesterol
diet. This study was carried out in animals fed their diets
either isocalorically or ad libitum in order to determine
whether there 1is a direct influence of the amount of food
intake on the lipid status.

The animals used in this study were mice, which have

the ability to synthesize ascorbic acid in the body. Hence,
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it may be argued that ascorbic acid administration to these
animals may result in suppression of its synthesis due to
feed back inhibition. It is therefore, possible that the
animals treated with ascorbic acid may not be truly exposed
to any 1larger amount of this vitamin than the untreated
control animals. However, it is thought that the amount of
ascorbic acid administered is 1large enough to exceed the
amounit that mice may synthesize in the body.

The hypocholesterolemic effects of soluble dietary
fiber components such as pectin, guar-gum and oat gum have
been documented in experimental animals and humans
(Kritchevsky, 1987; Shinnick et al., 1988 and Superko et
al., 1988). This effect appears to be most significant when
the 1initial cholesterol status is elevated (Hillman et al.,
1985 and Vahouny and Cassidy, 1986). Ascorbic acid
administration has also been reported to significantly
decrease plasma cholesterol levels 1in subjects with
hypercholesterolemia, but not in normocholesterolemic
subjects (Ginter et al., 1982a). Hence, in this study the
mice were fed a 1% cholesterol diet to induce

hypercholesterolemnia.

The proposed study was undertaken essentially to

investigate:

1. What influence does either pectin or ascorbic acid make

on the total cholesterol and lipoprotein status?
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2. If there is a synergistic effect between ascorbic acid

and pectin in lowering cholesterol status.

3. TIf the cholesterol lowering effect of ascorbic acid and
pectin is influenced by dietary intake and/or absorption of

dietary cholesterol.



CHAPTER 2. METHODOLOGY

2.1. ANIMALS AND DIETS

Male adult ICR albino mice (University of Alberta),
weighing 25-30 g, were used throughout. The animals were
individually housed in plastic cages. The room was
temperature controlled (25°C+2) and it was on a 12-hour
light-dark cycle. All mice were fed a pellet diet (Wayne rat
chow, Allied Mills 1Inc.) for a week before being fed an

experimental semi-synthetic diet (Table 2.1).

2.1.1. STUDY 1: SHORT-TERM EFFECTS

The animals were randomly divided into five groups
(Table 2.2) of six each. Group 1 was fed a diet containing
no added cholesterol (diet A) and used as
normocholesterolemic controls. Group 2 and 3 werc fed a diet
containing 1% cholesterol without (diet B) or with 5% pectin
(diet C); group 2 was used as hypercholesterolemic controls.
Group 4 was fed the diet B plus dietary ascorbic acid, aa
(TEROCHEM) every day in their drinking water (1 mg/ml).
Group 5 was fed the diet C plus AA in drinking water, as
described for group 4. All animals had free access to fresh
water (average intake of 8-10 ml/day) and their respective
ciets for 4 weeks; body weights were recorded once a week.

At the end of the period, the animals wer= fasted for 12

28
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TABLE 2.1 DIET COMPOSITION (%)
Diet

Ingredients A B c
caseinl! 20 20 20
Olive o0il? 10 10 10
Cholesterol? 0 1 1
Vitamin premix 2 2 2
Mineral mixture 3.5 3.5 3.5
Cellulose powg;er6 1.5 1.5 0
Pectin powger 0 0 5
Cornstarch 63 62 58.5

lcasein from TEKLAD Test Diets. 20live o0il (No.102502)
from ICN Biochemicals Divisions. 3Sholesterol (No0.101380)
from ICN Biochemicals Divisions. Vitamin Mix A.O0.A.C.
(No.40055), from TEKLAD Test Diets, composition (g/Kg of
diet when added at 2%): vitamin A and D powder, 0.08; dry

vitamin E acetate, 0.4; menadione (vitamin k), 0.010;
choline dihydrogen citrate (41% choline), 9.7561;
p~-aminobenzoic acid, 0.2; inositol, 0.2; D-calcium

pantothenate, 0.08; riboflavin, 0.016; thiamin- HCl, 0.01;
pyridoxine HCl, 0.01; folic acid, 0.004; biotin, 0.0008;
vitamin Byp, (0.1% trituration in mannitol), 0.06=Q.00006g
of vitamin B12; dextrose, anhydrous, 9.0931. Mineral
Mix, Bernhart-Tomarelli (No.170750), from TEKLAD Test Diets,
composition (g/Kg): CaCO,, 21; CaHPO,, 735.0; Mgo, 25;
K,HPO,, 81; K,50,, 68.0; Nacl, 30.6; Na,HPO,,
21.4; Cu2C6H407.% 1/2H,0, 0.46; ferric cltrate
(16.7% Fe), 5.58; manganese citrate (13.9% Mn), 8.35; KI,

.0072; zinc citrate, 1.33; citric acid, 2.2728.
Cellulose from TEKLAD Test Diets. 7pectin Citrus,
(No.102587), from ICN Biochemicals Divisions, composition:
methoxy cgntent NLT, 6.1%; galacturonic aci ILT, 74%; LOD,
NMT, 10%. “Cornstarch from ICN Biochemicals Divisions.
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Table 2.2 EXPERIMENTAL GROUPS AND THEIR RESPECTIVE
DIETS

GROUPS DIETS

1 Diet A; normal cholesterol

2 Diet B; 1% cholesterol

3 Diet C; 1% cholesterol + 5% pectin

4 Diet B + ascorbic acid in drinking water (1mg/ml)

5 Diet C + ascorbic acid in drinking water (1lmg/ml)
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hours, anesthetized with chloroform and then blood was
colleocted through cardiac puncture in heparinized tubes.
Pilasma was -~ .parated by centrifugation (Beckman-J2-21
centrifuge, 3000 rpm for 10 min at -4 ©c). The livers were
quickly removed, excised, weighed and homogenized with 1.15%
KCl in a ratio of 1:4 (w/v). The separated plasma and
homogenized liver samples were frozen (-40°C) wuntil

analyses.

2.1.2. STUDY 2: LONG-TERM EFFECTS

The animals were divided into five groups with six
animals each. Group 1 and 2 were fed the
normocholesterolemic (diet A) and hypercholesterolemic (diet
B) diets, respectively, as in study 1. Group 3 was fed a
diet containing 5% pectin (Table 2.1: diet C). Group 4 and 5
were fed the diets B and C (Table 2.1) respectively, plus 1
mg AA/ml drinking water as described in study 1. All groups
were fed their respective diets for 12 weeks. Fresh water
and food were supplied ad libitum daily, and body weight was
recorded once a week. After 12 weeks the animals were
sacrificed; biocod and 1liver samples were collected as

described in study 1.

2.1.3, STUDY 3: PAIR-FED CONTROL STUDY

The mice were divided into three groups with six



32

animals each. Group 1 received a hypercholesterolemic diet
(Table 2.1: diet B) and group 2 received a diet containing
5% pectin (Table 2.1: diet C). Group 3 received the diet B
(Table 2.1), and water given ad libitum containing 1 mg
AA/ml as described in study 1. All animals were pair fed.
After 4 weeks of pair feeding, the animals were placed in
metabolic cages. Twenty-four hour feces were collected,
weighed and frozen (-40°C) until analyzed. The dried fecal
samples were used to determine their cholesterol content.
After the collection of fecal samples, the animals were
returned to their plastic cages. All animals continued to be
fed isocalorically. On week 8 the animals were killed by the
same procedure described in studies 1 and 2. Plasma was

collected and stored at -40°C until analyzed.

2.2. ANALYTICAL METHODS

In order to investigate the effects of pectin and
ascorbic acid on the 1lipid status in mice fed a high
cholesterol (1%) diet, plasma total cholesterol (T-C),
triglycerides (TG), high-density 1lipoprotein cholesterol
(HDL-C), low-density lipoprote a cholesterol (LDL~C), liver
total cholesterol and fecal cholestercl were determ..aed.
Hepatic 1levels of ascorbic acid were also determined to
investigate the storage condition of this vitamin on the

groups of animals with and without AA supplementation.
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2.2.1. DETERMINATION OF PLASMA TOTAL CHOLESTEROL

Using Boehringer Mannhein kit, plasma total cholesterol
(cat# 237574), was assayed enzymatically as described by
Kattermann et al. (1984). Enzymatic cholesterol assay
methods were developed in the beginning of last decade
(Allain et al., 1974). They have replaced the previous
laborious and time consuming chemical methods for simpler,
quicker and precise procedures (Kattermann et al., 1984).

The test principle reactions are as follows:

cholesterol
esterase
cholesterol ester + H,0 ————cholesterol + RCOOH {2.1]
cholesterol
oxidase
cholesterol + 0, ———=A-cholestenone + H,0, [2.2]
peroxidase
2H,0, + 4-aminophenazone + phenol - (2.3]
4-(p-benzoquinone-mono-imino) - phenazone + 4H,0,
The 4-(p-benzoquinone-mono-imino) - phenazone, is a

color complex. The amount of color produced is directly
proportional to the total cholesterol content of the sample.

A solution containing cholesterol esterase, cholesterol
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peroxidase and cholesterol oxidase was used as cholesterol
reagent (solution A). An aliquot of plasma (0.02 ml) and
2.00 ml of reagent solution were pipetted into a test tube.
Another tube containing 2.00 ml of reagent solution
(solution A) was used as reagent blank. The tubes were mixed
on a vortex mixer and incubated for 10 minutes at 20-25
©c. Using a PERKIN ELMER UV/VIS Spectrophotometer Lambda 3

B, the absorbance of the samples was measured against the

reagent ', at 500 nm. All samples were measured in
duplicate
The concentration, C (mmoi/i), of cholesterol in the

samples was calculated as following:

C = 14.9 x Absorbance of the sample [2.4]

For control of accuracy, Precinorm-L control sera
(Boehringer Mannheim, 1lot No. 159882) was used in all

biochemical parameters measured in plasma.

2.2.2. DETERMINATION OF PLASMA HDL-CHOLESTEROL

HDL-C was assayed enzymatically (Boehringer Mannheim
kit) based on the method described by Lopes-Virella et al.
(1977), in wuich HDL-C is measured as the cholesterol in the
clear supernatant solution after the precipitation of apo
3-containing 1lipoproteins. The precipitation occurs by the

addition of a polyanion (phosphotungstic acid) and a
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divalent cation (magnesium ions) to the plasma sample.

Aliquots of plasma (0.2 ml) and 0.5 ml of HDL-C
procipitant (Boehringer Mannheim, cat# 543004) were pipetted
into 1.5 ml micro centrifuge tubes. The tubes were mixed on
a vortex mixer, allowed to stand for 10 minutes at room
temperature and centrifuged (refrigerated microcentrifuge,
Microcentaur). for 2 minutes at 12000 rpm. The clear
supernatant was separated within two hours.

Aliquots of the clear supernatant (0.2 ml) and 2.0 ml
of cholesterol reagent solution were pipetted into test
tubes. Two milliliters of reagent solution (solution A) and
0.2 ml of redistilled water were pipetted into another test
tube, and used as reagent blank. The tubes were mixed on a
vortex mixer and incubated for 10 minutes at 20-25 ©C. The
absorbance of the samples was read against the reagent blank
at 500 nm on a PERKIN-ELMER uv/viIs Lampbda 3 B
Spectrophotometer, within one hour. All samples were
measured in duplicate.

The HDL-C concentration, C (mmol/l), was calculated as

follcws:

C = 215.2 x Abscorbance of the sample {(2.5]

2.2.3. DETERMINATION OF LDL CHOLESTEROL

The cholesterol content of LDL was determined

indirectly using the method described by Friedwald et al.
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(1972) . This method requires the measuremert of plasma total
cholesterol, triglycerides and HDL-C. The following formula

was used to estimate LDL-C (mmol/l):

LDL-C = T-C - (TG/2.2) - HDI-C [2.6]

This formula is based on the assumptioi that VLDL-C
approximates plasma true triglycerides divided by 2.2,
however, it cannot be applicable to plasma samples with
chylomicrons, type III hyperlipoproteinemia and containing
triglycerides concentration exceeding 400 mg/100 ml. Those
restrictions appeared not to be present on the plas
samples measured in this experiment, thus the ob=a'n-

values can be considered reliable.

2.2.4. DETERMINATION OF TRIGLYCERIDES

Triglyceride concentrations .in plasma samples were
measured by an enzymatic colorimetric method (Boehringer
Mannheim kit, cat# 701 912) (Wahlefeld, 1974). This method
is based on the enzymatic hydrolysis of triglycerides with
subsequent determination of the 1liberated glycerol as

follows:

lipase

triglycerides + 3H,0 —————= glycerol + 3RCOOH (2.7)
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glycerol
kinase
alycorol + ATP —esrmmemes= glycerol ~3-phosphate ¢ AND {2.8)
glycerol phosphate oxidase
glycerol-3-phosphate + 0, - r—— S
dihydroxyacetone phosphat: + H,0, [2.9]
peroxidase
Hy0, + 4-aminophenazone + 4-chlorophenol -
4-(p-benzoquinone-mono-imino)-phenazone +2H,0 + HC1 [2.10)]

An aliquot (0.02 ml) of plasma and 2 00 ml of
triglyceride reagent solution (solution B) .+ ripe*+?
into a test tube. Two milliliter. of +~ . . soluc.lion
(solution B) &' 2 pipetted into another test tube as reagent
blank. The test tubes were mixed on a vortex mixer and
incubated at 20-25 ©°C for 10 nminutes. The absorbance of
the samples was read against reagent blank at 500 nm on a
PERKIN-ELMER UV/VIS Lambda 3 B Spectrophotometer, within one
hour. All samples were measured in duplicate.

The concentration, € (mmol/l), of triglycerides in the

samples was calculated as follows:

C = 8.66 X Absorbance of the sample (2.11]

The free glycerol was corrected by substracting 0.11 mmol/1l



38

from the calculated value above.

2.2.5. DETERMINATION OF THE LIVER TOTAL CHOLESTEROL

The method of Watson (1960) was used for the
determination of 1liver cholesterol. This is a colorinetric
method which avoids extraction and hydrolysis steps. This
j;rocedure 1is based on a modification of the method described
by Pearson et al. (1953), in which 2,5-dimethylbenzene

ilphonic acid replaces p-toluene sulphonic acid. All
rzagents employed were of analytical grade. Pure cholesterol
(Sigma) dissolved in glacial acetic acid was used as the
standard (range: 2.59-10.35 pmmol/ml). The absorbance of
standards increased in direct proportion to their
concentrations (Fig. 2.1).

Aliquots of 0.1 ml of liver homogenate were placed into
test tubes; 0.1 ml of distilled water and standard (10.35
umol/ml) were also set up for the blank and standard
respectively. Glacial acetic acid (0.1 ml) was added to the
sample and the blank, but 0.1 ml of distilled water was
added to the standard instead. Two and a half milliliters of
reagent mixture (3 volumes of acetic acid anhydride with 1
volume of the 2,5-dimethylbenzene sulphonic acid solution
and 1 volume of glacial acetic acid) was added into each
tube, and mi:ed using a vortex mixer. Each tube was allowed
to cool for 10-15 minutes. Concentrated sulphuric acid (0.3

ml) was added to each tube, and the contents were agitated



39

0.4

ABSORBANCE (560nm)
= o
N W

©
b

et et e b e gt g st st er el oo g

Y = 0.032708¢X (r* = 0.998428)

0.0
0

Figure 2.1

illllllll[lllllilll]llIlllllr

4 8
CHOLESTEROL. STANDARD (/Lmol/ml}

Standard curve for cholmuterol detarmination

12



40

immediately until all precipitates had dissolved. The test
tubes were allowed to stand in the dark for color
development. Using a PERKIN-ELMER UV/VIS Lambda 3 B
Spectrophotometer, the absorbance of each sample was
measured at 560 nm. All samples were measured against the
blank 20 minutes (+2 min) after the addition of sulphuric
acid. At least one standard was included for each run to
check for the variation and the stability of the macaite.
All samples were measured in duplicate and the averuge
reading was used in the calculation of the amount of

cholesterol in the liver.

2.2.6. DETERMINATION OF FECAL CHOLESTEROL

Fecal samples oo dried overnight, weighed and
homogenized with KC! {1, .%%) in a 1:40 (w/v) dilution. Pure
cholesterol (Sigma) ..==wived in glacial acetic acid at
range of 2.59 to 10.35 pmol/ml was used as the standard for
fecal cholesterol determination. Fecal homogenates were
extracted according to Folch et al. (1957). The intensity of
absorbance increased 1linearly with the concentration of the
standards (Fig 2.1). An aliquoct (0.5 ml) of fecal homogenate
was mixed with 9.0 ml of chloroform-methanol (2:1, v/V)
mixture on a vortex mixer; and then mixed thoroughly with
2.5 ml of distilled water. The mixture was allowed to

separate into two phases by standing overnight. The obtained
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upper phase and the iluffy layers were discarded. An aliquot
of 1.0 ml was taken from the lower layer which contains
cholesterol. The solvent was removed by passing a stream of
dry N,. Cholesterol was then determined according to the

method of Watson (1960) as described on section 2.2.5.

2.2.7. DETERMINATION OF HEPATIC CONCENTRATION OF ASCORBIC

ACID (VITAMIN C)

Hepatic concentrations of total ascorbic acid were
assayed by the method of Rre end Keuther (1943) as modified
by Bessey (1950). In this method, ascorbic acid is coupled
with 2-4-dinitrophenylhydrazine (2 :4DNPH) to form a
% -dinitrophenylhydrazone, which is converted into a rec
compound and determined colorimetrically. Liver samples wera
homogenized with KCl (1.15%) in a 1:4 dilution. Pure
ascorbic acid (Sigma) dissolved in distilled water at range
of 0.011 to 0.114 pmol/ml, was used as the standard for
ascorbic acid analysis. As shown in Fig. 2.2, the intensity
of the absorbance increased linearly with the concentration

of these standards.

2.3. STATISTICAL ANALYSIS

Means and standard error of the means (SEM) were
determined for all groups of animals in studies 1, 2, and 3.

Data were analyzed by using one-way analysis of variance
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(ANOVA). When significant differences were detected, Fisher
LSD, multiple comparison method (Winer, 1971) was used to
determine which mean values were significantly different. In
this present study, the level of significance («a) considered

was 0.05.

2.4. HISTOLOGICAL ANALYSIS

For histological analysis, liver samples from all five
groups of animals fed their respective diets (Table 2.2)
were dquickly removed, weighed, sliced and placed on a 10%
formaline solution. Those samples were sent to the Pathology
Department (University of Alberta Hospital) where further
histological preparation and analyses were carried out.
Liver sections were taken and stained with Harris’s
haematoxylin and eosin. Photomicrographs, wusing Zeiss

Photomicroscope III, of the livers sections were obtained.



CHAPTER 3. EXPERIMENTAL RESULTS

This study investigated the effects of pectin and
ascorhic acid either alone or in combination, on the lipid
status in male mice receiving a semi-synthetic diet
containing 1% cholesterol. The animals were fed various
dietary regimes for 4 and 12 weeks. The results of this
study were compared with those of animals receiving either
no added cholestero. (control A) or 1% cholesterol (control

B). These are discussed in 4 sections.

5.1. EFFECT OF HIGH CHOLESTEROL DIET (1%) ON THE LIPID

STATUS IN MICE

Feeding a 1% cholesterol diet (control B) for either 4
or 12 weeKks did not appear to have any significant effect on
body weight, compared to that of the animals receiving 1c
added cholesterol, control A (Table 3.1). The liver weight
relative to body weight, however, was found to be increased
significantly (P < 0.05) in animals fed a high cholesterol
diet for 4 weeks. The difference in liver weight between
groups A and B, however, disappeared at 12 weeks (Table
3.1). The cholesterol-associated increase in liver weight at
4 weeks was also evident by the fact that the liver of the
cholesterol treated animals looked 1larger in size and was
paler in color compared ta the livers of the controils (Plate

3.1 A and B). Furthermore, animals fed a high cholesterol

44
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TABLE 3.1 Body weight gain, and the liver weight relative
to 'y weight in mice fed a high cholesterol
(H-C) diet for 4 and 12 weeks.

Groups Body weight gain(g) Liver wt/Body wt x 100
weeks weeks
4 12 4 12
Normal: 3.240.592  3.8+0.93%  4.9+0.302  5.0+0.202

control A

H-C: 3.6+0.942  4.3+1.05% 5.840.32P  4.9+0.212
control B

Each value 1is the mean #* SEM of at least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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Plate 3.1  Photographs of the livers from animals; (A) fed a normal
diet (control A); (B) fed a 1% cholesterol diet (control B)
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diet (control B) for 4 weeks were accompanied by increased
hepatic concentrations of T-C (Table 3.3). The plasma
concentrations of T-C and lipoproteins were also found to be
markedly elevated in these animals (Table 3.2).

Although feeding & high cholesterol diet for 12 weeks
did not have any effect on the liver weight (Table 3.1), the
plasma T-C and 1lipoproteins (Table 3.2) as well as the
hepatic levels of total cholesterol (Table 3.3) of these
animals were found to be markedly elevated at 4 weeks. The
biochemical evidence of the hypercholesterolemic liver in
animals fed a high cholesterol diet for 12 weeks was also
confirmed by the histologic section of the liver, showing
increased 1lipid accumulation compared to those on the normal

diets, control A (Plate 3.2 A and B).

3.2. EFFECT OF PECTIN (5%) ON THE LIPID STATUS IN HIGH

CHOLESTEROL (1%) FED MICE

Mice fed a 1% cholesterol diet without (control B) and
with pectin for either 4 or 12 weeks were not statistically
different in body weights, compared to those of the control
animals, receiving a semi-synthetic diet with no added
cholesterol and pectin, control A (Table 3.4). The addition
of pectin (5%) to the diet of the 1% cholesterol-feu mice,
resulted in reductions in the liver weight relative to body
weight, but not significantly, compared to those of the

control diet (Table 3.4).
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TABLE 3.2 Plasma lipid profiles in mice fed a high
cholesterol (1%) diet for 4 and 12 Weeks.

Groups T-C TG HDL-C LDL-C HDL-C
(mmgl/l) CTE——
LDL-C
4 weeks
Normal : 3.48%2 2.162 2.292 0.362 5.132
control A +0.22 +0.23 +0.11 +0.08 +0.62
H-C: 5.60P 2.482 3.13P 1.35P 2.43P
control B +0.36 +0.50 +0.31 +0.10 +0.34
12 weeks
Normal : 3.512 1.742 2.362 0.352 6.802
control A +0.32 +0.20 +0.20 +0.04 +0.30
H-C: 4.65° 7.492 3.36° 0.63P 5.502
control B +0.32 +0.25 +0.20 +0.06 +0.34

Each wvalue is the mean * SEM of at least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.



TABLE 3.3 Hepatic

cholesterol

levels

in mice
cholesterol (1%) diet for 4 and 12 weeks.

49

fed a high

Groups

umol/g liver

pmol/liver

Normal (control A)

H-C (control B)

21.7 + 1.38

62.2 + 7.4P

12 weeks

W .iul (control A)

H-C (control B)

21.2 + 0.52

84.9 + 6.4P

37.20

136.35

35.70

151.80

+

Each wvalue 1is the mean

each c¢olumn values

t SEM of at least six animals.
not sharing a common superscript letter
are significantly different at P < 0.05.

In
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Piate 3.2 _ Photomicrographs of the livers from animals; (A) fed @ normal
diet (control 2 for 12 weeks (magnification 1OX2; B) fed a 1%
cholesterol diet (control B) for 12 weeks (magnification 25X).
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TABLE 3.4 Effect of pectin (Pe) on the kody weight gain and
liver weight relative to body weight in high
cholesterol (1%) fed mice for 4 and 12 weeks.

Groups Body weight gain(g) Liver wt/Body wt x 100
wiaks weeks
4 12 4 12

Normal : 3.2@ 3.892 4,99 5.02
control A +0.59 +0.93 +0.30 +0.20
H-C: 3.62 4.32 5,80 4.92
control B +0.94 +1.05 +0.32 +0.21
H-C+Pe 3.52 3.52 5.2ab 4.6
+1.06 +0.85 +0.21 +0.18

Each wvalue 1is the mean +* SEM of at least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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Table 3.5 displays the plasma 1lipid profiles of the
animals after 4 weeks on their respective experimental diets
(study 1). The 1% cholestercl-fed mice receiving pectin (5%)
had significantly (P < 0.05) lower levels of plasma T-C, TG,
and LDL-C than those mice receiving a 1% cholestercl diet
but without pectin (control B). These results were in
parallel with the hepatic 1levels of T-~C (Table 3.6); this
was true in terms of its concentration (umol/g liver) as
well as its absolute amount (umol/liver). It was of interest
that feeding a high cholesterol dizt (control B) resulted in
increased level of plasma HDL-C, compared with animals
receiving a normocholesterolemic diet (control A). The
administration of pectin (5%) for 4 weeks resulted in a
decrease in the high-cholesterol-associated rise in plasma
HDL-C 1levels as well as an increase in HDL-C/LDL-C ratio
(Table 3.5). The decrease in HDL-C concentration and the
increase in its ratio to LDL-C were not, however,
statistically significant.

The plasma lipid profiles of the animals after 12 weeks
(study 2) on their experimental diets are shown in Table
3.7. The animals receiving a diet containing 1% cholesterol
with pectin, had their 1levels of plasma T-C and LDL~C
reduced in relation to those of the control B. Unlike study
1, the addition of pectin (5%) to the 1% cholesterol diet
did not affect the plasma concentrations of TG. On the other
hand, feeding the pectin diet for 12 weeks resulted in

significantly (P < 0.05) decreased levels of plasma HDL-C as
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TABLE 3.5 Plasma lipid profiles in mice fed a high
cholesterol (1%) diet with (5%) and without
pectin for 4 weeks.

Groups T-C TG HDL-C LDL~C HDL-C

(mmol/l) [ ]

LDL-C

Normal: 3.48%  2.163P 2,202 0.362 5.132
control A  +0.22  +0.23 +0.11 +0.08 +0.62

H-C: 5.60° 2.482 3.13° 1.35° 2.43b
control B +0.36  +0.50 +0.31 +0.1C +0.34

H~C+Pe 4.082 1.35P 2.632b 0.85C 3.163P
+0.60  +0.12 +0.19 +0.06 +0.23

Each value 1is the mean + SEM of at least six -~aimals. In
each column values not sharing a common superscript letter
are significantly different at P < ¢.G5.
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TABLE 3.6 Hepatic cholesterol 1levels in mice fed a high
cholesterol (1%) diet with (5%) and without
pectin for 4 weeks.

Groups pmol/g liver pmol/liver
Normal (control A) 21.7 + 1.3%2 37.2 + 3.52
H-C (control B) 62.2 + 7.4P 138.4 + 28.1°
H-C+Pe 39.1 + 1.5 74.4 + 6.99

Each wvalue is the mean * SEM of :t least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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TABLE 3.7 Plasma lipid profiles in mice fed a high
cholesterol (1%) diet with (5%) and without
pectin for 12 weeks.

Groups T-C TG HDL~C LDL~C EDL~C

(mmo]_/l) [

g LDL-C

Normal: 3.514 1.74% 2.36% 0.35%2 6.802
control A  +0.32 +0.20 +0.20 +0.04 +0.30

H-C: 4.65° 1.492  3.36° 0.63P 5.502
control B +0.32 +0.25  +0.20 +0.06 +0.34

H-C+Pe 2.8728 1.333 2,072 0.19° 12.21P
+0.20 +0.11  +0.14 +0.04 +1.69

Each value 1is the mean * SEM of at least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.



well as increased HDL-C/LDL-C ratios (Table 3.7). Hepatic
cholesterol 1levels, as in study 1 (Table 3.6), were reduced
when pectin was added to the 1% cholesterol diet (Table
3.8). Histological examination of the livers taken from the
1% cholesterol-fed mice (control B) for 12 weeks revealed an
increase in number of fat vacuoles (Plate 3.2B). Plate 3.3
shows clearly that the increase in hepatic fat vacuoles did
not occur when pectin was added at 5% level in a 1%
cholesterol diet. It is noteworthy that the histologic
section of the liver of the animals receiving 1% cholesterol
diet with pectin (Plate 3.3) appeared to be similar to those
receiving a normocholestere:ic diet, control A (Plate 3.22).
Since all animals were fed their respective diets ad
libitum, it 1is possible that the pectin associated changes
in hepatic and plasma 1lipid status were the reflection of
tetal food intake. In ordexr to determine whether the effects
were truly due to the pectin intake, animals of different
groups in subsequent studies were fed their diets
isocalorically. Table 3.9 shows that the pair-fed mice
(study 3), receiving a 1% cholesterol diet supplemented with
5% pectin for 8 weeks, had their plasma T-C, TG, and HDL-C
levels similar to those of the animals which had the access
to the diets ad libitum. Thus, the plasma indices were all
reduced in the pectin-fed animals when compared to those
receiving a 1% cholesterol diet without pectin (control B).
The fecal weights (wet and dry), as well as fecal

cholesterol concentrations were found to be similar between
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TABLE 3.8 Hepatic cholesterol 1levels in mice fed a high
cholesterol diet (1%) with (5%) and without
pectin for 12 weeks.

Groups pmol/g liver pmol/liver
Normal (contrcl A) 21.2 + 0.52 35.7 + 2.23
H-C (control B) 84.9 + 6.4P 151.8 + 14.4P
H-C+Pe 42.9 + 4.7 63.2 + 8.22

Each value 1is the mean % SEM of at least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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TABLE 3.9 Plasma 1lipid profiles ir mice fed an isocaloric
high cholesterol (1%) diet with (5%) and without
pectin for 8 weeks.

Groups T-C TG HDL-C LDL-C HDL-C

(mmol/l) L]

LDL~-C

H~-C: 3.969 1.042 2.66% 0.832 3.182
control B  +0.32 +0.01 +0.30 +0.02 +0.28

H-C+Pe 2.74b 0.73P 1.87P 0.542 5.032
+0.36 +0.06 +0.15 +0.33 +1.31

Eacn value 1s the mean + SEM of at least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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the pair-fed groups receiving 1% cholesterol diet either

alone (control B) or with pectin for 4 weeks (Table 3.10).

3.3. EFFECT OF ASCORBIC ACID ON THE LIPID STATUS IN

HIGH CHOLESTEROL FED MICE

Mice fed diets containing 1% cholesterol without
(control B) and with ascorbic acid (supplemented in their
drinking water, 1 mg/ml) for either 4 or 12 weeks, had
similar body weights compared to those of the control
animals receiving a normocholesterolemic diet without
ascorbic acid supplementation, control A (Table 3.11). The
cholesterol-associated rise in liver weight relative to body
weight observed in animals fed a high cholesterol diet for 4
weeks, remained unchanged when ascorbic acid (1 mg/ml) was
administered to these animals (Table 3.11). Feeding animals
the high cholesterol diet and ascorbic acid for 12 weeks,
however, resulted in an increase in the 1liver weight
relative to body weight compared to that of either control A
ar control B (Table 3.11).

Table 3.12 shows the plasma lipid profiles in animals
fed a high cholesterol diet plus ascorbic acid for 4 and 12
weeks. At 4 weeks, the plasma levels of T-C, TG and LDL-C
were significantly (P < 0.05) less than those of the control
B. Although not significanty, the ascorbic acid
supplementation also decreased HDL-C concentration. These

reductions 1in ascorbic acid treated animals were accompanied
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TABLE 3.10 Fecal weight and cholesterol concentration in
mice fed an isocaloric high cholesterol diet
with (5%) and without pectin for 4 weeks.

Groups Fecal weight (g) Fecal cholesterol (pmol/day)
wet dry
H-C 0.192 0.172 49.22
(control B) +0.03 +0.03 +8.7
H-C+Pe 0.212 0.182 41.02
+0.03 +0.02 +5.3

Each wvalue 1is the mean + SEM of at least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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TABLE 3.11 Effect of ascorbic acid (AA) on the body and
liver weights in high cholesterol (1%) fed mice
for 4 and 12 weeks.

Groups Body weight guilni(g) Liver wt/Body wt x 100
weeks weeks

4 12 4 12
Normal: 3,24 3.89 4.94 5.02
control A +0.59 +0.93 +0.30 +0.20
H-C: 3.62 4.32 5.80 4.92
control B +0.94 +1.05 +0.32 +0.21
H-C+AA 3.82 4.12 5.8P 5.4P
+0.75 +0.96 +0.21 +0.19

Each value 1is the mean + SEM of 2t least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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TABLE 3.12 Effect of ascorbic acid on plasma lipid profiles
in high cholesterol (1%) fed mice for 4 and 12

woeoks.
Groups P-C TG HDL-C LDL-C HDL~C
(me]_/]_) amTR—
LDL-C
4 weeks
Normal: 3.482 2.163P 2 29a 0.362 5.132
control A +0.22 +0.23 +0.11 +0.08 +0.62
H~-C: 5.60° 2.482 3.13b 1.35° 2.43P
control B +0.36 +0.50 +0.31 +0.10 +0.34
H~-C+AA 4.27¢ 1.65P 2.950 0.582 5.462
+0.19 +0.16 +0.08 +0.14 +0.46
12 weeks
Normal: 3.512 1.743 2.369 0.352 6.802
control A +0.32 +0.20 +0.20 +0.0 +0.30
H-C: 4.65P 1.493P 3 36b 0.63P 5.502
control B +0.32 +0.25 +0.20 +0.06 +0.34
H~C+AA 3.322 0.95P 2.292 0.60° 4.002
+0.30 +0.10 +0.20 +0.08 +0.55

Each value is the mean + SEM of at least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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by —an increase in the HDL-C/LDL-C ratio. Animals receiving a
hirh  cholesterol diet plus ascorbic acid for 12 weeks, also
had 1lowe. {P <= N.03) plasma levels of T-C and HDL-C as well
g TG {but not significantly) than tlhose of the animals fed
4 high cholestercl diet alone (contro?’ B). However, high
cholesterol-fed animals when treated with ascorbic acid for
12 weeks, had similar plasma levels of LDL-C as well as
HDL-C/LDL-C ratios ccapared to thowe of the control B.

The daily admtprisiration of ascorbic acid to high
cholesterol -fed animals for 4 weeks did not reduce either
the concentration or the "bsolute amount of cholesterol in
the 1liver, compared to (i.zse animals receiving a high
cholesterol diet alone. cont:ol B (Tabie 3.13). The high
cholesterol-fed animals treated with ascorbic acid for 12
weeks, had even higher (P < 0.05) nepatic cholesterol
concentrations than those of the controcl B (Table 3.13). The
histological analysis of the livers was in parallel with the
biochemical findings, thus it indicated that animals
receiving a high cholesterol diet plus ascorbic acid for 12
weeks, had greater lipid accumulation in their livers (Flate
3.4) than those of the animals receiving a high cholesterol
diet alone, control B (Plate 3.2B).

Table 3.14 shows the plasma lipid profilss in mice
receiving isocalorically a high cholesterol diet with and
without asceorbic acid suppliementation for 8 weeks. Pair-fed
animals treated with ascorbic acid, had similar plasma

levels of T-C, HDL-C and LDL-C tc those receiving a high
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TABLE 3.1° Effect of ascorbic acid on the hepatic
cholesterol concentration in high cholesterol
(1%) fed mice for 4 and 12 weeks.

Groups pmol/g liver pmol/liver
4 weeks

Normal (control A) 21.7 + 1.32 37.2 + 3.52

H-C (control B) 62.2 + 7.4P 138.4 + 28.1P

H-C+AA 66.1 + 6.8° 144.0 + 21.2P
12 weeks

Normal (control A) 21.2 + 0.52 35.7 + 2.29

H-C (control B) 84.9 + 6.4P 151.8 + 14.4P

H-C+AA 108.7 + 4.8€ 202.7 + 16.1°

Each value 1is the mean + SEM of at least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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Plate 3.4 Photomicrograph of the liver from an anirmal fed o 1%
cholesterol diet with ascorbic acid supplemented in
drinking water (1 mg/ml} for 12 waeks (magnification 25X).
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TABLE 3.14 Plasma 1lipid profiles in mice fed an isocaloric
high cholesterol (1%) diet either alone or with
ascorkic acia for 8 weeks.

Gronps T-C TG HDL-C LDL-C HDL~C

(mmol/1) TR

LDL-C

H=C: 3.962 1.04%2 2.662 0.834 3.182
control B +0.32 +0.01 +0.30 +0.02 +0.28
H-C+AA 4.718 0.81P° 3.162 1.182 4.772
+0.40 +0.08 +0.94 +0.33 +1.75

Each value is the mean + SEM of at least six animals. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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cholesterol diet alone. The plasma TG concentration,
however, was significantly decreased (P < 0.05), whereas the
HDL-C/LDL~C ratio increased, but not significantly, in
animals supplemented with ascorbic acid. The fecal weights,
as well as fecal cholesterol were similar in both groups

(Table 3.15).

3.4. EFFECT OF PECTIN IN COMBINATION WITH ASCORBIC ACID

ON THE LIPID STATUS IN HIGH CHOLESTEROL FED MICE

Administration of ascorbic acid alone for 12 veeks
resulted in a significantly increased liver weight :(2lative
to body weight when compared with that of the eitheir ...~ trol
B or pectin~fed group (Table 3.16). The ascorbic
acid-associated increase in liver weight "-as reversed but
not significantly when ascorbic acid was administered in
conbination with pectin.

The animals treated with either ascorbic acid or pectin
for 4 weeks were significantly associated (P < 0.05), with
decreased levels of T-C, TG and LDL-C when compared with
those of the control B diet (Table 3.17). 1In addition
ascorbic acid but not pectin, resulted in an increase in
HDL-C/LDL-C ratio 1in these animals. However, simultanzous
administration of ascorbic acid and pectin, failed to
demonstrate any synergistic erfects in terms of their
hypolipidemic actions when given individually. At 12 weeks

the animal’s response to the treatment was somewhat similar



TABLE 3.15 Fecal weight and cholesterol concentration in
mice fed an isocaloric high cholesterol diet
either alone or with ascorbic acid for 4 weeks.

Groups Fecal weight (q) Fecal cholesterol (umol/day)
wet dry
H-C 0.192 0.172 49.28
(controi B) +0.03 +0.03 +8.7
H-C+AA 0.192 0.172 51.92
+0.03 +0.03 +8.1

Each value is the mean + SEM of at least six animals. In
each column values not sharing = common superscript letter
are significantly different at P -~ 0.05.
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TABLE 3.16 Effect of pectin and ascorbic acid either alnne
or in combination on the wody and liver weigyhts
in high cholesterol (1%) fed mice for 4 and 12

weeks.
Groups Body weight gain(g) Liver wt/Eody w: x 100
weeks weeks
4 12 T g 12
H-C (control B) 3.62 4,39 5.89 4.949
+0.94 +1.05 +0.32 +0.21
H-C+Pe 3.52 3 5.22 4.62
+1.06 +G.85 +0.21 +0.18
H-C+AA 3.82 4.12 5.82 5. 4P
+0.75 +0.96 +0.21 +0.19
H-C+Pe+AA 3.62 4.32 5,42 5.02b
+0.62 +1.32 +0.13 +0.32

Each wvalue is the mean + SEM of at least six animels. In
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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TABLE 3.17 Effect of pectin and ascorbic acid either alone
or in combination on plasma lipid profiles in
mice fed a high cholesterol (1%) diet for .
weeks.
Grruaps T=C TG HDL~C LDL-C HDL-C
(mmol/1) e
LDi-C
H-C 5.60% 2,482 3.132 1.352 2.439
(ccntrol B) +0.36  +0.50 +0.31 +0.10 +0.34
H-C+Pe 2.08P 1.35P 2.632 0.85P 3.162
+0.60  +0.12 +0.19 +0.06 +0.23
H-C+AA 4.27°  1.65P 2.95° 0.58P 5.46°
+0.19  +0.16 +0.08 +0.14 +0.46
H-C+Pe+AA 4.12P  1.843P 5 70 0.58° 4.218b
r0.12 +0.18 +0.02 +0.13 +0.73

Each vwvalue

is the mean + SEM of at least six animals. In

each column values not sharing a common superscript lettear
are significantly different at P < 0.05.
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to that cbserved at 4 weeks (Table 3.18).

Table 3.19 shows che hepatic concentration of
cholestarol in various groups of animals. Mice fed a
pectin-rich diet for 1 weeks bad liver cholesterol levels
reduced by 40% of *he control animals (contrel B). The
hepatic concentrations of cholesterol in animals receiving
ascorbic acid, however, remained unchanged. The simultaneo. s
administration o¢f pectin and as...pic acid resulted in a
reduction, buc not significantly, of the hepatic cholesterol
concentration. When pectin-rich diet was fed for 12 weeks,
the hepatic concentration of cholesterol was further
decreased (Table 3.20). On the other hand, the cholesterol
level was increased by 28% following administration of
ascorbic acid alone. When pectin and ascorbic acid were
given concomitantly for 12 weeks, the hepati. level of
cholesterol was found to be similar to those in animals
given pectin alone (Table 3.20).

The histological examination of the 1liver sections
showed that ni o i a 1% cholesterol diet with pectin
plus ascorbic =asid for 12 weeks, had no lipid accumulation
(Plate 3.5). This finding 1is similar to that of the
pectin-fed animal. (Plate 3.3), but not to those receiving

ascorbic acid a° e (Piate 3.4).
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TABLE 3.18 Effect of pectin and ascorbic acid either alone
or in combination on plasma lipid profiles in
mice fed a high <cholester- . (7% diet for 12
weeks.
Groups T-C TG HDT.~C LDL-C HDL~-C
{mmci/ L) tormmmn.
o LDL-C
H-C: A 653 1,492 3.362 C.oen3 5.502
{(control B) +G.32 +0.25 +0.20 +0.300 +0.34
H-C+Pe 2.87P  1.332 2.07° n.19P 12.21
+0.20  +0.11 +0.14 +0.04 +1.69
H-C+AA 3.32P o 152 2.290 0.60% 4.002
+0.3C +0.10 +0.20 +0.08 +0.55
H-C+Pe+AA 2.63P  1.16% 1.42° 6.19° 12.50P
+0.10 +0.26 +0.15 +0.05 +1.74

Each value

is the mean + SEM of at leas%t six animals. In

each column values not sharing a common superscript letter
are significantly different at P < 0.05.



TABLE 3.19 Effect of pectin and ascorbic acid either alone
or in combinatior on the hepatic cholesterol
concuntration in nigh cholest>rol (1%) fed mice
for 4 weeks.

Groups pmol/g liver pmol/liver

H~C (control B) 62.2 + 7.42 138.4 + 28.1%

H-C+Pe 39.1 + 1.5P 74.4 + 6.9P

H-C+AA 66.1 + 6.82 144.0 + 21.2°8

H-C+Pe+AA 47.4 + 5.22P 94.2 + 13.82P

Each wvalue

is the mean + SEM of at least six animals. In

each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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TABLE 3.20 Effect of pectin and ascorbic acid either alone
or in combination on the hepatic cholesterol
concentration in high cholesterol (1%) fed mice
for 12 weeks.

Groups pmol/g liver pmol/liver
H-C (control B) 84.9 + 6.49 151.8 + 14.4%2
H-C+Pe 42.9 + 4.7° 63.2 + 8.20
H-C+AA 108.7 + 4.8° 202.7 + 16.1°

+

-

O
o

H-C+Pe+AA 38.9 +

65.5 9.9bP

1+

Each value 1is the mean 4+ SEM of at least six animals. Tn
each column values not sharing a common superscript letter
are significantly different at P < 0.05.
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Plate 3.5 Photomicrograph of the liver from an animal fed a 1%
cholesterol diet with pectin 25%) and ascorbic acid

supplemented in drinking water (1 mg/ml) for 12 weeks

(magnification 25X).



CHAPTER 4. DISCUSSION

The positive correlation between high levels of plasma
cholesterol and CHD is well established (Consensus
Conference, 1985 and Grundy, .9286). Epidemiological studies,
animal experiments, and clinical research have shown large
evidence 1linked dietary factors such as dietary cholesterol,
total fat and saturated fatty acids, to the etiology of CHD
(American Heart Association, 1986). It is known that
lowering elevated plasma cholesterol levels reduces the risk
of CHD. Thus, dietary modifications appear toc be of
essential importance in the reduction of
hypercholescerolemia and prevention of CHI .

The 71 esent study investigated the snort and long-term
effects of two dietary factors, pectin and ascorbic acid
either alone or in combination, =.. lipid czta-as in w ~ec fed
a semi--synthetic diet containing 1% cholesterol. Most
studies which have investigated the effects of dietary fiber
and ascorbic acid on lipid metaboiism have been carried out

in rats and guinea pigs. As far as it is known, %his i

n

the
first study carried out in mice to investigate the effects
of the two dietary components on lipid status.

Mice are kncwn to be a nigh resistant species to

nutritionaly-inducad hyperchoiaesterolenia, controlling
effaoivelly bt zpolesterci  homeostasis of the whole body
Yy oser .o oosmme ary tiviang supression of cholesterol synthesis,

reduction of absocrption aid increased excret_on of bile
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acids (rorraze et al., 1985). In these animals, the hepatic
¢ ole.terol synthesis c¢on be increased or decreased without

ltering the rate of LDL uptake; this compensatory capacity

muach lower in man, which at basal state have » lowsr rate
cholesterol synthesis than that of rats and mice
(Dietschy, 1985). Mice are therefore less sucepcible to

develcp hypercholesterolemia when fed a high cholesterol
diet. The use of a high cholecterol diet (1% in this study
is justified by the fact that the hypocholesterolemic effect
of pectin appears to be most pronounced when animals are fed
a diet supplemented with cholesterol (Vahouny and Cassidy,
1986). Furthermore, the hyvolipidemic effect of ascorbic
acid also appears to be more effective in
hypercholesterolemic than in normocholesterolemic subjects
(Ginter, 1975 and Ginter, 1979).

Results of the present study, however, indicated that
feeding a diet containing 1% cholestercl for 4 or 12 weeks
resulted 1in increased plasma and liver concentrations of
cholesterol in ICR albino mice. The biochemical results are
further supported by histological findings, *hus the hirh
cholesterol-fed animals had a greater lipid accumulation in
their 1livers than those of the control group. These results
are in close agreement with another study (Riley et ai.,
1980, which reported hypercholesterolemia in rats fed a diet
containing the same amount. of cholesterol 1%) and olive »il
(10%) as in this study, for 4 and 6 weeks.

In mice the increases in plasma and liver lipids were



inhibited when the high cholesterol diet was supplemented
with 5% pectin. The magnitude of inhibition \/as greater when
the animals were fed the diet for 12 weeks than for 4 weeks.
These findings were furi.or substantiated by histological
analysis showing that high cholesterol-induced hepatic
accumulation of lipids was completely prevented by providing
5% pectin in the high cholesterol diet. Tunis study also
revealed that pectin administration altered did not only T-C
levels but also the cholesterol concentration of LDL. Thus,
feeding a high <cholesterol diet containing 5% pectin for 4
and 12 weeks appeared to reduce plasma LDL-C concentrations
by 40% and 70% respectively. These results are in agreement
with others, who made similar observaticns in rats (Chen and
Andercon, 1979; Judd and Truswell, 198%; Kritchevsky, 1987
and Vigne et al., 1987).

Elevated 1levels of HDL-C have been reported to be
inversely related to the risk of CHD whereas LDL-C levels
are directly related (?nderson and Tietyen-Clark, 1986). It
was of interest that in the present stcudy the animals fed a
high cholesterol diet: were found to be associated with
raised plasma HD:.-C and that the increase was inhibited when
5% pectin was added to the diet. These results are in
agreenent with many studies (Ahrens et al., 1936 and
Kritchevsky, 1987), but contradictory to others (Chen and
Anderson, 1979 and Chen and Anderson, 1981). It appears that
most substances wuaich lower plasma total cholesteroi and

LDL-C 1levels, also Jlower HDL-C concentration (Kritchevsky,
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1987). It should be pointed out, however, that whereas the
plasma HDL-C was reduced, the HDL-C/LDL-C ratio was
significantly increased in animals receiving pectin for 12
weeks. Although the plasma HDL-C level appears to be reduced
by dietary pectin, the significance of the increased
HDL-C/LDL~-C ratio in prediction of CHD cannot be ignored.
Supplementation of pectin (5%) to mice receiving a high
cholesterol diet for 4 weeks reduced plasma triglyceride
concentrations; however, this effect was not observed after
12 weeks of pectin feeding. The triglyceride lowering effect
of pectin appear to be contradictory. Some studies (Anderson
end Chen, 1979) failed to observe any effect of pectin on
plasma triglyceride concentrations in rats, whereas other
studies demonstrated significant reductions in plasma
triglyceride levels in rats fed either a
hypercholesterolenmic or normocholesterolemic diet
supplemented with pectin (1-10%) for approximately 4 weeks
(Chen and Anderson, 1979, Chen et al., 1981, Vigne et al.,
1287 and Ide and Horii, 1989). Thus, the triglyceride
lowering effect of pectin given to high cholesterol-fed mice
at 5% level for 4 weeks was confirmed in the present study.
The exact mechanism by which pectin lowers triglyceride
concentration 1is still not clear. Studies undertaken to
investigate the lymphatic absorption of 1lipids have
indicated that pectin, may interfere with the digestion
and/or absorption of emulsified triglycerides (Vahouny and

Cassidy, 1986). Pectin may reduce 1lipid absorption by
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causing intestinal morphofunctional changes, such as
axlteration of micellar solubility and reducing the lipid
transport to epithelial cells (Vahouny et al., 1980 and
Vahouny et 2l., 1988). The results of the present study do
not, however, support the hypothesis that pectin could
impair 1lipid ebsorption. Thus, pair-fed animals, receiving a
1% cholesterol diet supplemented with (5%) and without
pectin for 8 weeks had similar fecal weights {(dry and wet)
and fecal cholesterol concentrations, indicating no effect
of pectin on fecal bulk. The hypolipidemic effect of pectin
was also observed in pair-fed mice receiving a 1%
cholesterol diet supplemented with 5% pectin as evident by
plasma TG and T-C concentrations. It is, therefore, unlikely
that the 1lipid lowering effect of pectin is the reflection
of any alteration in intake and/or absorption of dietary
lipids. Furthermore, this study demonstrated that both pair
and ad libitum fed animals receiving a high cholesterol diet
supplemented with 5% pectin had the same weight gain
compared to that of either control A or control B animals.
Tire 1lipid lowering effect of pectin has been related to
its methoxyl content (Judd and Truswell, 1985). Low methoxyl
pectin (less than 7% of methyl esters) has been reported to
be less effective than high methoxyl pectin. It should be
pointed out that in this study, low methoxyl pectin (6.1%)
was used, and yet it was found to be significantly effective
in reducing cholesterol levels in high cholesterol-fed mice.

It is probable that the observed cholesterol lowering
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effect of pectin might be related to the sequeétration of
bile acids by pectin in the intestine {Kay and Truswell,
1977) . The greater demand for bile acid synthesis due to
increased bile acid elimination in the feces, may decrease
the hepatic concentration of cholesterol. Thus, hepatic
uptake of LDL might be increased, which in turn may lower
the plasma total cholesterol and LDL-C concentrations
(Mayes, 1988). Unfortunately, fecal bile acids were not
measured in this study to substantiate this hypothesis.

In addition to pectin, ascorbic acid is another dietary
factor which has been reported to have hypocholesternlemic
effect (Ginter and Bobek, 1981, Ginter et al., 1982b, Horio
et al., 1987). An experiment was designed to investigate the
effect of this vitamin on 1lipid status in mice weighing
25-30 g. Ascorbic acid was given daily at a dose level of 1
mg/ml drinking water. The average water consumption of each
animal was approximately 8 ml/day. Therefore, the total
ascorbic acid intake per day per animal was about 8 mg. At
this level of ascorbic acid intake, the hepatic
concentrations of this vitamin were found to be similar
between the supplemented and unsupplemented animals. Since
mice can synthesize ascorbic acid, it could be argued that
the supplemented amount of the vitamin was insufficient to
exceed its physiological 1levels. One should point out
however, that the supplemental dose level of approximately 8
mg/mouse weighing about 35 g is equivalent to more than 16 g

of ascorbic acid for a 70 Kg human. This amount is at least
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260 times of the RNI for vitamin C in humans. Ascorbic acid
is a water soluble vitamin. Since this vitamin is not stored
in tissues, its excess is normally excreted in urine.
Unfortunately, urinary ascorbic acid conceatrations were not
measured in the present study.

Although ascorbic acid supplementation of 1 mg/ml
drinking water failed to show any increase in the hepatic
concentration of this vitamin, this dose level was found to
be effective in lowering plasma TG concentration in mice. In
the plasma, triglyceride output is mainly regulated by the
enzyme lipoprotein 1lipase 1in extrahepatic tissues, such as
adipose and muscle (Ginter et al., 1982a and Mayes, 1985).
In the wall of blood capillary of the extrahepatic tissues,
the triglycerides are hydrolyzed by the lipoprotein lipase
to free fatty acids plus glycerol (Brown and Goldstein,
1984). An increased activity of the lipoprotein lipase has
been reported in hypercholesterolemic animals on long-term
ascorbic acid administration (Ercen et al., 1985). It seems
that ascorbic acid stimulates the lipolytic activity of the
lipoprotein lipase, thus decreasing the plasma TG
concentrations (Ginter et al., 1982a) as it was observed in
the present study. However, the exact mechanism by which
ascorbic acid stimulates the lipolysis of triglycerices is
still not elucidated.

Ascorbic acid supplementation for 4 and 12 weeks, was
also found to lower plasma T-C in high cholesterol fed

animals. Nonetheless, the cholesterol 1lowering effect of
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ascorbic acid was not observed on the hepatic cholesterol
concentrations. The hepatic cholesterol concentration was,
in effect, increased by 28% following ascorbate
supplementation for 12 weeks. These findings were supported
by the histological analysis which showed an excessive lipid
accumulation in hepatocytes of the animals receiving a high
cholesterol diet plus ascorbic acid. The wunderlying
mechanism by which ascorbic acid produced fatty liver is not
known. Hepatic storage of cholesterol is essentially in its
ester form (Brown and Goldstein, 1984). Unfortunately in
this study, hepatic cholesterol esters were not measured to
better characterize the lipid deposition on liver samples.

It was of interest that the ascorbate-associated
increase in hepatic cholesterol was in parallel with the
high plasma 1levels of LDL-C but not with plasma T-C. It has
been reported (Brown and Goldstein, 1984) that the synthesis
of LDL-receptors is under a feedback control, thus increased
cholesterol concentration in the 1liver «cells 1leads to
suppression of the IDL receptor activity, consequently
increasing the plasma LDL-C levels.

Ascorbic acid 1is also known to interfere with the
biosynthesis of bile acids through stimulating the activity
of the enzyme 7x-hydroxylase, the rate limiting enzyme for
cholesterol degradation (Ginter, 1975 and Ginter et al.,
1982b) (see Fig 1.4). The ascorbic acid induced bile acid
synthesis may lead to an increase in the pool of bile acids

(Harris et at., 1979), which in turn, may result in a



decreased activity of the 7o-hydroxylation of cholesterol (a
feedback inhibition), leading to hypercholasterolemia. In
the present study, the elevated hepatic cholesterol levels
observed in mice fed a high cholestercl diet supplemented
with ascorbic acid may be related to this mechanism.
Furthermore, studies carried out in hypercholesterolemic
subjects receiving asccrbic acid supplementation (300-1000
mg/day) have revealed reductions in plasma cholesterol
levels during the initial period of supplementation. After
approximately 6 months of supplementation, however, the
plasma cholesterol concentration tends to return to its
pre-high levels (Ginter et al., 1981).

Ascorbic acid appears to stimulate the breakdown of
cholesterol to bile acids, and pectin has the potential to
eliminate the bile acids through binding these acids. It is
therefore possible that the administration of ascorbic acid
simultaneously with pectin may interrupt the enterchepatic
reabsorption of bile acids, thus effectively lowering
cholesterol status. Feeding pectin concomitantly with
ascorbic acid to high cholesterol-fed mice for 4 and 12
weeks failed to support this proposed synergistic mechanism,

in this study.

4.1. CONCLUSION

The work presented in this study has indicated that the

supplementation of 5% pectin to mic2 fed a 1% cholesterol
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diet was effective in lowering their lipid status, thus
answering one of the questions proposed in this study. The
long-term (12 weeks) feeding of pectin was found to ke most
effective in reducing hypercholesterolemia. The 1lipid
lowering effect of pectin appeared not to be related to any
alteration 1in dietary intake or absorption of lipids, since
no differences were found in fecal weights and fecal
cholesterol concentrations between the pair-.2d animals
receiving a high cholesterol diet with and without pectin
for 4 weeks. The underlying mechanism by which pectin
affects the plasma and liver lipid metabolism remains open
for future investiqgations. It is rossible that the
hypocholesterolemic et.ect of pectin might be associated
with the sequestration of bile acids in the intestine.
Hence, the determination of fecal bile acids is an important
suggestion for future work.

Ascorbic acid supplementation (1 mg/ml drinking water)
appeared to be effective in lowering triglyceride status in
mice. This observation is of interest since
hypertriglyceridemia may also increase the risk for CHD
(Grundy, 1984). However, this vitamin supplementation
resulted in increased hepatic and decreased plasma
cholesterol 1levels. The asccrbic acid-associated increase in
hepatic concentration of cholesterol maybe the consequence
of enterohepatic circulation of bile acids. Thiz consequence
was thought to be alleviated when pectin and ascorbic acid

were administered concomitantly. A pilot study was carried
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out to test this hypothesis in mice. The synergism between
ascorbic acid and pectin in lowcring cholesterol status in
mice was not observed. The cholesterol-lowering effect
observed in this study was essentially attribut 4 to pectin.
Mice are able to synthesize ascorbic acid znd to
maintain a high chis vitamin in their tissues even
when they are fe. =.. ascorbic : . ~' 1L diet for a
long time (Ginter and Bob.k, 1981). Ii .ne present study,
ascorbic acid 1levels in the liver appeared to be unaffected
by exogenous ascorbic acid at a dose level, 1 mg/ml drinking
water/day for 4 weeks. It seems that although this level of
ascorbic acid is exceedingly high in relation to human
requirements, this was not high enough to exceed its
physiological 1level in mice. Consequently the animals were
unable to reduce cholestercl status. The efficacy of pectin
in concomitant with ascorbic acid in lowering cholesterol
status when given to species, which cannot synthesize
ascorbic acid <cannot be determined from the results of the
present study. It is therefore suggested that a similar
study is carried out in animals incapable of synthesizing

ascorbic acid, such as guinea pigs.
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