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ABSTRACT

Administration of Lactobacillus reuteri CRL 1098 (104

cells/d) to mice for 7 d before inducing hypercholesterol-
emia (by feeding mice with a fat-enriched diet for the
subsequent 7 d) was evaluated. At this low dose, L. reu-
teri was effective in preventing hypercholesterolemia in
mice, producing a 17% increase in the ratio of high-
density lipoprotein to low-density lipoprotein. Total cho-
lesterol and triglycerides decreased by 22 and 33%, re-
spectively, in the group that was not fed the lactobacilli.
The hypocholesterolemic effect produced by L. reuteri
CRL 1098 might be considered as indirect evidence of
the permanency of the lactobacilli in the gut.
(Key words: Lactobacillus reuteri, hypocholesterole-
mia, probiotic)

Abbreviation key: FD = fat-enriched diet, HDL = high-
density lipoprotein, LDL = low-density lipoprotein.

INTRODUCTION

During the last few decades, numerous epidemiologi-
cal, laboratory, and clinical studies have demonstrated
a connection between high serum cholesterol and in-
creased risk for atherosclerosis and coronary heart dis-
ease, the latter being a major cause of death in Western
countries (1). Potential hypocholesterolemic pharmaceu-
ticals and food products are continuously being devel-
oped to control hypercholesterolemia in humans (9, 16).

With the emergence of a more health-conscious soci-
ety, the role of probiotic food products has gained atten-
tion from consumers and producers (13). In this respect,
the ingestion of probiotic lactic acid bacteria might be a
more natural way to decrease serum cholesterol in hu-
mans (2). In a previous work (19) the hypocholestero-
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lemic effect of Lactobacillus reuteri CRL 1098 in hyper-
cholesterolemic mice was obtained at a very low dose
(104 cells/d). This dose is the lowest reported found to
be effective in decreasing serum lipids without producing
side effects, e.g., bacterial translocation (3). Rodas et al.
(15) observed a hypocholesterolemic effect in pigs fed
large doses of L. acidophilus (about 1012 cells/d) that
were many times higher than the doses (104 cells/d) used
in our previous study. Grunewald (8) found similar ef-
fects in rats that were fed large amounts of fermented
dairy products, while Gilliland and Walker (7) reported
no probiotic effect in a study with human subjects. These
controversial results may be partially explained by the
fact of use of unsuitable probiotic bacteria, which possi-
bly justified the use of high doses (106 to 108 viable cells)
to ensure the probiotic effect in the host (10).

In the present study, mice were fed L. reuteri CRL
1098 before administration the enriched-fat diet to eval-
uate whether the probiotic at very low doses (104 cells/d)
helps to prevent hypercholesterolemia. Total cholesterol,
triglycerides, and the ratio of high-density lipoproteins
(HDL) to low-density lipoproteins (LDL) were
evaluated.

MATERIALS AND METHODS

Microorganism and Culture Conditions

The strain L. reuteri CRL 1098 used in this study
was obtained from the culture collection of Centro de
Referencia para Lactobacilos (CERELA, San Miguel de
Tucumán, Argentina). The microorganism was cultured
in MRS broth (4) at 37°C for 16 h; the cells were har-
vested by centrifugation (6000 × g for 10 min) and
washed three times with a sterile saline solution. The
cells were then resuspended in sterile 10% NDM.

Mice and Feeding Procedure for
Evaluating L. reuteri Effects

Swiss Albino mice weighing 25 g were obtained from
the random-bred closed colony at CERELA. The mice
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Table 1. Diets fed to the different groups.

Group Diet

Control Chow1 and water (2 wk)
FDr1 with
Lactobacillus reuteri Chow and Lactobacillus reuteri (1 wk)

Chow and milk cream-enriched NDM
(1 wk)

FD without
Lactobacillus reuteri Chow and water (1 wk)

Chow and milk cream-enriched NDM
(1 wk)

1Chow = 32% protein, 5% fat, 2% fiber, and 60% nitrogen-free
extract.

2FD = Fat-enriched diet.

were split into three experimental groups, each one con-
sisting in 10 mice housed individually and maintained
on a cycle of 12 h of light and 12 h of dark. All groups
received a solid conventional diet (rodent chow: 32% pro-
tein, 5% fat, 2% fiber, and 60% nitrogen-free extract).
One group (FDr) was fed for 7 d with L. reuteri at a
concentration of 104 cells/d per mouse. The viable cells
of L. reuteri were suspended in NDM as before, and
administered at 20% (vol/vol) in the drinking water. The
other group (FD) received 20% (vol/vol) NDM in the
drinking water (without L. reuteri) during the same time.
At the final period of treatment, the hypercholestero-
lemia was induced in both groups FD with a fat-enriched
diet as described previously (19), which was adminis-
tered for the subsequent 7 d. The third group (control)
received only the solid conventional diet and water for
15 d. The total fat content of the diet was 17.6% for FD
groups and 6.7% for the Control group. The composition
of the diets is given in Table 1.

After 2 wk, blood samples of 10 mice per group were
drawn from the retroorbital venous plexus for determi-
nation of serum total cholesterol, HDL cholesterol, LDL
cholesterol, and serum triglycerides. The cholesterol and
triglycerides concentrations were determined enzymati-
cally using an enzymatic reagent kit (Sigma Chemical
Co., St. Louis, MO).

Table 2. Effect of Lactobacillus reuteri on total cholesterol, triglycerides, and ratio of HDL to LDL suminist-
ered previously to a fat-enriched diet (n = 20).1

Groups

FD without
CONTROL FDr with L. reuteri L. reuteri

X SD X SD X SD
Total cholesterol mg/dl 67.4a 6.9 96.2a 4.5 120.5b 3.5
Triglycerides mg/dl 85.7a 14.5 87.8a 9.9 140.1b 11.0
Ratio of HDL to LDL1 1.5a 0.2 1.4 0.3 1.2b 0.1

a,bMeans within a row with no common superscripts differ (P < 0.05).
1HDL = High-density lipoprotein; LDL = low-density lipoprotein.
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Statistical Analysis

The following variables were taken into consideration:
total cholesterol, ratio of HDL to LDL, and concentration
of triglycerides. The means per mouse of each one of
these variables and the differences among them for each
treatment, were measured by ANOVA. The results ob-
tained for each treatment group were evaluated in pairs
by the honestly significant difference test of Tukey. The
cluster analysis of the different groups was performed
by K-means. Calculations were made with the software
SYSTAT (17).

RESULTS AND DISCUSSION

The fat-enriched diet fed to FD group increased the
total cholesterol by 1.8 times, triglycerides by 1.6 times,
and decreased the ratio HDL cholesterol to LDL choles-
terol by 1.3 times compared with the values of the control
group (Table 2). The increase in lipid concentration was
significant (P < 0.001). However, no differences (P > 0.05)
were obtained in the weight of spleen and liver in relation
to the BW among groups throughout the study.

The 7-d dietary pretreatment of the FDr group with
L. reuteri CRL 1098 decreased total cholesterol and tri-
glycerides by 20 and 33% (P < 0.001), respectively, com-
pared with the FD group that received milk in the drink-
ing water without L. reuteri. A 17% increase in the ratio
of HDL to LDL was also obtained for the group treated
with the lactobacilli, probably indicating a lower amount
of cholesterol bound to the LDL.

The cluster analysis of the total cholesterol, the ratio
of HDL to LDL, and the triglycerides were performed
for each mouse of each feeding group. These results de-
termined the distribution of the mice into three groups,
which was performed by K means procedure (17). Thus,
group 1 included FD mice that were pretreated with L.
reuteri, group 2 corresponded to the control group, and
group 3 was the FD group that was not fed the lactoba-
cilli. Euclidean distances among these groups are pre-
sented in Table 3. The data clearly show the relationship
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that exists between groups 1 and 2 on the basis of the
slight difference (1.25) between them. In contrast, both
groups are separated from group 3 by 1.32 and 1.54, re-
spectively.

Lactic acid bacteria and more generally “transiting
microorganisms” can be considered as an original
method to deliver active constituents to targets in the
gastrointestinal tract. The destruction of ingested probi-
otics in the gut is mainly caused by acid in the stomach
and bile in the intestine; survival depends on their in-
trinsic resistance but also on the host and on the product
in which the probiotics are ingested. Previous assays put
in evidence the high intrinsic resistance of L. reuteri to
low pH (2 log units decrease in viability after 24 h at
pH 2.0) and to the presence of bile salts (18) compared
with the yogurt bacteria (5) and even with L. acidophilus
(7). The high tolerance of L. reuteri to acid and bile
(the main natural barrier to the entrance of exogenous
microbiota into the gastrointestinal tract) would be re-
lated to its intestinal origin (6). In fact, Mitsouka (12)
reported that this species was a major component of
gut lactobacilli and the only lactobacillus known to be
indigenous to a broad phylogenetic spectrum of hosts,
including humans and all mammals and avian hosts
examined to date.

Several trials have noted a decrease in serum choles-
terol in animal and subjects (8, 11, 14). However, such
an effect seems to persist as long as the probiotic supple-
ment was fed; when it was stopped, cholesterol returned
to presupplementation levels. A different situation was
observed in our study with L. reuteri CRL 1098 as pro-
phylactic dietary adjunct; the serum cholesterol level in
lactobacillus-pretreated mice (FDr) increased only 38%
compared with the FD group (82%) that did not receive
L. reuteri (Table 2). These results show the effectiveness
of L. reuteri as prophylactic in preventing hypercholes-
terolemia. In addition, the hypocholesterolemic effect ob-
served when the treatment was stopped provides indi-
rect evidence of the permanency of L. reuteri CRL 1098
in the gut.
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