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Abstract

The aim of this study was to investigate the effect of Lactobacillus plantarum and Bacillus coagulans on serum lipid profile and
lowering potential of probiotic in hypercholesterolemic rats. Twenty-eight male Wistar rats were divided into four groups as
follows: (1) control group, fed standard commercial diet; (2) HC group, fed high-cholesterol diet; (3) HC + LP group, fed high-
cholesterol diet and gavaging of L. plantarum; and (4) HC + BC group fed high-cholesterol diet and gavaging of B. coagulans.
After 28 and 50 days, serum lipid profile; serum ALT and AST; the body and organ weights; fecal total count; Enterobacteriaceae,
L. plantarum, and B. coagulans counts; and blood glucose tolerance were measured. We observed that levels of triglyceride,
cholesterol, LDL, VLDL, and atherogenic index in serum were significantly lower in the HC + probiotic groups. Also, serum
ALT and AST were significantly decreased in probiotic-treated groups. In addition, we found that feeding of a high-cholesterol
diet for 50 days produced significant increases in the body weight, in addition to the fact that the administration of L. plantarum
and B. coagulans has considerably reduced the body weight gain. B. coagulans and L. plantarum can survive passing through the
upper-gastrointestinal tract after oral feeding to the rats and colonized in their colon. These bacteria could be exploited as a
potential biotherapeutic remedy to reduce TC, TG, LDL, VLDL, and atherogenic index in hypercholesterolemic condition.
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Introduction

Probiotics are defined as “living microorganisms, which upon
ingestion in certain numbers exert health benefits on the host
beyond inherent basic nutrition” [1]. Various investigations on
probiotics indicated the positive influence on the intestinal
flora of the host, increased mucosal immunity, reduced in-
flammatory or allergic reactions, and reduced blood cholester-
ol. Furthermore, they possess anti-colon cancer effects and
many other benefits [2].
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Hypercholesterolemia occurs when there is an elevated
level of total cholesterol (TC) in the bloodstream. This can
result from high levels of low-density lipoprotein choles-
terol (LDL) as compared to high-density lipoprotein cho-
lesterol (HDL) [3].

Hypercholesterolemia is a major risk factor associated with
coronary heart diseases, and it is considered that keeping TC
at a desirable level is one of the major preventive strategies for
these diseases [3]. Dietary management, behavior modifica-
tion, regular exercise, and drug therapies are modalities for
lowering TC levels [4]. High cost of medicines, undesirable
side effects of these compounds, and some health concerns
about their long-term therapeutic use are the major limitations
for pharmacological therapy. Therefore, use of probiotics for
prevention of hypercholesterolemia receives considerable at-
tention of scientific community [2, 5].

Human studies have shown promising evidence that well-
established probiotics possess hypocholesterolemic effects,
while new strains of probiotics have been evaluated in animal
models for their potential hypocholesterolemic effects [6].
There are some cholesterol lowering mechanisms proposed
by Lactobacillus strains. One of the most important
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mechanisms is through the bile salt hydrolase (BSH) enzyme
which is the enzyme responsible for bile salt deconjugation in
the enterohepatic circulation [7]. In 1974, Mann and Spoerry
published the first scientific article associating lactic acid bac-
teria with a reduction of 18% serum cholesterol of warriors of
an African tribe (Masai and Sambura) whose regular diet in-
cluded milk fermented by Lactobacillus [5].

Eleven strains of lactobacilli were screened and analyzed
for bile salt deconjugation ability, bile salt hydrolase activity
(BSH), and coprecipitation of cholesterol with deconjugated
bile by Liong and Shah (2005). Their result showed that
Lactobacillus acidophilus strains had higher deconjugation
ability than L. casei strains [8].

“Besides the commonly explored strains, bacterial spore
formers, mostly of the genus Bacillus do carry probiotic attri-
butes. The value of non-spore former LAB for the mainte-
nance of human and animal health has been acknowledged
both scientifically in terms of published research data and
commercially in form of the availability of probiotic products.
However, in comparison to LAB, bacterial spore formers have
not gained high popularity, particularly in terms of research
interest. Several Bacillus strains have been screened for their
potential probiotic functionalities, in several in vitro and
in vivo models. Besides qualifying the mandatory bench
marks for a candidate probiotic, Bacillus spp. offers higher
acid tolerance and better stability during heat processing
and low temperature storage. Additionally, they have also
been shown to possess pathogen exclusion, anti-oxidant,
anti-microbial, immuno-modulatory, and food fermenta-
tion abilities” [9]. The present study was undertaken to
explore the, therapeutic potential and comparing of probi-
otic Lactobacillus plantarum and Bacillus coagulans, with
a particular focus on the cholesterol-lowering potential and
lipid profile changes in rats.

Methods
Preparation of Probiotic Bacteria

Lyophilized probiotic B. coagulans was donated by the
Pardis Roshd Mehregan Company, Iran. It was grown aer-
obically in Nutrient Yeast Extract Salt Medium (NYSM)
broth (this was prepared by the method of Russell et al.
[10] and incubated at 37 °C for 48 h). The spore suspension
of the bacterium was finally prepared at the concentration
of 1 x10° spores/ml in a sterile saline. Lactococcus
plantarum was grown in MRS broth for 24 h at 37 °C to
adjust the cell counts to 10° CFU/ml. The cells were
pelleted by centrifugation at 6000xg for 5 min, washed
twice with sterile saline, then were resuspended in sterile
saline to obtain counts of approximately 10’ CFU/ml. The
suspension was prepared daily for feeding to rats.
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Experimental Design

Twenty-eight 8-week-old male Wistar rats (weighing 200 +
10 g) were prepared from the Razi Vaccine and Serum
Research Institute, Shiraz, Iran, and kept in standard poly-
propylene cages. They were maintained in a central, small
animal house at a controlled temperature of 22 +2 °C and
relative humidity of 56% to 60% with 12-h light exposure
in a daily cycle from 7 a.m. to 7 p.m. with ad libitum access
to diet and tap water. The animals were fed with commer-
cially standard pellet.

After an acclimatization period of 1 week, the animals were
randomly divided into four groups (n = "7/group) as follows:
(1) control group, fed standard commercial diet; (2) HC group,
fed high-cholesterol diet containing commercial diet with mix
of 1% cholesterol (Merck, Darmstadt, Germany) and 10% egg
yolk powder (Narin company, Iran); (3) HC + LP group, fed
high-cholesterol diet and gavaging of 1 ml/day of 10’ CFU/ml
of L. plantarum; and (4) HC + BC group, fed high cholesterol
and gavaging of 1 ml/day of 10° spores/ml of B. coagulans.
Control and HC groups were gavaged 1 ml of normal saline
instead. Body weight of the rats was recorded weekly during
the 50 days of experiments.

Collection of Blood and Organ Samples

Following 28 and 50 days of the experiments, four and three
overnight-fasted rats were, respectively, anesthetized and bled
from heart for serum collections. After bleeding, rats were
euthanized using saturated diethyl ether in desiccators.
Serum was separated by centrifugation at 3000xg for 15 min
and kept at — 70 °C for subsequent biochemical analysis.

Liver, heart, spleen, and kidneys were excised, rinsed in
chilled saline solution, then blotted on filter paper, and
weighed separately to calculate the organ’s weight.

Serum and Liver Sample Analysis

The serum samples were analyzed for TC, triglyceride (TG),
and HDL by colorimetric reactions using specific enzymatic
kits (Biorex Fars, Iran). The Friedewald equation was used to
analyze other plasma lipid fractions including LDL, very low-
density lipoprotein cholesterol (VLDL), atherogenic index,
LDL/HDL ratio, and TC/HDL ratio [11].

The serum samples were also analyzed for liver enzymes
ALT and AST by colorimetric reactions using specific enzy-
matic kits (Biorex Fars, Iran).

Liver lipids were extracted and purified according to the
method of Hara et al. [12] with some changes. Briefly, 18 ml
of hexane:isopropanol (3:2) was added to 1 g of liver sample;
the mixture was homogenized (DI 18B, IKA, Germany) at
5000 rpm for 30 s and maintained overnight at 4 °C. The
mixture was centrifuged at 5000xg for 20 min. Non-lipids in
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the extract were removed by mixing the supernatant two times
with 12 ml of aqueous sodium sulfate (prepared from 1 g of
the anhydrous salt and 15 ml of water). Two layers formed in
tubes and the lipids were in the upper, hexane-rich layer. TG
and cholesterol of the lipid extract were measured by colori-
metric reactions using specific enzymatic kits (Biorex Fars,
Iran).

Microbiological Analysis of Fecal Sample

For the bacteriological analysis, fecal samples were collected
on days 21 and 50 of the experiments in separate sterile tubes
which were promptly processed within 1 h of collection. Each
sample was, respectively, plated in duplicate on the plate
count agar, VRBD agar (Merck, Darmstadt, Germany), and
NYSM agar, for total, Enterobacteriacae, and B. coagulans
counts, respectively.

Oral Glucose Tolerance Test

On days 28 and 50 of the experiments, four and three animals
were, respectively, deprived of the diets for 12 h and then were
given 5 g/kg BW glucose solution (50% w/v) by intragastric
gavage. Blood samples were drawn from the tail every 30 min
for oral glucose tolerance testing. Blood glucose was mea-
sured at 0, 30, 60, 90, and 120 min by a rapid blood glucose
meter (Accu-chek Company, USA) [13].

Animal Ethics

This experimental study was accomplished under the approval
of the State Committee on Animal Ethics, Shiraz University,
Shiraz, Iran (ethical approved number 1392/909342).

Statistical Analysis

Data analysis was carried out with SPSS Inc. software (ver-
sion 19). One-way analysis of variance was used to study
significant difference between means, with significance level
at «=0.05. Duncan’s multiple comparison test was used to
perform multiple comparisons between means. All data pre-
sented are three replicates.

Results

In this study we examined the lipid-lowering potential of
probiotics L. plantarum and B. coagulans in Wistar rats fed
high-cholesterol diet. Results showed that the body weight
of all groups increased every week, especially the group of
the high-cholesterol-fed groups compared with the control
group. The high-cholesterol diet promoted a significant
increase in body weight over the 50-day period (Fig. 1).

On days 35, 42, and 50 of experiment, the weight gain on
HC group was significantly more than the control. The
weight gain was strictly controlled in the animals fed on
the diet containing L. plantarum and B. coagulans.

After 28 and 50 days of treatment, liver, heart, and spleen
weight of treated rats showed no significant difference in com-
parison to control (Table 1). On day 28 of experiment,
cholesterol-enriched diet had significantly increased kidney
weight. However, on day 50, kidney weight of HC group
was not increased and was similar to that of control, and HC
+ LP and HC + BC groups did not show any significant
changes in kidney weight (Table 1).

The effects of the dietary treatments on the serum lipid
profile (TG, TC, LDL, HDL, VLDL and atherogenic index,
TC/HDL and LDL/HDL ratios) are presented in Fig. 2.

Treatment groups receiving L. plantarum (HC + LB) and
B. coagulans (HC + BC) showed significantly lower TG than
HC group on days 28 and 50 (Fig. 2a). The effect of
supplementing different prebiotics on TC is shown in Fig.
2b. This result showed that there was a significantly higher
TC on days 28 and 50 by 31.1% and 41.6% for HC diet,
respectively, and probiotic groups significantly controlled
TC and was similar to control diet.

Statistical analysis for the effect of cholesterol-enriched
diet and different probiotic on LDL on day 28 indicated
significant increase in HC group compared to the control
group by 87.8% while HC + LP and HC + BC caused less
decrease than control group, i.e., by 37.6% and 69.6%,
respectively. On day 50 of treatment, HC diet caused sig-
nificant increase in serum LDL by 184.6% compared to
control and probiotic groups significantly controlled LDL
and was similar to control diet (Fig. 2¢). Results of serum
HDL are shown in Fig. 2d, which showed that HC diet
significantly decreased on day 50 while serum HDL in
groups having probiotics was similar to control.

HC diet caused significant increase in serum VLDL af-
ter 28 and 50 days of treatment and treatment groups re-
ceiving HC + LP and HC + BC showed significantly lower
VLDL than HC group which was close to control diet on
day 50 (Fig. 2e).

In this study HC diet caused 72.5% and 144.6% increase in
serum atherogenic index after 28 and 50 days of treatment,
respectively. While HC + LP and HC + BC groups showed
significant decreasing effect both on days 28 and 50 and
probiotics showed significantly less atherogenic index than
control group on day 28 (Fig. 2f).

The statistical analysis on day 28 and 50 showed that serum
TC/HDL ratio differed significantly among the experimental
groups (Fig. 2g). HC diet significantly increased TC/HDL
ratio by 34.5% and 68.8% compared to control, whereas HC
+ LP and HC + BC diet was significantly lower and was
similar to the control diet. Also, there was no significant dif-
ference between HC + LP and HC + BC diet.
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Fig. 1 The effect of 400 -
supplementation of diet with

probiotics L. plantarum and

B. coagulans on body weight of 350
hypercholesterolemia male
Wistar rats during 50-day
treatment. Control (green
diamond), high cholesterol
(orange square), high cholesterol
+ L. plantarum (red triangle),
high cholesterol + B. coagulans
(blue circle). Means with asterisks
in each day of treatment are
significant (p < 0.05)

Weight (g)

On day 28 of treatment, LDL/HDL ratio was significantly
lower in rats fed HC + LP and HC + BC diet compared with
controls, whereas it was significantly greater in rats fed HC diet.
LDL/HDL ratio of probiotic groups was similar to control group
on day 50 and was significantly less than HC group (Fig. 2h).

Results of serum ALT and AST are shown in Fig. 3. Except
control group, no significant difference in serum ALT activity
of all groups was seen on day 28, but it significantly decreased
in HC + LP and HC + BC groups on day 50 compared to HC
diet and were close to control group. On day 28, HC diet had a
significant increasing effect on serum AST by 34.6% and the
level of this enzyme significantly decreased in HC + LP and
HC + BC groups. Another factor that might have contributed
to this difference is slight change in the composition of diet
due to the addition of supplements.

HC diet significantly increased liver triglyceride on days 28
and 50 of treatment. However, probiotic groups significantly
controlled liver triglyceride increase on day 50 (Fig. 4a).
There was no significant difference between treated groups
on liver total cholesterol on day 28. However, effect of high-

7 14 21 28 35 42 50
Days

cholesterol diets on liver total cholesterol showed significant
increase on day 50 compared to control (Fig. 4b).

The effects of the dietary treatments on total count,
Enterobacteriaceae count, L. plantarum count, and
B. coagulans count of feces are presented in Table 2. Except
control, all groups had significantly less fecal total count on
day 21; however, on day 50, HC diet had significantly less
fecal total count and probiotic groups were similar to control.

In groups HC and HC + LP, significant increase in fecal
Enterobacteriaceae count compared to control diet after 21 days
was observed and B. coagulans significantly controlled the in-
crease of fecal Enterobacteriaceae count (Table 2). Both
probiotics significantly decreased fecal Enterobacteriaceae
count over the 50 days compared to HC group.

As expected, L. plantarum count significantly increased in
HC + LP group compared to other treatment groups on days
21 and 50 of experiment. Also, B. coagulans count signifi-
cantly increased in HC + BC group compared to others.
However, high-cholesterol diet did not significantly increase
L. plantarum and B. coagulans count in rat’s feces.

Table 1 The effect of

supplementation of diet with Day Treatment groups  Organ weight (g)

L. plantarum and B. coagulans on - ]

liver, heart, kidney, and spleen Liver Heart Kidney Spleen

weight of hypercholesterolemic

male Wistar rats 28 (n=4) Control 898 +0.21a 1.13£0.04 a 1.83£0.01 a 1.01 £ 0.08 a
HC 11.02 +0.98 a 1.13+£0.03 a 2.15+£0.09b 1.12+020a
HC + LP 1101 £0.71 a 1.12+0.07a 2.01 +0.05 ab 1.07+0.13a
HC + BC 10.11 £ 0.60 a 1.19 £0.05a 2.01 +0.09 ab 1.30+0.08a

50 (n=3) Control 11.81 £0.69 a 139 £0.07 a 256+0.13a 120+ 05a

HC 1474 + 140 a 146 £0.15a 250+0.13a 147 £0.16 a
HC + LP 1335+ 099 a 1.33+0.082a 242+0.17a 140 +£0.15a
HC + BC 1272 £ 096 a 1.32+£0.07a 235+0.13a 1.35+001a

The different letters in the same column within the same day indicate significant differences (p < 0.05)
HC high-cholesterol diet, HC + LP high-cholesterol + L. plantarum diet, HC + BC high-cholesterol +

B. coagulans diet
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Fig. 2 The effect of supplementation of diet with probiotic bacteria on
serum triglyceride (a), total cholesterol (b), LDL-cholesterol (¢), HDL-
cholesterol (d), VLDL-cholesterol (e), atherogenic index (f), cholesterol/
HDL ratio (g), and LDL/HDL ratio (h) in hypercholesterolemia male

Table 3 shows the results of glucose tolerance test in rats
performed before sacrificing. On day 28, at zero time, blood
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same sampling day indicate significant differences at 0.05 level

glucose of HC, HC + LP, and HC + BC groups was signifi-
cantly higher than the control. Also, there was no significant

@ Springer



1168 Probiotics & Antimicro. Prot. (2019) 11:1163-1171
120 - ALT 250 - b AST b
b T %
[ c a
i 200 -
90 1 - 24
g b b a =
g b - a a T, 150 - o
T. PP =]
é 60 a F g =
= 2100 -
= 2 o
30 50 -
0 0
28 50 28 50

Treatment days

Fig. 3 The effect of supplementation of diet with probiotic bacteria on
serum ALT and serum AST in hypercholesterolemia male Wistar rats.
Control ([ ), high cholesterol (f]), high cholesterol + L. plantarum

difference between groups on 30, 60, 90, and 120 min. For
control and HC + BC groups, blood glucose significantly
dropped after 120 min, but for HC and HC + LP groups, it
did not drop after 120 min. On day 50, except group HC + BC,
the increase of blood glucose was not significant on time zero,
but HC diet significantly increased blood glucose at times 60
and 120. Moreover, there was no significant difference be-
tween groups on 30, 60, 90, and 120 min.

Discussion

It is well known that high concentrations of cholesterol and LDL-
cholesterol in the blood account for increasing risk of cardiovas-
cular diseases [14]. Hence, the incidence of CVD may be lowered
by decreasing of serum/plasma cholesterol (total and LDL) in
hypercholesterolemic patients [13]. Probiotics are defined as
“living microbial supplements that beneficially affect the host
animals by improving its intestinal microbial balances” [6].
There have been reputable studies on the ability of probiotics to
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Fig. 4 The effect of supplementation of diet with probiotic bacteria on
liver triacylglyceride (a) and liver cholesterol (b) in hypercholesterolemia
male Wistar rats. Control ([ ]), high cholesterol (7)), high cholesterol +
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deviation values. Means with different letters in the same sampling day
indicate significant differences at 0.05 level

lower cholesterol levels in the body [4, 5]. The possible mecha-
nisms involved in the hypocholesteremic effect include the
deconjugation of bile by BSH, an assimilation of cholesterol by
growing cells, the binding action of bile by fiber, the binding of
cholesterol to the microbial cellular surface, the microbial produc-
tion of short-chain fatty acids (SCFAs) in the colon, and
coprecipitation of cholesterol with deconjugated bile [15]. These
hypotheses need to be confirmed in animal and human studies [4,
16, 17). L. plantarum and B. coagulans, are proved probiotic
strain, have rarely been tested and compared for their
cholesterol-lowering potential. Hence, this study was designed
specifically to test their effect on lipid profile and intestinal micro
biota of hypercholesterolemia-induced Wistar rats.

In our case, although only a limited number of rats were
involved, the addition of cholesterol significantly increased the
weight gain of rats after 50 days from the beginning of its appli-
cation. Also, the weight gain was controlled in the animals fed on
the diet containing L. plantarum and B. coagulans. These find-
ings are in agreement with Haroun et al. [15]. However, An et al.
[18] showed that the gain in body weight of rats after 7 weeks
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L. plantarum (Eﬂ) high cholesterol + B. coagulans ). Bars represent
standard deviation values. Means with different letters in the same
sampling day indicate significant differences at 0.05 level
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Table 2 The effect of

supplementation of diet with Day Treatment groups Bacterial count (log CFU/g of feces)

L. plantarum and B. coagulans on

total count, Enterobacteriaceae Total count Enterobacteriaceae Lactobacillus Bacillus

count, Lactobacillus plantarum, plantarum coagulans

and Bacillus coagulans of feces in

hypercholesterolemic male 21 Control 943 +£020a 540 £022a 7.65+0.08a 641 £035a

Wistar rats HC 8.25+0.06 b 6.01 +£020b 7.67+037a 6.64+0.12a
HC+LP 8.56 £0.52b 633 +032b 878 £032b 623 +0.16a
HC +BC 8.60 +£0.29b 516+0.15a 7.26 £ 026 a 9.42 +£0.32b

50 Control 878 +0.18 a 5.12+0.32 ab 8.12+029a 7.14+037a

HC 7.64 £ 0.28 b 555+0.16b 7.83 £0.05a 694 +£032a
HC+LP 8.63+024a 498 +0.29a 9.00 £0.33b 7.11£0.14a
HC + BC 849+ 0.15a 497 +0.15a 824+ 0.17a 8.10+0.11b

The different letters in the same column within the same day indicate significant differences (p <0.05)
HC high-cholesterol diet, HC + LP high-cholesterol + L. plantarum diet, HC + BC high-cholesterol +

B. coagulans diet

was significantly higher in the groups fed high-fat diet alone than
in the group fed high-fat diet and lactic acid bacteria together.
Our research presented no increase in body organs weight
of rats after supplementation of their diet with cholesterol. In
An et al.’s research [18], no significant change in weight of
spleen, kidney, and liver of rats fed high-fat diet and high fat
with lactic acid bacteria were observed. These results showed
that probiotics did not influence overgrowth and increase of
body or organ weights, and also, high-cholesterol diets did not
affect weight gain of important organs of treated animals.
The present study showed that treatment groups receiving
L. plantarum (HC + LB) and B. coagulans (HC + BC) had
significantly lower concentration of TG than HC group on days
28 and 50. These results are in agreement with Ranasinghe et al.
[19], who suggested that probiotic feeding has an influence on
lipid metabolism of animals to decrease TG. Also, Nguyen
et al. [20] showed that TG was lowered by 10% as a result of

the L. plantarum treatment. Sudha et al. [2] suggested that the
lowering of triglycerides by probiotic strains may be due to
production of lipase by these organisms, which breaks larger
molecules of fats into simple and easily digestible substrates.

There was a significant increasing effect of HC diet on TC
on days 28 and 50 (31.1% and 41.6%, respectively), and
L. plantarum (HC + LB) and B. coagulans (HC + BC) groups
significantly controlled results which are similar to control diet.
Abd El-Gawad et al. [3] showed that feeding yoghurt contain-
ing two strains of Bifidobacteria to rats for 6 weeks reduced the
TC to 48.7% and 37.3%, respectively. Also, Kumar et al. [13]
reported 32% decrease in the TC by feeding Lactobacillus
rhamnosus to hypercholesterolemic rats. In vitro research of
Sirilun et al. [21] on Lactobacillus spp. isolated from non-
human origin indicated that L. plantarum exhibited the BSH
activity and a TC reducing potential by 81.46% in active cells
and the range of 13.11 to 23.28% in dead cells.

Table3  The effect of supplementation of diet with probiotics L. plantarum and B. coagulans on blood glucose (mg/dl) of hypercholesterolemic male

Wistar rats given glucose solution (5 g/kg body weight)

Day Treatment groups Time (min)

0 30 60 90 120

28 Control 82.5+23 Aa 184.5+ 19.1 Ba 178.8 + 10.6 Ba 161.0 + 8.7 Ba 127.0 £ 8.8 Ca
HC 102.8 + 7.0 Ab 174.0 + 21.2 Ba 171.3 + 6.8 Ba 142.3 + 14.8 ABa 1353 + 18.3 ABa
HC +LP 100.5 + 1.7 Ab 178.5 £29.2 Aa 166.3 + 6.7 Aa 163.5+ 6.5 Aa 115.0 £ 129 Aa
HC + BC 103.0 + 4.5 Ab 174.0 £ 9.0 Ba 166.5 + 6.3 Ba 157.0 + 0.9 Ba 1215+ 3.9 Ca

50 Control 933 £58Aa 138.3 + 10.7 Ba 1527 + 82 Ba 1443 + 59 Ba 140.3 £ 7.0 Ba
HC 110.0 + 4.5 Aab 162.0 + 9.2 Ba 178.3 + 7.5 Bb 180.7 + 14.5 Ba 172.0 £ 11.9 Bb
HC +LP 109.0 + 7.2 Aab 161.0 + 8.1 Ba 152.7+ 6.2 Ba 152.0 +3.2Ba 147.7 £ 6.2 Bab
HC +BC 116.7 + 3.9 Ab 162.7 + 11.7 Ba 15533 + 49 Ba 163.7 + 17.7 Ba 165.3 + 5.5 Bab

The different capital letters indicate significant differences in row (p < 0.05). The different small letters in the same column within the same day indicate

significant differences (p < 0.05)

HC high-cholesterol diet, HC + LP high-cholesterol + L. plantarum diet, HC + BC high-cholesterol + B. coagulans diet
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The hypocholesterolemic effect of the probiotics has been
attributed to their ability to bind cholesterol in the small intes-
tines. Another important mechanism is through the BSH en-
zyme which is responsible for bile salt deconjugation in the
enterohepatic circulation [5, 22].

Significant differences in VLDL of rats in HC groups were
noted. Also, groups fed L. plantarum and B. coagulans had
lower VLDL compared to the control rats. Kumar et al. [13]
observed significantly less plasma VLDL concentrations on
group receiving probiotic L. rhamnosus GG by 41% com-
pared to control throughout the experiment.

In this study, serum atherogenic index was also significant-
ly lowered as a result of the probiotic treatment, compared to
HC and control groups (Fig. 4). Our data agree well with the
finding of Abd El-Gawad et al. [3], which showed that feeding
yoghurt containing different strains of Bifidobacteria signifi-
cantly decrease the values of atherogenic index of rats fed the
cholesterol-enriched diet.

The activities of ALT and AST were measured to access
hepatocellular damage [23]. The present study showed that
probiotics had a significant positive effect on serum ALT
and AST in experimental animals. These results agree with
An et al. [18]. Similar results have been observed with some
specific probiotics strains [24, 25].

This study presented an increase in liver triglycerides
and cholesterol of rats after supplementation of their diet
with high cholesterol, and probiotics significantly con-
trolled this increase after 50 days of experiment. In the
study of Chiu et al. [14], the effects of Lactobacillus-
fermented milk on lipid metabolism in hamsters fed high-
cholesterol diet showed a great reduction in liver choles-
terol and TG content compared to the control group. Also,
statistical analysis of El-Shafie et al. [26] for the effect of
feeding different probiotic bacterial strains on liver total
lipid, total cholesterol, and triacylglycerol in comparison
to positive control revealed that there was a higher signif-
icant decreasing effect for all groups.

Oral administration of L. plantarum and B. coagulans sig-
nificantly lowered fecal total count of these bacteria in rats. It
is possible that high concentration of TC in the diet of HC
group has prevented growth of some species of bacteria in the
large intestine of rats. However, it appears that the stimulating
effect of probiotics on bacterial growth has indeed overcome
the inhibitory influence of TC. An et al. [18] indicated that the
fecal total lactic acid bacteria counts were clearly lower in rats
fed high-fat diet than in the control group over the 7 weeks of
experimental period. However, after treatment with dose of
10° CFU of lactic acid bacteria, these counts were significant-
ly increased compared with those in the high-fat-diet group.
Our results show that L. plantarum and B. coagulans can
survive passing through the upper-gastrointestinal tract after
oral feeding and ingested probiotics affect the intestinal envi-
ronment to favor their colonization.

@ Springer

The effect of supplementation of diet with probiotics
L. plantarum and B. coagulans on blood glucose (mg/dl) of
hypercholesterolemic male Wistar rats given glucose solution
(5 g/kg body weight) is presented in Table 3. The result was
very complex and difficult to interpret.

Conclusions

In this communication, the cholesterol-lowering effect of sup-
plementation of diets with two different probiotic bacteria is
presented. The results of this study indicate that L. plantarum
and B. coagulans could be exploited as a potential
biotherapeutic remedy to reduce TC, TG, LDL, VLDL, and
atherogenic index. These hypocholesterolemic effects of diets
containing probiotics L. plantarum and B. coagulans which
have been demonstrated in the hypercholesterolemia rats in
the present study could make an effective and economic con-
tribution in treating hypercholesterolemia, and these effects
could be confirmed in human volunteers.
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