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Xt is we certain dietary fibers e cholesterol-lowe~~g ef5ects. 
lmugh the exact meehanisrn of this efkct continue debated, cast a~enti~n has 
used on two ~hysi~ucbe~ca~ properties of diet 
viscosity and sus~eptib~ty to ~~e~tation. has proposed that fiber 

omible for cholesterol Iowering. Intestinal eosity of oat fkd3m - 
hwothesis is based on his findings t short chain fatty acid 

ct of fiber fermentation, oA reductase, the rate 
for choksterol synthesis. However, a number of studies have ftied to 
for this hypothesis2, and consequently, many in the field do not believe 

duction via tkrmentation is an ~p~~~t ~echa~s~ which fiber 
lowers cholesterol concentrations. 

In recent years our research group has focused on the role ufvis~os~~ as the ch~act~~stic 
er responsible for cholesterol lowering. Using the ~o~~fe~e~tab~e fiber analog 

ro~ro~yl ~ethy~ce~u~ose (WPMC), we have de~o~trated in ~ho~esteru~-fed 
ed viscosity of the intestinal contents is associated with reductions in 

er chofesterof. Further, this relationship was found to be paedictabfe, 
as plasma cholesterol was inversely related to the log of intestiml contents vismsity. 
More recently we have found that HPMC co~~pti~~ decreases cholesterol abso~t~o~ in 
a ~~os~ty-dependent manner. However3 bile acid excretion is essentially ~~cted. 
bodies in cholesterol-fed rats have resulted in sm remIts. That is, gear gum, two 

, a.m#+HPMC ah increased intestinal contents viscosity, reduce 
cholesterol conce~t~at~o~, and reduced the efficiency of cholesterol abso~~~o~. 

us, our con~l~s~ou Tom these studies is that increase estimd contents viscosity is 
characteristic responsible for cholesterol reduction in rs by fibers such as guar gum, 
lucans, and modified celluloses. Given this, it is reasonable to predict that 

~o~u~ption of foods that result in increases l  intestinal viscosity would have a 
cholesterol lowering efkct when consumed on a re basis. 

Objective 

be to determine the ~test~al ents ~s~os~ty of rats 
one of three fo~u~at~o~ of a j3 an etched product, 

Uatr~~ In additi~~, the relative chulesterolalowe~~ effkct of these three cautions 
assessed in cholesteml fed rats. The 0atri.m formulation are to be provided by Quaker 
Oats, Inc. 

2 



. Gallaher 

~~~e~~~~a~ Contents V~-@Y of ~~~~~~ - srurly 1 
ale Sprague-Hawley rats, weighing between 250-275 g will 

rats wi.U be adapted for 4 days to a semipurified diet -936 diet). ~u~~~g 
ove~ght fast, rats (10 per group) will be given meals of 3 d~rent oatrim t 

fo~u~atio~, oatmeal, or cellulose. 

e presented with a qu~t~ty to be determked by conversations with Quaker 
Oak To the meal wee propose to add 0.5g sucrose to improve palatab~ty. 

wed 2-3 hours to consume the meals. Any blurt not bodied e 
w how much of the meal each rat consumed. At the end of 

be killed by exposure to ethyl ether, opened by a midline 
small intestine removed. The intestinal contents will be 

r stripping of the intestine. The contents will then be cent 
at room temperature and the supernatants molested fur 

v~s~usit y meas~ement . 

intest contents supe~t~ts will be etermined at 37” C using a 
one/plate viscometer. This ~st~ent measures absohxtte v&xx&y, so values 
comparable with values we have obtained in other experiments. Since 

osity of p-glucans is non-~e~o~~ (i.e. the viscosity changes with shear rate), we 
measure ~s~s~~ at sevenG shear rates far each sample and then ~~a~~~ate the 

~s~~s~~ readings of each sample to a ~u~~~ shear rate (23 5’) that be used fur a@ 
samples. 

Effect of Oatrim ~~r~~~a~~~~~ - S&w@ 2 
s, weighkg between 50-75 g, will be ho 

Upon arrival, rats (10 per group) will be fed one 
~unta~g 3.5 % dietary fiber Tom one of the following fiber sources: 

8 atrim fo~ulat~on X 
* atrim formulation 2 
* Oatrirn formulation 3 
* Oatmeal 

diets contam 0.25% cholesterol, a level we have demonstrated will elevate liver 
~~o~est~ro~ concentrations sig~ca~t~y~ but WiIl allow easy detection of cholesterol 
~ower~g by h~ucholestero~e~c agents. 

the diets for 20 days. On day X8, cholesterol abso~t~o~ will 
fecal isotope ratio method. Briefly, rad~o~abe~ed cholesterol and p- 
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s~tostero~ (as a non-absorbable marker) are given by gavage (i-e. ~tubatio~ Into the 
stomach). Eight hours later, feces are eolleoted fur 24 hrs. y me~~ement of the ratio 
of cholesterol to ~-sitostero~ in the fecal lipid extract compar to what was givefl ‘OY 
gavage, cholesterol absorption can be accurately determined. ratk-l is dete~ed bY 
cQunt~g the radioactivity in a liquid s~~t~ation counter. 

meal fed, then ~esthet~ed 2-3 hours fater with ethyl ether, blood 
iac: puncture, and the liver removed and mediately &ozen on dry ice. 

e centrifuged and plasma collected and frozen until ana~~ed for total 
ntestinal contents will also be collected and portents viscosity dete~ed as 

described above. 

be extracted by the method of Folch et al, 
e ~hole~ero~ o~d~e/pero~d~e method, as per our standard cedure. 

Statistics 

ears and standard error of the mean will calculated for each group. The 
e tested for normal dist~bution and equality of variance. If the data do not pass 

these tests, the data will be analyzed using a no~p~~etriG analysis of variance (A~V~ 
medians indicated. Otherwis ard one-way AOV will bo used. If statisticaEy 

ant difExenc=es are found by s of variance, then differences among speci6c 
ups will be determined using a rn~t~ple range test such as ~tudent~~e~-~ue~s test 

(or Dunn’s test if a nonp~~et~c AOV is used). 



w
 

- 



0 0 CA
 



d 

--i 



t 



Its of 
Study . 



z;
 

0 



x . 



Results of Cholesterol 
werin g Trial . 



lose control 
L=Ce~~l~s~choXestero1 

Low OT=Low 0atri.m 
&fed ~~~Medi~ Qatrim 

Diet Groups 



u 13
1”

 
CD

 

0 1 u c2
M

 
ii3

 
- X u 7J
 

0 G
 

r 13
11

 
C

 





Ch
ol

es
te

ro
f 

Ab
s 

z u Q
 

1 0 x u 73
 

1 0 7s
 

u 



Daily Fecal Bile Acid Excretion 
in Rats Fed Oatrim (OT) or 

c CE+ Luw Med High LV H-V 
Choi OT OT 02 HPMC HPMC 

Diet Groups 



x u 75
 

“F
 

0 7s
 

“E
 

y 43
 

SD
 

s 

0 0 cj
 

0 li 



t 





Concfusions 

Rats were meal-fed a diet c~nta~g celfufose, Qatr at 4, 12, or 20% G~n~entrat~~~ or 
oatmeal. The intestinal eontents su~~~at~t v~s~Qs~ty pr42gressi y increased from the 
low to high ~~n~ntrat~~n of Oat&n. Oatmeal meal-feeding yie d a viscosity only 
sIightIy higher t that of the low Qatrim group. 

There was an extremely high eorrelati43n (?=0.97) between the ~t~st~a~ contents 
ernata~t viscosi@ and the % of P-glucan in the fiber SQWW fed when ~~ns~d~r~g the 

loose and Oatrim groups. 

The results indicate that ~test~l contents su~rnat~t viscosity is linearfy related to the 
entity af p-gfucans in the meal; the greater the ~~n~~n~ati~n of p-glucans in the meal 
cQ~urn~d, the greater wiff be the supernatant viscosity. 

The results completed to date indicate the f~l~~w~g c~nc~usi~~ r~g~d~g the effect of 
Oatrim an cholesterol lowering and parameters related to this, as follows: 

u Uatrim increases ~t~~~a~ ~~~~tents su~~~at~t viscosity in relation to its 
~Qn~~n~at~un in the diet, similar to the results found in the raeal feeding trial. Thus, 
the ~~ancern~nt af supernatant viscosity is not lost with ~onti~~.~s ~~~~~t~~~* 
All dietary levels of Uatrim were effective in kwering total Ever cholesterul. The 
reduction did not fofluw a linear reIationsh@ with dietary ~~n~~ntrat~~n of Uatrim; 

wever, the highest dietary level of Oatrim produced the greatest cholesterol 

1 dietary grc~ps used in the study, there was a high and stat~st~ea~~y 
iation between total liver chulesterol and the log of supernatant 

viscosity. 
Bfasma cholesterof concentrations were not aftered y any d&ay treatmgRt~ as 
expected. At the level of dietary cholesterol used, plasma cholesterol in the rat is 
ugly resistant to change. 
bats at any level did not alter chcrlesterol absorption. is an unexpected result, 
as previous studies with other viscous fibers had d~rn~n~~~d an Inverse re~ati~ns~~ 
between viscosity ittJd cholesterof absorption. 
Qatrim increased fecal bile acid excretion. However, excretion was the same 
r~g~dless ofthe dietary concentration of Oatrim. 
Correlations between sup~rnat~t viscosity and the P-gluean ~~n~entrati~n in the 
su~~~atant for rats fed meafs of whufe oat fractions (determined in a previous study 
for Quaker Oats) and for the Oat&n groups were determined. The slope of the 



regrcssi~~ line for the Oatrim group was much lower thar~ that for the whole oat 
fracticms. This strongly suggests that the mcFlecufar weight of the ~~gl~ea~ in the 
Oatrim is s~bst~tia~ly less than in whole aat C-actions, suggestion degradation of 
glucans in the production oft)atrim- 

ar that Uatrirn is effective in reducing cholesterol levels. The mecha~sm by 
oes so, however, is not yet entirely c . Changes in cholesterof abs~~t~on 

nut to be involved, Anthony enhance acid excretion may be a part of the 
RI, the lack af a correfation between c lesterol lowering md bile acid excretiun 
hat other factors are involved. 

The est 11 of chrcIesterol synthesis (by meas~eme~t ~f~~~~A reductase) 
bile acid synthesis (by measurement Qfch~lester~~ 7aahy~~xy~~e) may explain more 
f!Sly the abserved cholesterol lowering elect sf0atri.m. 



Addendum Report: XntestinsrI Adaptation to Viscous Materials in the Dit?t 

of a nullber uf stndies using the viscous polymer hydrux~ru~y~ me 
) suggested that the intestinal contents sn~~~a~t viscusity rne~~ 

of a single meal cuntai~g HPMC was greater than after the animals had been fed the HPMC- 
tuning diet fur a number of weeks. That is, with ~rulunged feeding of a viscuus polymer, the 
~untents supematant viscosity was tower than atier a single meal ~unt~ning the polymer. 
snggest~d an adaptation to the presence uf a viscous pufymer in the diet. 

Recent&, we were abfe tu test this puss~b~~i~ directly, using a ~-g~~~~w~~h materia! 
(~eta~~rn~~ as the sunrce of the visl=u,us polymer. Twu exp~~ments were conducted in which 
the same three BetaTrimTM -containing diets were fed ta rats, The diets contained either 4, 12, or 

~e~T~m*M. fn une experiment, the rats were adapted to the celjlufuse- 9X3 diet 
-7 days. Rats were then unfed overnight, and given a 5 g meaf the fuflo ng. The 
can&ted of the ABW?G diet diluted 1: 10 with one uf three ~~taTr~rn~~ preparations 

~~un~~g 4,12, and 20% beta-gluean); that i im*M was 10% afthe diet. 
Rats were given t~u huus to eat the meal, th al contents cuflected, and 
~s~us~~ ofthe supematant determined by OUT 
were fed 10% ~etaT~mTM-cu~~n~ng diets (4, 
were then unfed overnight, given a 5 g meal uf their respective diet the following mu~ng, kilkd 
twu CLUES later, and contents snpe~at~t viscosity measured as just described. 

results, shown below, indicated that fur each BetaTrimTM diet, rats that had 
TrimTMhad a mzlckluwer contents s~~rna~t viscosity than rats whu had only been 

given a single BetaTrim”M ~~unta~ning meal. The diEerence was must dramatic fur the 20% and 
12% ~e~T~~“~~un~i~ng diets. 

Contents Supamatant Viscosity 
Feeding 
Regime 

e resents suggest strongly that rats adapt to the presence of viscous ~ulymers in the diet by 
reducing the viscosity within the small intestine. I speculate that this occurs by de~ay~g the rate 
of stumach emptying; that is, after time, the same diet is emptied frum the stomach intu the 
intestine at a much slower rate. This presents a caution to thuse studying the effects of viscosity 
un value phys~u~ugi~al effects, such as cholesterol lowering. One must consider whether the 
animals were given unfy a single meal of the viscous polymer ur adapted to the diet ~untai~ng 
the viscu~ palymer in order tu allow a proper comparison with published studies. 
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