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Abstract Studies were conducted to determine whether
pectin (PE) or psyllium (PSY) could reverse the high plasma
cholesterol and triacylglycerol (TAG) concentrations in-
duced by high fat (HF) or high sucrose (HS) diets and
which are the mechanisms involved. Male guinea pigs were
fed either a low fat (LF) or a HF diet with 80% of the carbo-
hydrate energy derived from sucrose. Cellulose was used as
control. Plasma LDL cholesterol, TAG, apolipoprotein B,
and hepatic cholesteryl ester were lower in guinea pigs fed
PE and PSY compared to the control group (

 

P

 

 

 

,

 

 0.03). In
addition, a 45% higher number of hepatic apoB/E recep-
tors was observed by PE and PSY intake. Hepatic ACAT,
HMG-CoA reductase, and cholesterol 7

 

a

 

-hydroxylase (C7H)
activities were higher in the HF compared to the LF groups
(

 

P

 

 

 

,

 

 0.01). PSY intake with HF resulted in up-regulation of
C7H and HMG-CoA reductase activities (

 

P

 

 

 

,

 

 0.05). Addi-
tional studies measuring the effects of PE and PSY on low
density lipoprotein (LDL) transport and very low density
lipoprotein (VLDL) secretion were conducted in the HF
groups.  ApoB secretion was reduced by pectin and psyl-
lium (

 

P

 

 

 

,

 

 0.01) intake while LDL fractional catabolic rates
were 100% faster in guinea pigs fed PE or PSY. In these
studies the extent of the hypolipidemic response was spe-
cific to each fiber type and associated with the amount of
sucrose. In addition, PSY altered the activity of hepatic en-
zymes of cholesterol homeostasis in the HF group. These
additional effects of PSY might explain the more dramatic
changes in plasma lipid levels associated with PSY consump-
tion.—

 

Vergara-Jimenez, M., K. Conde, S. K. Erickson, and
M. L. Fernandez.
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The cholesterol- and triacylglycerol (TAG)-lowering ef-
fects of dietary soluble fiber have repeatedly been ob-
served in animal (1) and human (2) studies. It is well
known that elevated levels of plasma cholesterol and

 

plasma TAG are associated with the development of coro-
nary heart disease (CHD).

Low fat/high carbohydrate (CHO) diets, especially sim-
ple CHO diets, are known to increase plasma TAG con-
centrations (3, 4) while high fat/low CHO diets have been
correlated with higher plasma LDL cholesterol levels (5,
6). Studies in guinea pigs demonstrated that sucrose in-
take increases VLDL apoB secretion rates and plasma cho-
lesterol concentrations compared to complex CHO intake
(7). In contrast, dietary soluble fiber has been shown to
lower plasma LDL cholesterol levels in guinea pigs (8, 9).
Although there are numerous studies relating the benefi-
cial effects of soluble fiber in lowering plasma cholesterol
concentrations, little is known related to its potential use
in lowering plasma TAG concentrations induced by high
sucrose intake. Thus these studies were undertaken to fur-
ther explore the interactive effects of dietary soluble fiber
and hyperlipidemic nutrients such as fat and sucrose. 

Psyllium (PSY), a hydrophilic gel-forming polymer, is
currently used in the management of diverticular diseases
and functional disorders of the large bowel. PSY appar-
ently exerts its hypocholesterolemic mechanism by en-
hancing hepatic cholesterol utilization by its biodegra-
dation into bile acids in hamsters (10) and similar
observations have been documented in human studies
(11). In addition, secondary mechanisms such as reduc-
tion of apoB secretion rates or increases in LDL receptor-
mediated catabolism have been observed in guinea pigs
fed PSY (8). 

Pectin (PE), another source of soluble fiber, reduces

 

Abbreviations: PE, pectin; PSY, psyllium; CON, control; CHO, car-
bohydrate; HF, high fat; LF, low fat; LDL, low density lipoprotein;
VLDL, very low density lipoprotein; HDL, high density lipoprotein;
apo, apoprotein; RID, radioimmunodiffusion; HMG-CoA, 3-hydroxy-3-
methylglutaryl coenzyme A; ACAT, acyl-CoA:cholesterol acyltrans-
ferase; C7H, cholesterol 7

 

a

 

-hydroxylase; FC, free cholesterol; CE, cho-
lesteryl ester; TAG, triacylglycerol; PL, phospholipids; LCAT, lecithin
cholesterol acyltransferase, FCR, fractional catabolic rate.
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cholesterol absorption in guinea pigs compared to guinea
pigs fed a cellulose diet (control) (9). This primary action
in the small intestine results in plasma VLDL and LDL
cholesterol lowering in response to depletion of hepatic
cholesterol and induction of apoB/E receptors (12, 13).

Certain primary and secondary mechanisms responsi-
ble for the lowering of plasma LDL cholesterol due to spe-
cific physiological alterations induced by PE and PSY have
been documented in guinea pigs (9, 12). Therefore, in
these studies, the hypothesis to be tested was that PE and
PSY would reverse the elevated plasma lipid concentra-
tions associated with the intake of diets containing 0.17%
cholesterol and 80% of total CHO energy derived from su-
crose by distinct mechanisms associated with each specific
source of soluble fiber. This level of dietary cholesterol is
equivalent to an absorbed amount equal to the daily syn-
thesis rates in guinea pigs (14). In addition, these studies
address the interaction of PE and PSY with diets contain-
ing low or high fat contributing to 13.3 and 43.2% of the
total calories, respectively.

For these studies, guinea pigs were chosen as the animal
model due to their similarities to humans in terms of
plasma lipoprotein profile, high LDL relative to HDL, dis-
tribution of hepatic cholesterol pools, and similar re-
sponse to dietary factors such as fat, CHO, and dietary sol-
uble fiber (9, 12).

MATERIALS AND METHODS

 

Materials

 

dl

 

-Hydroxy-[3-

 

14

 

C]methylglutaryl coenzyme A (1.81 GBq/
mmol), 

 

dl

 

-[5-

 

3

 

H]mevalonic acid (370 GBq/mmol), cholesteryl-
[1,2,6,7-

 

3

 

H]oleate (370 GBq/mmol), Aquasol, Liquiflor (toluene
concentrate) and [

 

14

 

C]cholesterol were purchased from DuPont
NEN (Boston, MA). Oleoyl-[1-

 

14

 

C]coenzyme A (1.8 GBq/mmol),

 

125

 

I, and 

 

dl

 

-3-hydroxy-3-methylglutaryl coenzyme A were pur-
chased from Amersham (Clearbrook, IL). Cholesteryl oleate,
glucose-6-phosphate, glucose-6-phosphate dehydrogenase, NADP,
Tyloxapol (Triton WR-1339), triacylglycerol kits, and bovine albu-
min were from Sigma Chemical (St. Louis, MO). Enzymatic cho-
lesterol assay kits, cholesterol oxidase, cholesterol esterase, and
hydroperoxidase were purchased from Boehringer Mannheim
(Indianapolis, IN) and halothane was from Halocarbon (Hack-
ensack, NJ). Free cholesterol and phospholipid enzymatic kits
were from Waco Pure Chemical (Osaka, Japan). Quick-Seal tubes
were from Beckman (Palo Alto, CA). High methoxylated pectin
from lime peels and containing 6.7% methoxyl groups and 74%
galacturonic acid was obtained from Grinsted Products Inc. (In-
dustrial Airport, KY); and powdered psyllium husk #40-purified
95% and containing less than 3% fat and 1% protein was ob-
tained from Meer Corporation (North Bergen, NJ).

 

Diets 

 

Diets were prepared and pelleted by Research Diets (New
Brunswick, NJ). Six different diets were used during these stud-
ies, low fat and high fat diets. The amount of protein, fiber, vita-
mins, minerals, and cholesterol in these diets was adjusted to the
same energy density. Diets differ in the fiber source and the
amount of fat and carbohydrate (

 

Table 1

 

). Dietary cholesterol
was adjusted to 0.42 g/1000 kcal which is equivalent to an
amount of absorbed cholesterol equal to the daily synthesis rates
in guinea pigs (14). Three different types of fiber were tested;
cellulose, a source of insoluble fiber (control diet), and two
sources of soluble fiber, pectin (PE) and psyllium (PSY). The low
fat diets contained 19.5 g/100 g protein (22.7% of total energy);
55 g/100 g carbohydrates (CHO) equivalent to 64% of total en-
ergy, with sucrose contributing to 80% of the CHO energy and 5
g/100 g (13.3 % energy) of a fat mix with a 2:1:1 ratio of satu-
rated:monounsaturated:polyunsaturated fatty acids (23.8 g/100
g lauric, 7.8 g/100g myristic, 9.2 g/100 g palmitic, 8.6 g/100g
stearic, 19.9 g/100g oleic, and 26.4 g/100 g linoleic). The fat mix
was formulated with 24% olive oil, 49% palm kernel oil, and 27%
safflower oil. The high fat diets contained 22.8 g/100 g protein,
19 g/100 g fat, and 35 g/100 g total CHO (34.9% of total energy)
with 80% of the CHO energy contributed by sucrose. As PE and

TABLE 1. Composition of experimental diets

 

Nutrient Low Fat Diets Energy High Fat Diets Energy

 

% %

 

Protein 19.5 19.5 19.5 22.7 22.8 22.8 22.8 23.0
Fat mix

 

a

 

5.1 5.1 5.1 13.3 19.0 19.0 19.0 43.2
Starch 11.0 11.0 11.0 12.8 7.0 7.0 7.0 7.0
Sucrose 44.0 44.0 44.0 51.2 28.0 28.0 28.0 27.9
Vitamins

 

b

 

0.9 0.9 0.9 — 1.0 1.0 1.0 1.0
Minerals

 

b

 

7.1 7.1 7.1 — 8.2 8.2 8.2 —
Cellulose

 

12.0

 

— 4.8 —

 

14.0

 

— 5.6 —
Pectin —

 

12.0

 

— — —

 

14.0

 

— —
Psyllium — —

 

7.2

 

— — —

 

8.4

 

—
Cholesterol 0.15 0.15 0.15 — 0.17 0.17 0.17 —
Kjoule/g 5.18 5.18 5.18 — 5.97 5.97 5.97 —
Nutrient caloric density (g/1000 kcal)

Fiber 34.9 34.9 34.9 34.9 34.9 34.9
Minerals 20.6 20.6 20.6 20.6 20.6 20.6
Vitamins 2.60 2.60 2.60 2.60 2.60 2.60
Proteins 57.3 57.3 57.3 57.3 57.3 57.3
Cholesterol 0.42 0.42 0.42 0.42 0.42 0.42

 

a

 

Fat mix with polyunsaturated/saturated ratio of 0.5 with 2:1:1 saturated, monounsaturated, and polyunsatu-
rated fatty acids (23.8% lauric, 7.8% myristic, 9.2% palmitic, 8.6% stearic, 19.9% oleic, and 26.4% linoleic).

 

b

 

Vitamins and minerals were formulated to meet NRC specified requirements for guinea pigs. A detailed com-
position of vitamins and minerals has been reported elsewhere (14)
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PSY have similar hypocholesterolemic effects when pectin is
given as the sole fiber source and PSY at a concentration of 60 g/
100 g total soluble fiber (10, 12), the amounts of fiber were ad-
justed accordingly in the low and high fat diets.

 

Animals

 

Male Hartley guinea pigs (Sasco Sprague Dawley, Omaha,
NE), weighing 300–400 g (six per group) were randomly as-
signed to one of six dietary groups for 4 weeks. Preliminary stud-
ies have shown that this time (4 weeks) is sufficient to establish a
constant plasma cholesterol concentration and a metabolic
steady state (9). Animals were housed in a room with a con-
trolled light cycle (light 0700–1900 h) and provided with free ac-
cess to the semipurified diets and water. Animals were anesthe-
tized with halothane and killed by heart puncture. Blood was
utilized for the measurement of plasma lipids and lipoproteins.
Hepatic tissue was harvested for the isolation of microsomes and
for the measurement of hepatic lipids. For the animals involved
in the TAG secretion rate assay, food was withheld for 12 h prior
to killing to reduce postprandial plasma TAG concentrations.
Guinea pigs used for the in vivo studies were anesthetized with
ketamine (0.33 g/kg body weight) for implantation of a cathe-
ter, and experiments were conducted 4 to 5 h after surgery. Ani-
mals used in kinetic studies were killed by an excess of hal-
othane vapors and those used for TAG secretion rate studies
were killed by exsanguination by cardiac puncture to obtain
plasma for isolation of nascent VLDL. All animal experiments
were conducted in accordance with U.S. Public Health Services
and U.S. Department of Agriculture guidelines, and experimen-
tal protocols were approved by the Institutional Animal Care
and Use Committee. 

 

Plasma and liver lipids

 

Total plasma and lipoprotein cholesterol concentrations were
determined by enzymatic analysis (15). VLDL 

 

1

 

 IDL and LDL
were separated by sequential ultracentrifugation in an L8-M ul-
tracentrifuge (Beckman Instruments, Palo Alto, CA) at 125,000 

 

g

 

at 15

 

8

 

C for 19 h in a Ti-50 rotor. Separation was based on the fol-
lowing density fractions: d 

 

,

 

 1.019 kg/L for VLDL and IDL, and
for LDL d 

 

,

 

 1.019–1.090 kg/L. In addition, plasma HDL choles-
terol was determined using the precipitation method of Warnick,
Bederson, and Albers (16).

Hepatic total and free cholesterol and TAG were determined
according to Carr, Andressen, and Rudel (17) after extraction of
hepatic lipids with chloroform–methanol 2:1. Hepatic choles-
teryl ester concentrations were calculated by subtracting hepatic
free from total cholesterol.

 

VLDL and LDL characterization

 

VLDL and LDL composition was calculated by determining
free and esterified cholesterol (17), protein by a modified Lowry
procedure (18), and TAG and phospholipids by use of enzymatic
kits. VLDL apoB was selectively precipitated with propanol-2
(19). The number of constituent molecules of VLDL and LDL
was calculated on the basis of one apoB per LDL (purity con-
firmed by SDS-PAGE) with a molecular mass of 412,000 kD (20).
The molecular weights were: 885.4, 386.6, 645, and 734 for TAG,
free and esterified cholesterol, and phospholipids, respectively.

 

Determination of apoB concentrations

 

Polyclonal antibodies against apoB-100 were prepared by in-
jecting guinea pig purified LDL (checked by SDS-PAGE) into a
sheep in one dose (300 mg/L) followed by two booster doses
(200 mg/L) every 10 days. Antibodies were purified by use of an-
tigen affinity column and apoB antibodies were eluted by modifi-

 

cation of pH (21). The specificity of the polyclonal antibodies
was tested by use of radioimmunodiffusion (RID) kits. ApoB con-
centrations in plasma were measured by silver-enhanced radioim-
munodiffusion (SERID) in which the antigen was allowed to dif-
fuse radially from wells punched into gel media containing the
antibody (22). RID plates were incubated at 37

 

8

 

C for 72 h. Diam-
eters of the immunoprecipitate were read using an RID reader.
Linear regression equations were generated for the standard cal-
ibrator curve to calculate sample concentrations. The standards
were prepared by isolating guinea pig LDL at a more restricted
density (d 1.023–1.075 kg/L) and further purification by use of
agarose column chromatography. The purity of LDL was
checked by SDS-PAGE. Protein was determined by a modification
of the Lowry method (18) and standards ranging in concentra-
tion from 0 to 650 mg/L were prepared.

 

LCAT assay

 

Freshly isolated plasma samples were incubated at 0

 

8

 

C (con-
trol) or 37

 

8

 

C (experimental) for 6 h. Plasma free cholesterol con-
centrations were determined in control and incubated samples
by enzymatic methods using a microtiter plate reader (17). This
method measures the physiological plasma LCAT activity from
the decrease in endogenous free cholesterol in incubated plasma
samples. LCAT activity is expressed as the molar cholesterol es-
terification rate (

 

m

 

mol decrease in unesterified cholesterol/h
per L plasma). The conditions for plasma LCAT activity have
been standardized for guinea pigs (8).

 

Isolation of hepatic microsomes

 

Guinea pigs were killed and livers were removed for the isola-
tion of hepatic microsomes. Isolation of hepatic microsomes was
performed by pressing liver tissues through a tissue grinder into
1:3 homogenization buffer (50 

 

m

 

mol/L KH

 

2

 

PO

 

4

 

, 0.1 mol/L su-
crose, 50 

 

m

 

mol/L NaCl, 30 

 

m

 

mol/L EDTA, and 2 

 

m

 

mol/L dithio-
threitol, pH 7.2). This preparation was further homogenized
with a Potter-Elvehjem homogenizer. A microsomal fraction was
isolated by two 25-min centrifugations at 10,000 

 

g

 

 ( JA-20 rotor,
J2-21) followed by ultracentrifugation at 100,000 

 

g

 

 in a Ti-50 ro-
tor at 4

 

8

 

C. Microsomes were resuspended in the homogenization
buffer and centrifuged an additional hour at 100,000 

 

g

 

. After
centrifugation, microsomal pellets were homogenized and stored
at 

 

2

 

70

 

8

 

C. Hepatic microsomes were utilized to measure 3-
hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA re-
ductase), acyl-CoA cholesterol acyltransferase (ACAT), and cho-
lesterol 7

 

a

 

-hydroxylase (C7H) activities.

 

Hepatic HMG-CoA reductase assay

 

Microsomal HMG-CoA reductase (EC 1.1.1.34) activity was
measured as described by Shapiro, Imblum, and Rodwell (23).
Briefly, 200 

 

m

 

g of microsomal protein was incubated with 7.5
nmol (0.33 GBq/nmol) [3-

 

14

 

C]HMG-CoA, 4.5 mol glucose-6-
phosphate, 3.6 

 

m

 

mol EDTA, 0.45 

 

m

 

mol NADP, and 0.3 IU glu-
cose-6-phosphate dehydrogenase for 15 min at 37

 

8

 

C to a final vol-
ume of 0.05 mL. [

 

3

 

H]mevalonic acid used as an internal recovery
standard (0.025 ml per assay) was added to stop the reaction and
1.2 kg/L of unlabeled mevalonate was added to increase recov-
ery. Samples were further incubated at 37

 

8

 

C for 30 min. After in-
cubation, microsomal protein was precipitated by centrifugation
for 1 min, and an aliquot of the supernatant was applied to silica
gel TLC plates (Alltech, Deerfield, IL). Plates were developed in
acetone–benzene 1:1, and the area containing the mevalonate
(

 

R

 

f

 

 

 

0.6–0.9) was scraped and mixed with 5 ml of Aquasol. Radio-
activity was measured using a scintillation counter. HMG-CoA re-
ductase activity was expressed as picomoles of [

 

14

 

C]mevalonate
produced per min per milligram of microsomal protein. Recov-
eries of [

 

3

 

H]mevalonate were between 65 and 80%.
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Hepatic ACAT assay

 

Hepatic ACAT (EC 2.3.1.26) activity was determined by prein-
cubating microsomal protein (0.8 to 1 mg per assay) with 84 g/L,
the amount of albumin equivalent to the molar ratio of the sub-
strate (1:1 albumin:[

 

14

 

C]oleoyl-CoA)(24), and buffer (50 

 

m

 

mol/
L KH

 

2

 

PO

 

4

 

, 8 mol/L sucrose, 50 

 

m

 

mol/L KCl, 30 

 

m

 

mol/L EDTA,
and 50 

 

m

 

mol/L NaF) to a final volume of 0.18 mL. After 5 min at
37

 

8

 

C, 20 

 

m

 

l (500 

 

m

 

mol/L) of oleoyl-[1-

 

14

 

C]coenzyme (0.15 GBq/
pmol) was added, and the reaction proceeded for 15 min at the
same temperature. The reaction was stopped by the addition of
2.5 mL of chloroform–methanol 2:1. The [

 

3

 

H]cholesteryl oleate
recovery standard (0.045 GBq per assay) was added, mixed, and
allowed to stand overnight at room temperature. The aqueous
phase was removed, and after evaporation of the organic phase
to dryness, samples were resuspended in 150 

 

m

 

L of chloroform
containing 30 

 

m

 

g of unlabeled cholesteryl oleate. Samples were
applied to glass silica gel TLC plates (Alltech) and developed in
hexane–diethyl ether 9:1. Cholesteryl oleate was visualized with
iodine vapors and scraped from the TLC plates, 5 ml of liquiflour
was added, and radioactivity was counted in a scintillation
counter. Recoveries of the [

 

3

 

H]cholesteryl oleate ranged from 75
to 90%.

 

Hepatic cholesterol 7

 

a

 

-hydroxylase assay 

 

Cholesterol 7

 

a

 

-hydroxylase (EC 1.14.13.7) activity was assayed
by the method of Shefer, Hauser and Mosbach (25) as modified
by Jelinek et al. (26) using [

 

14

 

C]cholesterol as substrate, except
that cholesterol was delivered as cholesterol:phosphatidylcholine
liposomes (1:8 by weight) prepared by sonication and a NADPH-
regenerating system (glucose-6-phosphate dehydrogenase, NADP,
and glucose-6-phosphate) was included in the assay. After addi-
tion of glucose-6-phosphate dehydrogenase (0.3 IU), samples
were incubated for an additional 30 min. The reaction was
stopped by addition of 5 mL of chloroform–methanol 2:1 and 1
ml of acidified water (5% sulfuric acid). Tubes were mixed, the
top layer was discharged, and samples were dried under nitro-
gen. Samples and 7

 

a

 

- and 7

 

b

 

-hydroxycholesterol standards each
were dissolved in 100 

 

m

 

l of chloroform, applied to silica gel TLC
plates, and developed with ethyl acetate–toluene 3:2. The plates
were exposed to iodine vapors to mark the 7

 

a

 

 and 7

 

b

 

-hydroxy-
cholesterol standards and then placed on XAR-5 film with inten-
sifying screen overnight. Using the film as a guide, the location
of the [

 

14

 

C]7

 

a

 

-hydroxycholesterol spots was determined and the
gel was scraped from the plate. Five ml of liquiflour was added to
the gel, and the mixture was counted in a scintillation counter.

 

LDL binding assay 

 

Pooled samples of guinea pig LDL were radioiodinated with

 

125

 

I by the iodine monochloride method (27) to give a specific
activity between 100–300 cpm/ng. Hepatic microsomes were in-
cubated with the radiolabel LDL over a concentration range of
10 to 80 

 

m

 

g/mL in the presence or absence of 1 mg/mL of unla-
beled human LDL, an effective competitor at 37

 

8

 

C to determine
total and non-specific binding. Receptor-mediated binding was
determined by difference. After incubation for 2 h at 37

 

8

 

C, mi-
crosomes were pelleted by ultracentrifugation in a Ti 42.2 rotor
at 100,000 

 

g

 

 for 1 h, followed by a washing of 30 min with 100 

 

m

 

L
of 3 g/100 g albumin solution. Tubes were sliced at the bottom
and counted in a scintillation counter. 

 

K

 

d

 

 and 

 

B

 

max

 

 were deter-
mined from Woolf plots (28).

 

Triacylglycerol secretion rate

 

The rates of VLDL TAG and apoB secretions were determined
by blocking VLDL catabolism with Triton WR-1339, a detergent
that coats VLDL particles, thus impeding the action of lipopro-
tein lipase (LPL) in vivo. This method has been well character-

ized in guinea pigs (29, 30). Food was withheld from animals 12
h prior to surgery and a catheter was inserted into the carotid ar-
tery for injection of Triton and continuous blood sampling.
Guinea pigs were fasted during the 8 h of the experiment to en-
sure that the measured plasma TAG levels reflected VLDL secre-
tion and not influx of dietary TAG as chylomicrons. A 20% Tri-
ton solution (100 mg/kg of body weight) was injected and blood
samples (500 

 

m

 

l) were taken at 0, 5, 10, 15, 20, 50, 75, 120, 180,
300, and 480 min. Plasma was separated from red blood cells and
TAG concentrations were measured for each time point. TAG ac-
cumulation in plasma increased linearly with time. TAG secre-
tion rate was calculated by regression as mmol TAG secreted/(kg
body weight

 

?

 

h). Calculations were based on the assumption that
plasma equals 4.0% of body weight in guinea pigs (31). ApoB se-
cretion rates were calculated by multiplying VLDL TAG secretion
rate 

 

3

 

 apoB concentrations (%) divided by VLDL TAG (%) (7).

 

Isolation and characterization of VLDL 

 

At the end of the TAG secretion rate experiments, guinea pigs
were killed and nascent VLDL was isolated (d 1.006 kg/L); com-
position was determined by measuring protein, TAG, phospho-
lipids, and cholesterol as previously reported (7). VLDL apoB
was selectively precipitated with propanol-2 (32); protein was de-
termined in the supernatant and VLDL apoB was calculated by
difference. The number of component molecules of nascent
VLDL was calculated as was mentioned above for the VLDL and
LDL characterization.

 

In vivo LDL kinetics

 

Guinea pig plasma LDL (1.019–1.09 kg/L) was isolated by ul-
tracentrifugation from guinea pigs fed the three high fat diets.
This plasma was for injection into recipient animals from the
same dietary group to mimic the in vivo situation and not to in-
troduce another variable such as changes in affinity of LDL re-
ceptors of the recipient animals to LDL particles modified by dif-
ferent dietary treatments. Centrifugation was performed in a Ti
50 rotor for 24 h at 100,000 

 

g

 

 at 158C. LDL was dialyzed against
0.9 g NaCl 1 0.01 g EDTA/100 g water for 24 h and iodinated ac-
cording to Goldstein, Basu, and Brown (27) using 125I. 125I-labeled
LDL was used within 2 days of iodination to minimize damage
due to radiation oxidation. In LDL 95-97% of the radioactivity
was associated with apoB while 3–5% of the radioactivity was asso-
ciated with free iodine.

Animals were injected with the isotope through an indwelling
catheter inserted via carotid artery, and plasma samples were
taken at 0, 1, 3, 10, 40, and 60 min and at 3, 5, 10, 22, and 28 h
(9). The plasma disappearance of radiolabeled LDL was followed
by counting plasma samples directly in the gamma counter, and
LDL fractional catabolic rates (FCR) were determined by use of a
two-pool model as described by Matthews (33).

Statistical analysis
Two-way analysis of variance (ANOVA) (GBSTAT, Silver Spring

MD) was used to test significant fat and fiber effects on plasma
lipids, hepatic cholesterol, and TAG, weight gain, plasma apoB,
TAG secretion rate, composition of nascent VLDL and LDL turn-
over studies, apoB/E receptor Bmax and Kd and activities of he-
patic HMG-CoA reductase, ACAT, and cholesterol 7a-hydroxy-
lase. The Tukey’s test was used as post hoc test to evaluate
differences among means when an interactive effect was present.
Because animals fed the PSY diet gained less weight as a group
than control animals or those fed PE, an analysis of covariance
was performed using plasma cholesterol as the dependent vari-
able and weight as the covariate to determine whether or not the
observed differences were associated with changes in weight
gain. Regression analysis was used to identify significant correla-
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tions. One-tail Student’s t-test was used to calculate differences
between control and soluble fiber in the FCR and apoB secretion
rates. Statistical analysis of the kinetic data was fitted using a two-
pool model ( JANA, SCI Software, Lexington, KY). Data are pre-
sented as the mean 6 SD for the number of animals tested. Dif-
ferences were considered significant at P , 0.05.

RESULTS

Effects of PE and PSY with low and high fat diets on 
plasma lipid and lipoproteins

Guinea pigs fed the PSY diet had lower weight gain than
those in the other two dietary groups. However, by per-
forming an analysis of covariance, no correlation between
plasma cholesterol and weight gain was found for any of
the dietary groups (P 5 0.445) and the significant differ-
ences in plasma cholesterol persisted after using weight
gain as a covariate (P 5 0.002)(Table 2). Plasma choles-
terol concentrations were affected both by dietary fiber
and the amount of fat intake (P , 0.001). Guinea pigs fed
PE and PSY had 35% lower plasma cholesterol compared
to the control in the low fat group and 30–60% lower than
those in the high fat group (Table 2). Guinea pigs fed the
PSY diet had the lowest plasma cholesterol concentrations
(interaction effect, P , 0.01). Plasma TAG concentrations
were 40% lower as a result of intake of PE and PSY in the
high fat group only (P , 0.05) while no differences in
plasma TAG levels were observed for the three dietary fi-
ber groups (cellulose, PE, and PSY) in the low fat group
(Table 2). Guinea pigs fed the high fat diets had higher
plasma cholesterol and TAG concentrations than those
from the low fat group (P , 0.001).

PE and PSY intake resulted in lower plasma apoB con-
centrations (P , 0.01) which were more pronounced in
guinea pigs fed the high fat diet (P , 0.05) (Table 2).

Guinea pigs fed the high fat diets had more elevated
plasma apoB concentrations than those from the low fat
group (P , 0.001). There was a positive correlation be-
tween total plasma cholesterol and apoB (r 5 0.89, P ,
0.01) for all dietary groups (Fig. 1), which suggests a de-
crease in the number of apoB-containing particles in
guinea pigs fed low fat diets and this decrease apparently
contributes to the reduction in total plasma cholesterol in
the low fat compared to the high fat groups.

VLDL cholesterol concentrations were not affected by
dietary treatments. In contrast, plasma LDL cholesterol
concentrations were lower in animals fed PE and PSY (P ,
0.001) compared to control (Table 3) and PSY had a
greater LDL cholesterol lowering in the high fat group
(interaction effect, P , 0.05). Animals in the high fat
group had higher plasma LDL concentrations than ani-

TABLE 2. Weight gain, plasma lipids, and apolipoprotein B of 
guinea pigs fed low fat (5.5%) or high fat (19%) diets with 64 or 35% 

of total energy derived from carbohydrates (CHO), respectively,
and 80% of CHO energy derived from sucrose

Diets Weight Gain Cholesterol Triacylglycerol ApoB

g/4 wk mmol/L mmol/L mg/dL

Low Fat
Control 210 6 21 4.03 6 1.68 0.58 6 0.12 72 6 5
Pectin 204 6 27 3.12 6 0.87 0.68 6 0.09 65 6 7
Psyllium 178 6 27 2.09 6 0.34 0.68 6 0.24 60 6 8

High Fat
Control 212 6 39 7.68 6 0.62 1.30 6 0.24 148 6 12
Pectin 199 6 14 5.40 6 1.71 0.90 6 0.16 104 6 51
Psyllium 127 6 33 2.99 6 2.17 0.79 6 0.17 74 6 43

Two-way ANOVA
Fat amounta NS P , 0.001 P , 0.001 P , 0.001
Fiber typeb P , 0.001 P , 0.001 P , 0.05 P , 0.01
Interaction NS P , 0.05 P , 0.001 P , 0.05

Cellulose (control), pectin or psyllium were used as sources of di-
etary fiber. Data are presented as mean 6 SD for 6 guinea pigs.

aHigh fat . low fat for plasma cholesterol, triacylglycerol and
apoB.

bPsyllium , pectin 5 control for weight gain. Psyllium 5 pectin ,
control for plasma cholesterol, triacylglycerol, and apoB.

Fig. 1. Correlation between plasma cholesterol concentrations and
plasma apoB (r 5 0.89, P , 0.01) of guinea pigs fed cellulose/high
fat (con/hf), pectin/high fat (pe/hf), psyllium/high fat (psy/hf),
cellulose/low fat (con/lf), pectin/low fat (pe/lf) or psyllium/low
fat (psy/lf). Each point represents an individual guinea pig.

TABLE 3. Plasma VLDL, LDL, and HDL cholesterol concentrations 
of guinea pigs fed low fat (5.5%) or high fat (19%) diets with 64

or 35% of total energy derived from carbohydrates (CHO),
respectively, and 80% of CHO energy derived from sucrose 

Plasma Lipoproteins

Diets VLDL LDL HDL

mmol/L

Low fat
Control 0.18 6 0.28 3.65 6 1.63 0.18 6 0.05
Pectin 0.13 6 0.21 2.74 6 0.80 0.18 6 0.03
Psyllium 0.10 6 0.02 1.84 6 0.34 0.21 6 0.05

High fat
Control 0.31 6 0.23 6.78 6 0.41 0.35 6 0.16
Pectin 0.13 6 0.05 4.99 6 1.66 0.31 6 0.26
Psyllium 0.21 6 0.31 2.59 6 1.86 0.21 6 0.05

Two-way ANOVA
Fat amounta NS P , 0.001 P , 0.05
Fiber typeb NS P , 0.001 NS
Interaction NS P , 0.05 NS

Cellulose (control), pectin or psyllium were used as sources of di-
etary fiber. Data are presented as mean 6 SD for 6 guinea pigs.

a High fat . low fat for HDL.
b Psyllium 5 pectin , control for LDL.

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


1460 Journal of Lipid Research Volume 39, 1998

lower in guinea pigs fed low fat, hepatic cholesteryl ester
concentrations were reduced by PE and PSY intake (P ,
0.001). Hepatic cholesteryl ester concentrations were 62%
lower in guinea pigs fed PE and PSY (P , 0.001) in the
low fat group, and 71% lower in those fed PSY in the high
fat group (Table 5). Hepatic TAG were 48% lower in
guinea pigs fed PE and PSY in the higher fat group com-
pared to the control group (interaction effect P , 0.001)
while no changes in hepatic TAG were observed for low
fat intake.

Effects of PE and PSY with low and high fat diets on
hepatic apoB/E receptors

Hepatic microsomes were used for the measurement of
apoB/E receptor number. Results are presented for di-
etary soluble fiber groups compared to control. Soluble fi-
ber intake resulted in higher number of hepatic apoB/E
receptors in both the low and high fat groups compared
to control animals by 45% and 41% respectively (Table 6).
These results suggest that an increase in the number of re-
ceptors contributes to a decrease in plasma LDL choles-
terol due to hepatic uptake efficiency.

Effects of PE and PSY with low and high fat diets
on hepatic enzyme activities

The activity of hepatic enzymes related to cholesterol
metabolism was affected by the different dietary treat-
ments. ACAT activity was not altered by PE or PSY; how-
ever, there was a clear effect due to the amount of dietary
fat on this enzyme activity (Table 7). 

HMG-CoA reductase activity was higher in animals fed
the high fat diet (P , 0.001). PSY up-regulated HMG-CoA
reductase activity by 55% only in combination with high
fat intake (interaction effect P , 0.05)(Table 7). C7H ac-
tivity was higher in guinea pigs fed high fat diets com-
pared to those in the low fat group. In the high fat group,
PSY increased the activity of C7H by 24% compared to
guinea pigs fed either cellulose or pectin (interaction ef-

Fig. 2. Number of cholesteryl ester (CE), free cholesterol (FC),
phospholipids (PL), and triacylglycerol (TAG) molecules of plasma
low density lipoprotein (LDL) particles from guinea pigs fed cellu-
lose/high fat (control), pectin/high fat (pectin), psyllium/high fat
(psyllium) (lower panel); and guinea pigs fed cellulose/low fat
(control), pectin/low fat (pectin), psyllium/low fat (psyllium) (up-
per panel). Different superscripts a, b, indicate significantly differ-
ent. Pectin and psyllium are different from control in the high fat
groups and psyllium in the low fat groups is different from control
and pectin for the number of free cholesterol molecules in the LDL
particle.

mals in the low fat group (P , 0.001) (Table 3). Plasma
HDL cholesterol concentrations were higher in the high
fat groups (P , 0.05). PE and PSY had no effect on this
parameter.

LDL composition was modified by fat amount and solu-
ble fiber. LDL isolated from animals fed low fat diets and
PSY had fewer free cholesterol molecules (Fig. 2, upper
panel) while PE and PSY intake resulted in a lower num-
ber of free cholesterol molecules in LDL isolated from the
high fat groups (Fig. 2, lower panel).

Plasma LCAT activity was affected only by dietary fat
amount. Guinea pigs fed high fat diets had higher LCAT
activity than those fed low fat. As LCAT is involved in the
esterification rates of HDL cholesterol, this may be corre-
lated with more elevated plasma HDL cholesterol concen-
trations in guinea pigs fed high fat. There were no PE,
PSY, or interaction effects on LCAT activity (Table 4).

Effects of PE and PSY with low and high fat diets
on hepatic lipids

Hepatic total cholesterol concentrations were altered
by the amount of fat and the type of fiber fed to the
guinea pigs (Table 5). While hepatic free cholesterol was

 
TABLE 4. Plasma LCAT activity of guinea pigs fed low fat (5.5%)

or high fat (19%) diets with 64 or 35% of total energy derived
from carbohydrates (CHO), respectively, and 80% of

CHO energy derived from sucrose

Diets LCAT Activity

mol/L-h

Low fat
Control 3.8 6 2.5
Pectin 4.0 6 3.2
Psyllium 1.8 6 1.6

High fat
Control 12.7 6 7.3
Pectin 10.4 6 7.5
Psyllium 7.2 6 1.0

Two-way ANOVA 
Fat amounta P , 0.01
Fiber type NS
Interaction NS

Cellulose (control), pectin or psyllium were used as sources of di-
etary fiber. Data are presented as mean 6 SD for 6 guinea pigs.

a High fat . low fat for LCAT activity.
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fect P , 0.05). These results suggest that the effect of PSY
on these two regulatory enzymes of cholesterol homeosta-
sis, HMG-CoA reductase and C7H, may be associated with
the hypolipidemic action of PSY. 

As no changes in plasma TAG concentrations in guinea
pigs fed low fat/high CHO diets were demonstrated, a sec-
ond set of experiments using 12 guinea pigs per dietary
group was conducted where only the high fat/low CHO
groups were considered to evaluate other parameters in-
volved in lipid metabolism such as TAG and apoB secre-
tion rates and LDL turnover.

High fat diets
Plasma lipids. In agreement with our previous results,

plasma cholesterol concentrations were lower in those
guinea pigs fed PSY and PE compared to the control
group (P , 0.01) (Table 8) with PSY having a stronger hy-

pocholesterolemic effect than PE. PE and PSY also de-
creased plasma TAG (P , 0.002) compared to animals fed
cellulose (Table 8) and no differences between PE and
PSY were found for plasma lipids.

VLDL-TAG and apo-B secretion rates. Hepatic TAG secretion
rates were measured by evaluating plasma TAG accumula-
tion after intravenous injection of Triton WR-1339 as pre-
viously described. Plasma TAG concentrations increased
linearly after 8 h for the three dietary groups, which indi-
cates that there was an interruption of the delipidation
cascade in plasma (data not shown). TAG and apoB secre-
tion rates were not affected by PE and PSY intakes (Table

TABLE 5. Hepatic lipids of guinea pigs fed low fat (5.5%) or high fat (19%) diets with 64 or 35% of total energy 
derived from carbohydrates (CHO), respectively, and 80% of CHO energy derived from sucrose

Hepatic Lipids

Diets
Total

Cholesterol
Free

Cholesterol
Esterified

Cholesterol Triacylglycerol

mmol/g

Low Fat
Control 9.57 6 2.33 5.43 6 1.03 4.14 6 1.81 1.24 6 0.11
Pectin 8.02 6 3.36 5.69 6 1.81 2.33 6 1.81 3.28 6 1.92
Psyllium 5.43 6 0.78 4.40 6 0.52 0.78 6 0.52 2.48 6 1.36

High fat
Control 11.38 6 3.10 7.24 6 1.55 4.40 6 1.81 4.18 6 1.81
Pectin 9.31 6 2.33 6.21 6 1.81 3.36 6 1.03 2.48 6 1.36
Psyllium 7.50 6 2.33 6.21 6 2.59 1.29 6 0.52 1.81 6 1.11

Two-way ANOVA
Fat amounta P , 0.05 P , 0.05 NS NS
Fiber typeb P , 0.001 NS P , 0.001 NS
Interaction NS NS NS P , 0.001

Cellulose (control), pectin or psyllium were used as sources of dietary fiber. Data are presented as mean 6 SD
for 6 guinea pigs.

a High fat . low fat for total and free cholesterol.
b Psyllium , Pectin 5 control for total and esterified cholesterol.

TABLE 6. LDL binding to hepatic microsomes of guinea pigs fed low 
fat (5.5%) or high fat (19%) diets with 64 or 35% of total energy

derived from carbohydrates (CHO), respectively, and 80%
of CHO energy derived from sucrose

LDL Binding Parameters

Diets Bmax Kd 

mg/mg microsomal
protein

mg/L

Low fat
Control 1.07 6 0.15a 20 6 3
Soluble Fiber 1.96 6 0.73b 30 6 2

High fat
Control 1.22 6 0.40a 35 6 3
Soluble Fiber 2.07 6 0.66b 39 6 2

Cellulose (control), pectin or psyllium were used as sources of di-
etary fiber. Samples from soluble fiber (PE and PSY) were pooled and
analyzed with Student’s t test. Values represent mean 6 SD for guinea
pigs fed control (n 5 4) and soluble fiber (n = 6). Values in the same
column with different superscripts are significantly different (P , 0.05)
as determined by Student’s t -test.

TABLE 7. Hepatic 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase, acyl-CoA:cholesterol acyltransferase (ACAT), and

cholesterol 7a-hydroxylase (C7H) activities of guinea pigs fed
low fat (5.5%) or high fat (19%) diets with 64 or 35% of total

energy derived from carbohydrates (CHO), respectively,
and 80% of CHO energy derived from sucrose

Hepatic Enzyme Activity

Diets ACAT
HMG-CoA
Reductase C7H

pmol/min?mg protein

Low fat
Control 10 6 5 1.6 6 0.5 1.8 6 0.3
Pectin 9 6 5 1.5 6 0.7 1.8 6 0.3
Psyllium 7 6 1 1.4 6 0.3 1.7 6 0.2

High fat
Control 23 6 5 1.1 6 0.3 2.5 6 0.6
Pectin 28 6 14 1.7 6 0.3 2.7 6 0.4
Psyllium 23 6 8 3.3 6 1.9 3.4 6 0.7

Two-way ANOVA
Fat amounta P , 0.001 P , 0.01 P , 0.001
Fiber type NS NS NS
Interaction NS P , 0.05 P , 0.05

Cellulose (control), pectin or psyllium were used as sources of di-
etary fiber. Data are presented as mean 6 SD for 6 guinea pigs.

aHigh fat . low fat for ACAT, HMG-CoA reductase, and C7H
activities.
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9). However, the rates of apoB secretion were significantly
reduced in the soluble fiber groups compared to the cel-
lulose group (P , 0.05) indicating that nascent VLDL
composition was altered by PE and PSY (Fig. 3).

PE significantly increased the number of TAG mole-
cules in nascent VLDL (P , 0.03) compared to the con-
trol group (Fig. 4). In addition, PSY intake decreased the
number of cholesteryl ester molecules (P , 0.03) and in-
creased the number of phospholipids in nascent VLDL (P ,
0.01) compared to the PE and control groups (Fig. 4).
These results indicate that PE and PSY modify nascent
VLDL particles in a different manner but both treatments
result in larger VLDL.

LDL turnover. LDL apoB pool size was lower in PSY and
PE fed animals compared to control group (Table 10)
while apoB FCR or flux was not affected by PE and PSY
when analyzed individually (Table 10). However, when we
compared soluble fiber versus control groups (Fig. 5)
there was a reduction in LDL FCR (P , 0.03), indicating
that soluble fiber increases LDL catabolism possibly due
to the increases in hepatic apoB/E receptor number ob-
served within this study (Table 6). 

DISCUSSION

We have shown in this study that the extent to which PE
or PSY influence plasma lipid levels is significantly related
to the presence of other nutrients. For example, it is clear
that the hypolipidemic effects of PE are somewhat dimin-
ished in the presence of diets containing high sucrose lev-
els as in the case of the low fat diets. The interpretation of
these results is based on how PE or PSY influence the ab-
sorption rate of nutrients in the small intestine and how

these nutrients will affect metabolic routes in the liver and
consequently alter secretion and catabolism of VLDL and
LDL, the major carriers of TAG and cholesterol, respec-
tively. What is also clear from these studies is that the
amount of dietary fat independent of the type of dietary fi-
ber significantly influences hepatic regulatory enzymes of
cholesterol homeostasis thereby affecting plasma lipid
and lipoprotein concentrations.

PE and PSY intake and plasma lipids and lipoproteins
PE and PSY intake resulted in reductions of plasma cho-

lesterol and TAG concentrations, two major risk factors as-

TABLE 8. Plasma lipids of guinea pigs fed high fat (19%) diets with 
35% of total energy derived from carbohydrates (CHO) and 80% of 

CHO energy derived from sucrose

Diets Cholesterol Triacylglycerol

mmol/L

Control 6.86 6 1.74a 1.30 6 0.24a

Pectin 5.21 6 1.12a 0.90 6 0.16b

Psyllium 2.65 6 0.80b 0.80 6 0.17b

Cellulose (control), pectin or psyllium were used as sources of di-
etary fiber. Data are presented as mean 6 SD for 12 guinea pigs. Values in
a column with different superscripts are significantly different, P , 0.05.

Fig. 3. ApoB secretion rates between guinea pigs fed high fat/
pectin, psyllium (soluble fiber) vs. high fat/cellulose (control).
Guinea pigs fed soluble fiber significantly reduced (P , 0.05) apoB
secretion rates compared to guinea pigs fed cellulose. Asterisk (*)
indicates significant differences among groups. 

TABLE 9. Triacylglycerol secretion rate of guinea pigs fed high fat 
(19%) diets with 35% of total energy derived from carbohydrates 

(CHO) and 80% of CHO energy derived from sucrose

Diets
ApoB

Secretion Rate
Triacylglycerol
Secretion Rate

mg/kg?h

Control 4.30 6 4.40 57.29 6 23.56
Pectin 1.53 6 0.73 60.30 6 33.01
Psyllium 2.80 6 1.28 68.86 6 24.81

Cellulose (control), pectin or psyllium were used as sources of di-
etary fiber. Data are presented as mean 6 SD for 6 guinea pigs per di-
etary treatment.

Fig. 4. Number of cholesteryl ester (CE), free cholesterol (FC),
phospholipids (PL), and triacylglycerol (TAG) molecules of na-
scent very low density lipoprotein (VLDL) from guinea pigs fed
high fat/cellulose (control), high fat/pectin (pectin), and high
fat/psyllium (psyllium). Pectin significantly increased the number
of TAG molecules compared to the control and psyllium groups (P ,
0.03). Psyllium reduced the number of CE molecules (P , 0.03)
and increased the number of PL molecules (P , 0.01) compared to
pectin and control groups. Asterisk (*) and closed circles (d) indi-
cate statistical differences among groups. 
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sociated with coronary heart disease. However, the effects
of these two soluble fibers were more pronounced with
high fat diets which suggests that the higher amount of su-
crose in the low fat diets had a negative influence on the
hypolipidemic action of PE and PSY.

Similar to the findings by Abbot et al. (34) where lower
plasma LDL cholesterol concentrations were observed in
subjects consuming low fat compared to high fat diets, in-
take of low fat resulted in lower plasma LDL cholesterol
concentrations in this study. Diets containing PE and PSY
improved plasma LDL concentrations even further in
agreement with clinical reports where intake of soluble fi-
ber with low fat diets resulted in a more desirable lipopro-
tein profile (35).

PE and PSY also had an effect on lipoprotein composi-
tion and number of molecules. The more pronounced ef-
fects of these fibers was observed in combination with
high fat diets. Compositional changes in LDL may have
important metabolic meaning as reduction in free and es-
terified cholesterol in LDL have been associated with
faster LDL turnover in plasma (36).

LCAT activity was not altered by fiber; however, intake
of high fat promoted the conversion of free cholesterol to
esterified cholesterol which may be related to the higher
plasma HDL cholesterol concentrations observed in guinea

pigs fed high fat diets. These results are in agreement with
observations by West, Sullivan, and Katan (37) where chil-
dren from countries consuming high fat diets have higher
plasma HDL cholesterol concentrations than those con-
suming low fat.

PE and PSY intake and hepatic cholesterol homeostasis
Hepatic cholesterol concentrations were altered by the

amount of fat and the type of fiber fed to guinea pigs. He-
patic cholesteryl ester was lower in guinea pigs fed PE and
PSY although the latter had a more pronounced effect. Al-
though we did not find any changes in VLDL cholesterol
concentrations, other studies suggest that a decrease in
hepatic cholesteryl ester reduces the formation of VLDL
particles (38). These alterations of hepatic cholesterol
pools have significant implications for the activity of regu-
latory enzymes of cholesterol metabolism and number of
hepatic apoB/E receptors as is discussed below.

Studies in guinea pigs have shown that hepatic apoB/E
receptor number is modified by the saturation of dietary
fatty acids and that these modifications are highly corre-
lated with plasma LDL catabolism in vivo (39). In these
studies, an up-regulation of LDL receptor by soluble fiber
was observed independent of the amount of dietary fat,
which suggests that a major mechanism by which dietary
fiber lowers plasma cholesterol is by augmenting the num-
ber of LDL receptors as a response to depletion of hepatic
cholesterol pool.

Another important modification induced by PE and
PSY in the liver was the reduction in hepatic TAG in
guinea pigs fed high fat diets. Studies by Ebihara and
Schneeman (40) in the rat demonstrated that the absorp-
tion of TAG from the small intestine was delayed due to
the feeding of soluble fiber. It is possible that similar de-
creases in fat absorption took place when PE and PSY were
given with high fat diets. This reduction in hepatic TAG
could be related to the lower plasma TAG concentrations
observed in guinea pigs fed PE and PSY as hepatic TAG
pools are related to VLDL secretion rates (37). Another
possibility may be associated with the delayed absorption
of sucrose components (fructose and glucose) in the in-
testinal lumen, as suggested in studies conducted by Vuo-
rinen-Markkola, Sinisalo, and Kovisto (41) where hyper-
lipidemic insulin-dependent diabetic patients were fed
guar gum, and a depletion in their fasting blood glucose
concentrations was observed. 

The amount of fat significantly affected the regulatory
enzymes of cholesterol homeostasis in liver. Increases in
ACAT activity have been previously reported with high fat
intake in guinea pigs (42). In addition, significant correla-
tions between hepatic free cholesterol and ACAT activity
have been observed, indicating a relationship between
substrate availability and ACAT activity (43). In the
present study, animals fed the high fat/PSY diet had
higher HMG-CoA reductase activity in agreement with
PSY enhancing cholesterol synthesis in hamsters (10).

Cholesterol 7a-hydroxylase (C7H) activity was higher in
guinea pigs fed high fat diets and only PSY up-regulated
this enzyme activity when given with the high fat diet.

TABLE 10. LDL apoB kinetic parameters of guinea pigs fed high fat 
(19%) diets with 35% of total energy derived from carbohydrates 

(CHO) and 80% of CHO energy derived from sucrose

LDL Kinetics

Diets ApoB Pool ApoB FCR ApoB Flux

mg/kg pools/h mg/kg-h

Control 30.00 6 7.8a 0.09 6 0.02 2.80 6 1.1
Pectin 20.40 6 4.9b 0.15 6 0.05 3.10 6 1.0
Psyllium 14.10 6 3.2b 0.15 6 0.08 2.00 6 0.8

Cellulose (control), pectin or psyllium were used as sources of di-
etary fiber. Data are presented as mean 6 SD for 6 guinea pigs. Values in
a column with different superscripts are significantly different, P , 0.05.

Fig. 5. Low density lipoprotein (LDL) fractional catabolic rate
(FCR) between guinea pigs fed high fat/pectin, psyllium (soluble
fiber) vs. high fat/cellulose (control). Guinea pigs fed soluble fiber
significantly increased their LDL FCR compared to guinea pigs fed
cellulose (P , 0.03). Asterisk (*) indicates significant differencees
among groups.

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


1464 Journal of Lipid Research Volume 39, 1998

These changes are in parallel with the increases in HMG-
CoA reductase activity induced by PSY, consistent with the
reduction in hepatic free cholesterol concentrations in
guinea pigs fed PSY diets. This lower hepatic cholesterol
may result from increased production of bile acids due to
higher activity of C7H. No alteration of these enzyme ac-
tivities by PE intake was observed. The discrepancies with
our published data (12) and the present findings may be
related to the differences in diets as the diets used for
these studies contain a high percent of sucrose, and also
to the interaction of specific nutrients with PE in the intes-
tinal lumen.

In addition, PE and PSY did not alter enzyme activities
in animals fed the low fat diets suggesting that the high
levels of sucrose (53% of total energy) in these diets
might have obscured the effects of these soluble fibers. In
the specific case of guinea pigs fed low fat diets, the addi-
tion of soluble fiber did not decrease the rates of esterifi-
cation of hepatic cholesterol as there already existed a
substantial decrease in ACAT activity induced by the
lower concentration of fat in the diets, similar to our pre-
vious report (42).

PE and PSY intake in secretion and catabolism of
apoB-containing lipoproteins

Even though, in these studies, TAG secretion rates were
not affected by PE and PSY intake, the rates of apoB secre-
tion were significantly reduced in the soluble fiber groups
compared to the control group. Such results indicated
that nascent VLDL composition was altered by PE and
PSY. Dissociation between VLDL TAG and VLDL apoB
production has been observed in subjects consuming high
CHO diets (44). These data indicate that the number of
particles secreted by the liver can be affected by dietary in-
terventions as VLDL has only one apoB molecule per par-
ticle (45). PE increased the number of TAG molecules in
nascent VLDL compared to the PSY and control groups.
These results suggest that guinea pigs fed PE secrete fewer
VLDL particles larger in size and containing more TAG.
These modifications in the VLDL particle size may have
an effect on the intravascular processing of lipoproteins.
It is speculated that larger TAG-enriched particles are a
better substrate for lipoprotein lipase which would ex-
plain the lower plasma LDL and TAG concentrations ob-
served during PE treatment (46). In addition, PSY intake
decreased the number of cholesteryl ester molecules, and
increased the number of phospholipids in nascent VLDL
compared to the PE and control groups. VLDL particles
containing a higher proportion of cholesteryl ester are
more easily converted to intermediate density lipoprotein
and then to LDL through the delipidation cascade (46).
Thus the VLDL derived from the PSY diet might not
readily be converted to LDL but rather removed from the
circulation through the apoB/E receptor that was up-reg-
ulated by PSY intake.

We did not observe an effect on LDL flux caused by fi-
ber intake which suggests that the major effects of PE and
PSY when given in combination with high sucrose are
more related to increases in LDL catabolism and possibly

removal of VLDL from plasma and interruption of the de-
lipidation cascade. The observed increases in LDL apoB
FCR induced by PE and PSY are in agreement with other
reports in the literature where dietary soluble fiber in the
rat (47) and PSY in the hamster (48) have been shown to
enhance LDL uptake. 

From these studies we can conclude that the interaction
of specific nutrients including sucrose, amount of fat, and
dietary soluble fiber significantly alter plasma lipid and
lipoprotein profile based on alterations occurring in the
liver and in the plasma compartment. It may be that the
amount of fat and simple CHO intake determined the pri-
mary mechanism of soluble fiber action in the small intes-
tine, affecting the pools of hepatic cholesterol and the activ-
ities of hepatic regulatory enzymes and LDL receptors. PE
and PSY intake resulted in improved plasma cholesterol
and TAG concentrations when given in combination with
high fat diets while the effects with low fat were less pro-
nounced and limited to decreases in plasma cholesterol.

It is clear from our results that the main secondary re-
sponse to the action of soluble fiber in the lumen is up-
regulation of hepatic apoB/E receptor associated with in-
creased plasma LDL turnover. However, PSY had a more
pronounced effect than PE in animals fed high fat due to
the specific effects of this soluble fiber on hepatic enzymes
of cholesterol synthesis and catabolism as a result of more
significant reductions of hepatic cholesterol concentra-
tions by PSY intake.

Manuscript received 15 October 1997, in revised form 26 January 1998, and
in re-revised form 24 March 1998.
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