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Background

It is well established that certain dietary fibers have cholesterol-lowering effects.
Although the exact mechanism of this effect continues to be debated, most attention has
focused on two physicochemical properties of dietary fiber as being responsible. These
are viscosity and susceptibility to fermentation. Anderson's group has proposed that fiber
fermentation is responsible for cholesterol lowering. Intestinal viscosity of oat fractions -
March 1997." This hypothesis is based on his findings that the short chain fatty acid
propionate, a product of fiber fermentation, inhibits hepatic HMGCoA reductase, the rate
limiting enzyme for cholesterol synthesis. However, a number of studies have failed to
provide support for this hypothesis®, and consequently, many in the field do not believe
that propionate production via fermentation is an important mechanism by which fiber

lowers cholesterol concentrations.

In recent years our research group has focused on the role of viscosity as the characteristic
of fiber responsible for cholesterol lowering. Using the non-fermentable fiber analog
hydroxypropyl methylcellulose (HPMC), we have demonstrated in cholesterol-fed
hamsters that increased viscosity of the intestinal contents is associated with reductions in
both plasma and liver cholesterol. Further, this relationship was found to be predictable,
as plasma cholesterol was inversely related to the log of intestinal contents viscosity.
More recently we have found that HPMC consumption decreases cholesterol absorption in
a viscosity-dependent manner. However, bile acid excretion is essentially unaffected.
Studies in cholesterol-fed rats have resulted in similar results. That is, guar gum, two
types of B-glucans, and-HPMC all increased intestinal contents viscosity, reduced liver
cholesterol concentrations, and reduced the efficiency of cholesterol absorption.

Thus, our conclusion from these studies is that increases in intestinal contents viscosity is
the characteristic responsible for cholesterol reduction in fibers by fibers such as guar gum,
B-glucans, and modified celluloses. Given this, it is reasonable to predict that
consumption of foods that result in increases in intestinal viscosity would have a
cholesterol lowering effect when consumed on a regular basis.

Objective

The objective of this project will be to determine the intestinal contents viscosity of rats
that have consumed a meal of one of three formulations of a B-glucan enriched product,
Oatrim. In addition, the relative cholesterol-lowering effect of these three fractions will be
assessed in cholesterol fed rats. The Oatrim formulations are to be provided by Quaker

Qats, Inc.

Experimental Design
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Intestinal Contents Supernatant Viscosity of Oatrim — Study 1

Male Sprague-Dawley rats, weighing between 250-275 g will be used in the study. After
receipt, rats will be adapted for 4 days to a semipurified diet (AIN-93G diet). Following
an overnight fast, rats (10 per group) will be given meals of one of 3 different oatrim

formulations, oatmeal, or cellulose.

The rats will be presented with a quantity to be determined by conversations with Quaker
Oats. To the meal we propose to add 0.5g sucrose to improve palatability.

Rats will be allowed 2-3 hours to consume the meals. Any amount not consumed will be
weighed so that we will know how much of the meal each rat consumed. At the end of
the 2-3 hour period, the rats will be killed by exposure to ethyl ether, opened by a midline
incision, and the small intestine removed. The intestinal contents will be carefully
collected by finger stripping of the intestine. The contents will then be centrifuge at
50,000 x g for 30 minutes at room temperature and the supernatants collected for

viscosity measurement.

Viscosity of the intestinal contents supernatants will be determined at 37° C using a
Brookfield cone/plate viscometer. This instrument measures absolute viscosity, so values
are directly comparable with values we have obtained in other experiments. Since
viscosity of B-glucans is non-Newtonian (i.e. the viscosity changes with shear rate), we
will measure viscosity at several shear rates for each sample and then extrapolate the
viscosity readings of each sample to a common shear rate (23 s™) that will be used for all

samples.

Cholesterol Lowering Effect of Oatrim Formulations — Study 2
Male Wistar rats, weighing between 50-75 g, will be housed individually in wire-bottom

cages. Upon arrival, rats (10 per group) will be fed one of five diets (modified AIN-93G),
containing 7.5 % dietary fiber from one of the following fiber sources:

e Cellulose

e Qatrim formulation 1

o QOatrim formulation 2

¢ QOatrim formulation 3

o Qatmeal

All diets will contain 0.25% cholesterol, a level we have demonstrated will elevate liver
cholesterol concentrations significantly, but will allow easy detection of cholesterol
lowering by hypocholesterolemic agents.

Rats will be fed the diets for 20 days. On day 18, cholesterol absorption will be
determined by the fecal isotope ratio method. Briefly, radiolabeled cholesterol and (-
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sitosterol (as a non-absorbable marker) are given by gavage (ie. intubation into the
stomach). Eight hours later, feces are collected for 24 hrs. By measurement of the ratio
of cholesterol to [-sitosterol in the fecal lipid extract compared to what was given by
gavage, cholesterol absorption can be accurately determined. The ratio is determined by

counting the radioactivity in a liquid scintillation counter.

Animals will be meal fed, then anesthetized 2-3 hours later with ethyl ether, blood
collected by cardiac puncture, and the liver removed and immediately frozen on dry ice.
Blood will be centrifiged and plasma collected and frozen until analyzed for total
cholesterol. Intestinal contents will also be collected and contents viscosity determined as

described above.

Liver lipids will be extracted by the method of Folch et al. Liver total cholesterol will be
determined by the cholesterol oxidase/peroxidase method, as per our standard procedure.

Statistics

Means and standard error of the mean will be calculated for each group. The data will
then be tested for normal distribution and equality of variance. If the data do not pass
these tests, the data will be analyzed using a nonparametric analysis of variance (AOV)
and the medians indicated. Otherwise, standard one-way AOV will be used. If statistically
significant differences are found by analysis of variance, then differences among specific
groups will be determined using a multiple range test such as Student-Newman-Kuels test
(or Dunn's test if a nonparametric AOV is used).
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Budget
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Diet Ingredients for Quaker Oatrim Feeding Trial
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(for 5 kg of diet)
Low Medium High Low | High Vise.
AIN-93G, | AIN93G | () im+ Oatrim+ | Oatrim+ | ViSCosity HPMC +
cholesterol | +0.25% o o o HPMC + o
free cholesterol 0.25% 0.25% 0.25% 0.25% 0.25%
cholesterol | tholesterol | cholesterol ’ cholesterol
cholesterol
Cornstarch 1735 g 1735 g 1288 g 13615¢ 1435 g 1735¢ 1735g
Casein 1000 g 1000 g 987.5¢ 978 ¢ 968 g 1000g 1000g
ooxtrinized | 576 g 576 g 576 g 576 g 576 g 576g 576g
Sucrose 436.5 g 436.5¢g 436.5 g 436.5 g 4365 g 436.5g 436.5¢
Corn oil 750 g 750 g 750 g 750 g 750 g 750g 750g
Cellulose 250 g 250 g 209.5 g 1455 ¢ 82¢g 50g 50g
Oatrim | - | e 500 g (low) | 500 g (med) | 500 ¢ (high) | ~====e el
wo-Lv. 2008 |
HPMC
AM HPMC | e eeeee e een e T 70g
ISM HPMC | --e e e et R 130g
Mineral Mix |175¢ 175 ¢ 175 g 175 g 175 g 175¢g 175g
Vitamin Mix |50 ¢ 50g 50 g 50 g 0g 50g 50g
L-Cystine 15g 15g 15¢g 15g 15¢ 15g 15g
gi‘:gift‘f" 125¢g 125g 1258 125¢ 125¢ 12.5¢ 12.5¢
BHT 0.070 g 0.070 g 0.070 g 0.070 g 0.070 g 0.070g 0.070g
Cholesterol | ------ 125 g 125¢g 125¢ 125g 12.5g 12.5¢g |
Total Weight | 5000 g 5000 g 5000 g 5000 g 5000 g 5000 g 5000 g
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% Carb. 54.95 54.95 54.95 54.95 54.95 54.95 54.95
% Protein 20.0 20.0 20.0 20.0 20.0 20.0 20.0
% Fat 15.0 15.0 15.0 15.0 15.0 15.0 15.0
% Fiber 5.0 5.0 4.59 4.11 3.64 5.0 5.0




Results of Meal F eeding
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Viscosity
(mPa-s)

Intestinal Contents Supernatant Viscosities
After Meal-Feeding of B-Glucan Concentrates
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Correlation Between Dietary B-Glucan Concentration
and Intestinal Contents Supernatant Viscosity

in Rats Meal-Fed Oattrim (BetaTrim) of Different Viscosities
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Results of Cholesterol
Lowering Feeding Trial
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Intestinal Contents Supernatant Viscosities
After Meal Feeding of Oatrim (OT) or
Hydroxypropylmethylcellulose (HPMC)

CE+CHOL=Cellulose+cholesterol
Low OT=Low Oatrim

Med OT=Medium Oatrim

High OT=High Oatrim

LV HPMC=Low viscosity HPMC
HV HPMC=High viscosity HPMC
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Total Liver Cholesterol in Rats Fed

Oatrim (OT)

or Hydroxypropyl Methylcellulose (HPMC)
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Plasma Cholesterol Concentration
in Rats Feed Oatrim (OT)
or Hydroxypropyl Methylcellulose (HPMC)
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Cholesterol Absorption in Rats Fed
Oatrim (OT) or
Hydroxypropyl Methylcellulose (HPMC)
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Daily Fecal Bile Acid Excretion
in Rats Fed Oatrim (OT) or
Hydroxypropylmethylcellulose (HPMC)
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Cecal Wall Weight in Rats Fed
Oatrim (OT) or
Hydroxypropyl Methylcellulose (HPMC)
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Correlation Between Total Liver Cholesterol
and the Logarythym of Intestinal Contents Viscosity
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Conclusions

Oatrim Meal Feeding Study

Rats were meal-fed a diet containing cellulose, Oatrim at 4, 12, or 20% concentration or
oatmeal. The intestinal contents supernatant viscosity progressively increased from the
low to high concentration of Oatrim. Oatmeal meal-feeding yielded a viscosity only
slightly higher than that of the low Oatrim group.

There was an extremely high correlation (r*=0.97) between the intestinal contents
supernatant viscosity and the % of B-glucan in the fiber source fed when considering the

cellulose and Oatrim groups.

The results indicate that intestinal contents supernatant viscosity is linearly related to the
quantity of B-glucans in the meal; the greater the concentration of B-glucans in the meal
consumed, the greater will be the supernatant viscosity.

Cholesterol Lowering Feeding Trial

The results completed to date indicate the following conclusions regarding the effect of

Oatrim on cholesterol lowering and parameters related to this, as follows:

» Oatrim increases intestinal contents supernatant viscosity in relation to its
concentration in the diet, similar to the results found in the meal feeding trial. Thus,
the enhancement of supernatant viscosity is not lost with continuous consumption.

e All dietary levels of Oatrim were effective in lowering total liver cholesterol. The
reduction did not follow a linear relationship with dietary concentration of Oatrim;
however, the highest dietary level of Oatrim produced the greatest cholesterol
lowering.

¢ Considering all dietary groups used in the study, there was a high and statistically
significant correlation between total liver cholesterol and the log of supernatant
viscosity.

e Plasma cholesterol concentrations were not altered by any dietary treatment, as
expected. At the level of dietary cholesterol used, plasma cholesterol in the rat is
highly resistant to change.

» Oatrim at any level did not alter cholesterol absorption. This is an unexpected result,
as previous studies with other viscous fibers had demonstrated an inverse relationship
between viscosity and cholesterol absorption.

o Oatrim increased fecal bile acid excretion. However, excretion was the same
regardless of the dietary concentration of Oatrim.

o Correlations between supernatant viscosity and the B-glucan concentration in the
supernatant for rats fed meals of whole oat fractions (determined in a previous study
for Quaker Oats) and for the Oatrim groups were determined. The slope of the
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regression line for the Oatrim group was much lower than that for the whole oat
fractions. This strongly suggests that the molecular weight of the B-glucans in the
Oatrim is substantially less than in whole oat fractions, suggestion degradation of §-
glucans in the production of Oatrim.

It is clear that Oatrim is effective in reducing cholesterol levels. The mechanism by
which it does so, however, is not yet entirely clear. Changes in cholesterol absorption
appear not to be involved. Although enhanced bile acid excretion may be a part of the
mechanism, the lack of a correlation between cholesterol lowering and bile acid excretion
suggests that other factors are involved.

The estimation of cholesterol synthesis (by measurement of HMGCoA reductase) and
bile acid synthesis (by measurement of cholesterol 7a-hydroxylase) may explain more
fully the observed cholesterol lowering effect of Oatrim.




Addendum Report: Intestinal Adaptation to Viscous Materials in the Diet

Background

Results of a number of studies using the viscous polymer hydroxypropyl methylcellulose
(HPMC) suggested that the intestinal contents supernatant viscosity measured after consumption
of a single meal containing HPMC was greater than after the animals had been fed the HPMC-
containing diet for a number of weeks. That is, with prolonged feeding of a viscous polymer, the
contents supernatant viscosity was lower than after a single meal containing the polymer. This
suggested an adaptation to the presence of a viscous polymer in the diet.

Recently, we were able to test this possibility directly, using a $-glucan-rich material
{(BetaTrim™) as the source of the viscous polymer. Two experiments were conducted in which
the same three BetaTrim™-containing diets were fed to rats. The diets contained either 4, 12, or
20% BetaTrim™. In one experiment, the rats were adapted to the cellulose-based AIN-93G diet
for 5-7 days. Rats were then unfed overnight, and given a 5 g meal the following morning. The
meal consisted of the AIN-93G diet diluted 1:10 with one of the three BetaTrim™ preparations
(containing 4, 12, and 20% beta-glucan); that is, in each case BetaTrim™ was 10% of the diet.
Rats were given two hours to eat the meal, then killed, small intestinal contents collected, and
viscosity of the supernatant determined by our standard method. In the second experiment, rats
were fed 10% BetaTrim™-containing diets (4, 12, and 20% BetaTrim™) for 28 days. They
were then unfed overnight, given a 5 g meal of their respective diet the following morning, killed
two hours later, and contents supernatant viscosity measured as just described.

The results, shown below, indicated that for each BetaTrim™ diet, rats that had been adapted to
the BetaTrim™ had a much-lower contents supernatant viscosity than rats who had only been
given a single BetaTrim™-containing meal. The difference was most dramatic for the 20% and

12% BetaTrim™-containing diets.

Contents Supernatant Viscosity
Feeding (mPa.s)
Regime 4% 12% 20%
BetaTrim™ | BetaTrim™ | BetaTrim™
Single Meal 17.4 367.9 1,426.8
I‘?‘S Day 112 62.0 321.9
eeding

The results suggest strongly that rats adapt to the presence of viscous polymers in the diet by
reducing the viscosity within the small intestine. I speculate that this occurs by delaying the rate
of stomach emptying; that is, after time, the same diet is emptied from the stomach into the
intestine at a much slower rate. This presents a caution to those studying the effects of viscosity
on various physiological effects, such as cholesterol lowering. One must consider whether the
animals were given only a single meal of the viscous polymer or adapted to the diet containing
the viscous polymer in order to allow a proper comparison with published studies.
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