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Summary. Germfree and conventional rats were given a semi-synthetic diet containing
either normal cornstarch or an amylomaize starch. The experimental groups thus formed
were compared to assess the effects of these two types of starch and to determine if

digestive tract microflora was involved in these effects.
The presence of amylomaize starch decreased body growth in germfree and

conventional rats, increasing food intake in the former and decreasing it in the latter. In
conventionals, amylomaize starch decreased the apparent digestibility of the ration only
slightly, while in germfrees it diminished apparent digestibility considerably. The cecal
weight of germfree animals was not modified by amylomaize starch but that of
conventional rats was increased fourfold.

In both types of rat, amylomaize starch largely decreased the plasma concentration of
cholesterol, largely increased the total amount of bile acids in the small intestine but
slightly modified the fecal elimination of cholesterol and bile acids. It augmented the
cholesterol concentration in the liver of germfrees and decreased it in conventionals while,
on the contrary, it diminished the total amount of bile acids in the hind gut in the former
and augmented it in the latter. This starch did not change bile acid deconjugation in
conventional rats but considerably decreased other bacterial transformations of cholesterol
and bile acids.

Digestive tract microflora was undoubtedly involved in the action of amylomaize
starch on cecal weight, ration digestibility, food intake, hepatic cholesterol concentration,
the amount of bile acid in the hind gut and obviously in the transformation of cholesterol
and bile acids. It did not play a role in the other effects of this starch : the strong
decrease in the concentration of plasma cholesterol was the direct effect of amylomaize
starch on rat metabolism.

Introduction.

Many studies have been done on the effects of dietary components on cho-
lesterol and bile acid metabolisms. Dietary fiber and lipid have been especially well
investigated. Little work has been carried out on the effects of various starches

or on the role of digestive microflora in the action of starches on these meta-
bolisms. Kellogg (1971) reported the disappearance of some bacterial metabolites
of bile acids in conventional rats fed a potato starch diet. Carroll et al. (1978)
described the decrease of cholesterolemia and the increase of cholesterol trans-
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formation into bile acids in rats fed such a diet and the hypocholesterolemic
effect this diet had in rabbits. Recently, we showed that the way in which the
cornstarch diet was sterilized and the form in which it was given modified bile
acid metabolism in rats (Sacquet et al., 1979 ; Riottot et al., 1980).

The present work compares the effects of two types of cornstarch on cho-
lesterol and bile acid metabolisms in germfree and conventional rats. One of the
starches was normal cornstarch, rich in amylopectin and poor in amylose ; the
other was an amylomaize starch particularly rich in amylose. The aim of this
study was to assess the effect of these two types of starch and to determine if

the microflora was involved in these effects.

Material and methods.

Animals and diets. - We used germfree (GF) and conventional (CV) inbred
Fisher male rats from our colony. The GF rats were maintained in plastic isola-
tors according to the technique of Trexler (1959). The CV rats were kept in our
animal room.

The composition of the experimental diet was the following : starch 60 g,
casein 20 g, cornoil 9 g, cellulose 5 g, mineral salts 4.5 g, vitamins S. A. The
diet did not contain any cholesterol. The amylomaize starch, containing between
65 and 75 % of amylose, was registered under the name of « Eurylon »
(Roquette Fr6res, Lestrem, F62136). The diets were called N (normal starch)
and E (Eurylon), and the rats were divided into experimental groups GFN, CVN,
GFE, CVE. The diet, sterilized by gamma irradiation at 40 KGray in vacuum-
sealed polyethylene bags, was admixed with an equal weight of water to make a
paste before it was given to the rats.

Cho%sterol isotopic equilibrium. &horbar; This technique (Chevallier and Lutton,
1966) was used for technical reasons. When cholesterol isotopic equilibrium is

obtained, the liver, blood cholesterol and different chemical species of bile acid have
equal specific activity, making it easy to determine bile acid intestinal pools and
fecal excretion. In this experiment, cholesterol isotopic equilibrium was obtained
by feeding the animals from 2 months of age with the experimental diet contai-
ning 45 000 dpm/g of (4-14C)-cholesterol (CEA, Saclay ; specific activity :
40 mCi/!mo!e). After 8 weeks the feces were collected for 2 weeks. The rats
were then anesthetized and killed by puncture of the abdominal aorta ; the

blood, liver and intestines were collected and the cecum was weighed immedia-
tely. Hepatic cholesterol, intestinal pools and fecal excretion of bile acids were
determined as described previously (Sacquet et al., 1975, 1977), i.e, briefly, the
organs and feces were ground and extracted by boiling ethanol in a Kumagawa
apparatus. The acid and neutral sterols were separated according to Grundy et
a/. (1965). To determine the specific activity of liver cholesterol, the mass was
measured using Liebermann’s technique and radioactivity was determined by
liquid scintillation. The different chemical species of bile acid were separated by
TLC of the methyl esters on silicagel G with chloroform-acetone-methanol
(70/25/5) as the mobile phase.



To determine plasma cholesterol, one ml of plasma was saponified and then
extracted by petroleum ether. Radioactivity was counted in the scintillator and
the mass was obtained by dividing counted radioactivity by the specific activity
of liver cholesterol.

The mass of fecal cholesterol was determined by dividing unsaponifiable
radioactivity by specific fecal cholesterol activity. To obtain this mass, the cho-
lesterol was first separated by thin-layer chromatography. We had to carry out
two chromatographies on extracts obtained from conventional rats. The first, on
alumina gel containing 1/3 of its weight in silver nitrate with a mobile phase of
chloroform-petroleum ether-acetone (60/30/6), separated the 5a and 50-sterols.
After chloroform elution of the cholesterol band, the eluate was chromatogra-
phed a second time on silica gel with an ethyl ether-heptane mixture (55/45), fol-
lowed by chloroform elution. Only the second chromatography was used for GF
rats. Cholesterol was then assayed by gas-liquid chromatography on a pyrex
column 2 m long and containing 3 % OV 17 and 3 % QF 1 absorbed in equal
parts on chromosorb WHMDS 80/100 mesh (Applied Science Lab, Inc.) at

235 °C.

Statistical methods. &horbar; The results of each studied characteristic were

expressed by the mean value and the SDM (SD of the mean). The four experi-
mental groups were compared by two-factor analysis of variance (Snedecor and
Cochran, 1957) and the interactions of the two factors (microflora and starch)
were determined.

Results.

General characteristics of the rats. - The general characteristics of the rats
are shown in table 1. At the end of the experiment, the body weight of GFN,
GFE and CVN rats was similar, while that of CVE rats was lower. However, over
the 2 months the animals were given the experimental diets, weight gain was
less in those receiving diet E than in those given diet N and in GF than in CV
rats. The dry matter digestibility ratio was much lower in GFE rats than in the
other three groups. This low value was mostly due to the fact that GFE rats
digested less amylomaize starch. Microscopic examination of these feces
showed many undigested starch grains, while these grains were completely
absent in CVE rats. GFE animals ingested more of the diets than GFN rats and,
on the contrary, CVE rats ingested less than CVN rats.

The cecal weight of GF animals was not significantly altered by the presence
of amylomaize starch, although its water content decreased. On the contrary,
the cecal weight of CVE rats augmented considerably.

Hepatic and plasma cholesterol (table 2). - The concentration of plasma
cholesterol decreased in the same way in GF and CV rats under the effect of
diet E. The concentration or total content of cholesterol in the liver per 100 g of

body weight varied in an opposite way in germfrees and conventionals : it was







higher in GFE than in GFN rats and, on the contrary, was lower in CVE than in
CVN rats.

Fecal elimination of cholesterol (table 2). - Fecal elimination of cholesterol
was higher in GF than in CV animals and in those receiving amylomaize starch
than in the ones fed normal starch. The transformation of cholesterol into

coprostanol was much lower in CVE than in CVN rats. The part of coprostanol,
expressed as a percentage of cholesterol + coprostanol, was 61.3 ± 1.9 % in
CVN rats and 15.1 + 1.7 % in CVE rats.

lntestinal pools and fecal excretion of bile acids. Total cholesterol and bile
acid elimination (tables 3, 4). - The amounts of bile acids in the small intestine
and those in the cecum + large intestine were higher in GFN than in CVN rats
while, on the contrary, fecal excretion was slightly less in GFN than in CVN rats.
Under the effect of amylomaize starch, the amounts of small intestine bile acids,
as well as fecal excretion of bile acids, increased in the GFE and CVE groups.
Variations were the opposite in the hind gut of germfrees and conventionals
where total amounts of bile acids decreased in GFE compared to GFN and
increased in CVE compared to CVN. Total elimination of cholesterol and bile
acids increased slightly under the effect of amylomaize starch in both types of
rat. In the absence of dietary cholesterol, this elimination is approximately equal
to total cholesterol biosynthesis. Expressed in emotes per 100 g of body weight,
it was: GFN = 11.9 ± 0.8, GFE = 13.5 ± 0.3, CVN = 13.2 ± 0.3,
CVE = 16.4 ± 1.3 and the analysis of variance was : microflora : p < 0.025 ;
starch : p < 0.010 ; interaction : NS.

Composition of fecal bile acids. &horbar; Under the effect of amylomaize starch,
the percentage of cholic acid in GF rats tended to decline, mainly in favor of j8-
muricholic acid. In CV rats, bacterial transformation of bile acids was much
lower in those fed amylomaize starch. The percentage of primary bile acids (par-
ticularly cholic and (3-muricholic acids) was higher in CVE than in CVN rats and



the opposite was true of bacterial metabolites (particularly deoxycholic, hyo-
deoxycholic and m-muricholic acids).

Discussion.

The effects of amylomaize starch on the general characteristics of GF and
CV rats raise many questions. The values of dry matter digestibility and micros-
copic examination of the feces show that this starch was only partially digested
by rat enzymes but that the microflora of the cecum and large intestine made a
very efficient contribution to its digestion. This good digestibility in our CV rats
was unexpected because Sandstedt et al. (1962) observed very low digestibility
(39 %) of an amylose-rich starch in conventional rats. It is generally known that
rats ingesting starches of low digestibility have a lower growth rate (Fujita et al.,
1982). This would explain the lower growth of GFE rats compared to GFN rats
but obviously would not explain the growth of CVE animals compared to CVN
ones since these rats digested their diet well. The relative diminution in CVE rat
growth was probably due to lower food intake. This contrasts with the higher
food intake in GFE rats which seemed to try to compensate for their inability to
digest the amylomaize starch well.

The increased cecal weight of rats ingesting carbohydrates of low digestibi-
lity, such as potato starch, has been reported by various authors (Rayssiguier
and Remésy, 1977 ; Demigné et al., 1980). The mechanism of this action is pro-
bably due to the disappearance or non-availability of bacteria reducing the cecum
which then becomes voluminous as in germfree rats. Not all the intestinal bacte-
ria have the ability to reduce the large cecum of GF rats (Loesche, 1969 ; Sac-
quet et al., 1973). Bacteria capable of using amylomaize starch advantageously
proliferate in the cecum. The result is that bacterial equilibrium is disturbed, cau-
sing the elimination or decrease of a number of other bacteria by mechanisms
which are still unknown. It is also possible that bacterial metabolites of amylo-
maize starch, such as volatile fatty acids, lower the pH so that many bacterial
enzymes become inactive. Changes in the microflora also cause the decrease or
disappearance of cholesterol reduction to coprostanol, of (3-muricholic transfor-
mation into m-muricholic and hyodeoxycholic acids and of cholic acid into deoxy-
cholic acid. On the other hand, other bacterial enzyme activities, such as the
deconjugation of bile acids, are retained. This conservation could be explained
by the fact that numerous bacteria have these hydrolases and that some of the
hydrolases have optimal activity at acid pH (Aries and Hill, 1970 ; Lewis and Gor-
b5ch, 19721. Many changes in bacterial enzyme activities under the effect of die-
tary carbohydrates have already been reported. For instance, Drasar and Hill

(1974) underlined the relationship between intestinal pH and some bacterial

transformations, and Kellogg (1971) emphasized the disappearance of coprosta-
nol under the effect of lactose or the disappearance of some bacterial metaboli-
tes of bile acids under the effect of potato starch.

To this list, we could probably add variations in hepatic cholesterol, the con-
centration and total amount of which decrease in CVE rats compared to CVN



rats, while the reverse trend is noted in GFE rats compared to the GFN group.
The same is true of the amount of bile acids in the hind gut ; this amount varies
in an opposite way in germfrees and conventionals. The diminution found in GFE
animals could be a result of accelerated transit due to the mechanical effect of
the undigested starch grains, an effect not found in CVE animals mainly because
the expansion of the cecum slows down transit and also because bacteria digest
the starch grains.

All the other characteristics of cholesterol and bile acid metabolisms vary
under the effect of amylomaize starch in the same way in GF and CV rats. These
variations are probably a result of the direct effect of this starch on the orga-
nism. The elevation of the total amount of bile acids in the small intestine and

the decreased concentration of plasma cholesterol are the two most important
variations of this type. The decrease in plasma cholesterol agrees with the obser-
vations of Carroll et al. (1978) on potato starch. It is not related to starch indi-

gestibility because amylomaize starch, poorly utilized in GFE animals, was well
utilized in the CVE group. This again agrees with Carroll et al. who noticed the
hypocholesterolemic effect of potato starch which was poorly digested in rats

and well digested in rabbits. On the contrary, we did not find the marked aug-
mentation in the transformation of cholesterol into bile acids reported by Carroll
et al. when measuring !4COZ excretion in rats receiving (26-!4C1-cholesterol. Fecal
elimination of cholesterol and bile acids was only slightly increased in CVE and
GFE rats ; thus, amylomaize starch did not decrease plasma cholesterol concen-
tration by increasing their fecal excretion, as advanced for some dietary fibers
(Eastwood and Hamilton, 1968 ; Kritchevsky and Story, 1974 ; Oakenfull and

Fenwick, 1978 ; Vahouny et al., 1978). Other hypotheses have to be put forward
to explain the direct effect of this starch on the bile acid content of the small
intestine and the concentration of plasma cholesterol. For instance, these effects
might be related to the incomplete or slow digestion of amylose-rich starch in

the small intestine.
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Résumé. Effet d’un amidon de maïs riche en amylose sur le métabolisme du cholestérol
et des acides biliaires chez le rat axénique et holoxénique.

Des rats axéniques et holoxéniques reçoivent un aliment semi-synthétique contenant
soit un amidon de maïs normal, soit un amidon de maïs riche en amylose (amylomais). Les
quatre groupes de rats ainsi formés sont comparés pour apprécier les effets de ces deux
types d’amidon et déterminer si la flore microbienne du tractus digestif est impliquée dans
ces effets.

La présence d’amidon riche en amylose dans l’aliment diminue la croissance pondérale
des rats axéniques et holoxéniques, augmente la consommation d’aliment chez les pre-
miers et la diminue chez les seconds. Elle diminue peu la digestibilité apparente de la
ration chez les rats holoxéniques et au contraire, la diminue fortement chez les rats axéni-

ques. Elle ne modifie pas le poids du caecum chez les axéniques et augmente plus de qua-
tre fois celui des holoxéniques.



Chez les deux types de rats, l’amidon riche en amylose diminue fortement la concen-
tration du cholestérol dans le plasma et accroît considérablement la quantité totale d’acide
biliaire de l’intestin grêle mais modifie peu l’élimination fécale de cholestérol et d’acide
biliaire. Elle augmente la concentration du foie en cholestérol chez les axéniques et la dimi-
nue chez les holoxéniques, et au contraire diminue la quantité totale d’acide biliaire dans
l’intestin terminal chez les premiers et l’augmente chez les seconds. Elle ne modifie pas la
déconjugaison des acides biliaires chez les rats holoxéniques mais diminue de manière
importante les autres transformations bactériennes du cholestérol et des acides biliaires.

La flore microbienne du tractus digestif est certainement impliquée dans les effets
exercés par cet amidon sur le poids du caecum, la digestibilité de la ration, la consomma-
tion alimentaire, la concentration du cholestérol dans le foie, la quantité d’acide biliaire
dans l’intestin terminal, et évidemment les transformations du cholestérol et des acides
biliaires. Elle n’intervient pas dans les autres effets exercés par cet amidon : en particulier,
la forte diminution de la concentration du cholestérol dans le plasma.
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