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Abstract

Hypercholesterolemia is one of the major risk factors associated with the emergence and development
of cardiovascular diseases (CVD) and atherosclerosis. The hypocholesterolemic effects of probiotics
have been indicated by numerous studies. The 3-hydroxy-3-methylglutaryl-coenzyme A reductase
(HMGCR) and cytochrome P450 7A1 or cholesterol 7 alpha-hydroxylase (CYP7A1) are two important
genes in choletsterol metabolism. In this study, the effects of Bacillus subtilis JQ61816 on lipid panel,
hepatic enzymes and expression levels of HMGCR and CYP7A1 were investigated. Twenty-one male
Wistar rats were randomly allotted to 3 experimental groups; a) negative control group (ND) fed with
normal diet, b) high-fat diet group (HFD) fed with high cholesterol diet, and c) probiotic group (BS) fed
with high cholesterol diet supplemented with probiotic B. subtilis. Serum analysis of treatment groups
was performed to measure fasting blood sugar (FBS), lipid profile parameters, hepatic enzymes, urea,
and uric acid. Our results showed that B. subtilis could reduce the level of total cholesterol, triglycerides,
and LDL and it also could increase high-density lipoprotein (HDL) level. Moreover, alanine
transaminase (ALT), aspartate transaminase (AST), and uric acid were significantly lower in BS group
compare to HFD group. Furthermore, up-regulation of HMGCR and down-regulation of CYP7A1 were
observed in BS group. The results of our study suggest that consumption of probiotic B. subtilis
JQ61816 may prevent or decline the development of hypercholesterolemia and other cardiovascular
diseases.
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1. Introduction

Hypercholesterolemia is one of the main risk
factors associated with the emergence and
development of cardiovascular diseases (CVD) and
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atherosclerosis, which are considered as common
cause of morbidity and mortality [1]. According to
world health organization (WHO) prediction, by
2030, CVD will be the leading global cause of deaths
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and will affect over 23.6 million around the world
which accounts for 80% of the deaths in low-income
countries [2, 3].

There are several approaches used to control or
treat hypercholesterolemia, such as consumption of
Statins and Ezetimibe, exercising and adjusting of
dietary habits [4-6]. Although medicinal therapy is a
pioneering method in the regulation of cholesterol
level, long-term use of this approach leads to various
undesirable effects [7-9]. Thus, there has been a
growing tendency among researchers to find
alternative ways, such as using biomaterials.

Numerous studies have indicated that probiotics,
either bacteria or yeasts, have many health-promoting
effects such as immunomodulatory, anti-cancer and
anti-diabetic, gastrointestinal tract promotion,
hypocholesterolemic and regulation of lipid
metabolism [10-14]. For these reasons, probiotics are
considered as a promising approach in the modulation
of lipid metabolism to reduce the rate of
hypercholesterolemia. =~ Probiotics are  living
microorganisms that exert their beneficial effects on
the host if consumed in appropriate amounts. Bacillus
subtilis is a type of probiotics which is widely used in
diets [15].

In the present study, the impact of oral
administration of B. subtilis JQ61816 on lipid panel
parameters and the expression levels of 3-hydroxy-3-
methyl-glutaryl-coenzyme A reductase (HMGCR) and
cholesterol 7-alpha hydroxylase (CYP7A1) genes were
assessed in male Wistar rats with a high-fat diet.

2. Materials and Methods

2.1 Bacteria

The B. Subtilis JQ61816 was purchased from
Takgen company as lyophilized bacterium (Bactogen®
contained 4x109 CFU/ml). Probiotic suspension daily
prepared, and to prepare probiotic suspension,
lyophilized B. Subtilis JQ61816 mixed by phosphate-
buffered saline (PBS) (Sigma Aldrich, USA).

2.2 Amimals and study design

All animal experiments in this study were
approved by the Animal Care Committee of Islamic
Azad University of Medical Science (Tehran, Iran) and
were performed according to the guidelines from the
NIH principles for the Care and Use of Laboratory
Animals. Twenty-one male Wistar rats aged 7-8
weeks; weighed 100-150 grams were purchased from

Bagiyat-Allah Research Center (Tehran, Iran), and
used for all experiments. Rats were housed in cages
maintained at 22 + 2°C with 55% + 5% humidity and
subjected to a 12 h light/dark cycle and free access to
food and water for 14 days to adapt to laboratory
conditions after adaptation rats were distributed into
three groups. Negative control group (ND), High-fat
group (HFD), and probiotic group (BS), which
respectively were fed with normal diet plus 1ml PBS,
high-fat diet + 1ml PBS, and high cholesterol diet + B.
subtilis (4x109 CFU/ml) suspension. Diet ingredients
are shown in Table 1. To prepare a high-fat diet, we
used liquid fat and mixed it with the normal diet's
ingredients. PBS and probiotic suspension were
administered by daily gavage at a certain time.

23
1.15
0.33
0.72
0.25

1
0.55
8

Table 1. Constituent of diets used in this research
Percentage in normal diet (%) Percentage in high-fat diet (%)

23

1.15

0.33

0.72

0.25
1

0.55
0

Ingredients
Protein
Tryptophan
Calcium

Threonine
Salt
Fat

Lysine
Methionine

2.3 Blood collecting and analysis

At the end of three weeks, all rats were sacrificed
after 12 h fasting, and then blood was collected by
cardiac puncture. The serum was collected by
centrifugation at 1500xg for 15 min. An auto-analyzer
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(RA1000, USA) was used for the analysis of serum
total cholesterol (TC), triglyceride (TG), low-density
lipoprotein (LDL), high-density lipoprotein (HDL),
aspartate  aminotransferase = (AST), alkaline
phosphatase (ALP), alanine aminotransferase (ALT),
fasting blood sugar (FBS), urea and uric acid levels.
Moreover, to achieve a better understanding of the
impact of probiotics on serum parameters, we
calculated the ratio of total cholesterol/HDL,
triglycerides/HDL, and LDL/HDL.

2.4 Gene expression analysis

Total RNA was extracted from abdominal adipose
tissues using RNX-Plus reagent (Cinaclon, Iran)
according to manufacturer's instruction, and 1 pg of
isolated RNA was converted to cDNA with ¢cDNA
Reverse Transcriptase Kit (Bioneer, South Korea).
cDNA was used as a template and amplified by
quantitative polymerase chain reaction (QPCR). Gene
expression analysis was performed by Real-time PCR
system (ABI-Stepone, USA) using SYBRGreen
(Ampligon, Denmark). The program for PCR and
relative gene expression is described in our previous
study [11]. GAPDH gene was considered as a
housekeeping gene, and the relative quantities of each
gene were analyzed using terms of 2-24ACt, Primers were
designed for HMGCR, and CYP7A1 genes are obtained
from our previous research [11]. The primers are
designed using Primer3plus software and primer
analysis was performed by OligoAnalyzer 3.1.
Resultant primers are shown in Table 2. The whole
experiments were carried out in duplicate.

2.5 Statistical analysis

All data are reported as the mean + SEM.
Statistical significance was analyzed by the student t-
test method using GraphPad Prism 8.2.1 Software
(GraphPad Software, Inc., US). A P-value < 0.05 was
considered statistically significant.

3. Results

3.1 The effect of B. subtilis JQ61816 on FBS

HFD group had the highest level of FBS among
the experimental group. Although B. subtilis JQ61816
could reduce the FBS level, there was not a significant
difference compared to control groups (Figure 1A).

3.2 The effect of B. subtilis JQ61816 on lipid profile
3.2.1 Total Cholesterol

The level of total cholesterol was significantly
increased in HFD group by 22.9% (P< 0.05), while B.
subtilis JQ61816 caused decreasing of total cholesterol
level by 9.9% compared to HFD. However, the
difference was not significant (Figure 1B).

Product size (bp)
71
69
170

Table 2. The list of primer used in RT-PCR
Primer sequence (5'-3")
F: AAGCTGTCATTCCAGCCAAG
R: GGCCACATGCAATGTAGATG
F: CTGCGTGACGAAATTGACAG
R: CTTGCACTTCACGGATGATG
F: TTGTGATGGGTGTGAACCAC
R: AGTCTTCTGAGTGGCAGTGATG

Gene
HMGCR
CYP7A1
GAPDH

3.2.2 Triglycerides

The serum analysis indicated that B. subtilis
JQ61816 consumption could significantly decrease the
triglycerides level by 30.4 % in BS group compared to
the HFD group (P<0.05). The results are shown in
Figure 1C.

3.2.3HDL

BS group revealed the highest level of HDL among
experimental groups. The level of HDL in BS was
cimbed by 11.76% compared to HFD group.
Moreover, ND group had the lowest amount of HDL
unexpectedly (Figure 1D).

3.2.4 DL
As depicted in Figure 1E, HFD group had the
highest level among all groups. The serum LDL was
significantly decreased after 21 days of consumption of
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probiotics by 22.2% compared to HFD group  other experimental groups (P<0.05). The result of the
(P<0.05). analysis is shown in Figure 2A.
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Figurel. Serum analysis results of FBS and lipid profile parameters. A) Serum FBS level: Bacillus subtilis JQ61816 could decline
the level of serum FBS compared to HFD group, but it was not statistically significant; B) Total cholesterol level: the quantity of
total serum cholesterol was elevated significantly by 22.9 % in HFD group due to having a high-fat diet while the level of total
cholesterol was reduced by 9.9% due to consumption of B. subtilis JQ61816; C) The level of serum triglycerides: consumption of
B. subtilis JQ61816 could significantly decrease the serum triglyceride compared to HFD group; D) Serum HDL level: BS group
showed The highest level of HDL, which was elevated by 11.76% compared to HFD. Unexpectedly, The ND group had the lowest
level of HDL among all experimental groups; E) The serum level of LDL: BS group was significantly declined by 22.2% compared
to HFD group due to consumption of probiotics.
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Figure 2. Ratio analysis of lipid profile parameters. A) Total cholesterol to HDL ratio: BS group is declined compared to HFD group
due to consumption of B. subtilis JQ61816; B) Triglyceride to HDL ratio: BS group was shown a significant difference compared
to HFD group by 36.8%; C) LDL / HDL ratio: The highest number of LDL/HDL ratio was belonged to HFD group, while BS group
had the lowest level due to probiotics consumption.

3.2.5 Total cholesterol/HDL ratio 3.2.6 Triglycerides/HDL ratio
As expected, the measurement of total cholesterol The ratio of triglycerides number to HDL number
to HDL ratio indicated that BS group was lower than  displayed a 16.9% reduction in HFD group compared
to ND group, while a statistical significance was
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observed in BS group compared to HFD group by
36.8% (P<0.05) (Figure 2B).

3.2.7 LDL/HDL ratio

The analysis of LDL/ HDL ratio revealed that the
consumption of B. subtilis JQ61816 was caused a
significant decline compared to HFD group. The
results of the analysis are shown in Figure 2C.

3.3.2ALP

The level of ALP in BS group was decreased
compared to HFD. Although the amount of ALP was
increased in both groups of HFD and BS compared to
ND group, a significant difference was observed
between HFD and ND groups (P<0.05). Results are
shown in Figure 3C.
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Figure 3. The level of hepatic enzymes, uric acid and urea. A) The serum levels of AST: consumption of Bacillus subtilis JQ61816
could significantly decline the amount of AST enzyme while The HFD group had the highest level of this hepatic enzyme among
other experimental groups; B) The serum level of ALT: BS group had the lowest level of ALT among experimental groups and B.
subtilis reduced the ALT level significantly compared to HFD group; C) The serum level of ALP: The amount of ALP was raised
in HFD and BS groups compared to ND group. Although the BS group had a lower amount of serum ALP, there was no significant
difference between HFD and BS groups; D) The serum level of uric acid: administration of probiotics was caused to reduce the uric
acid level in BS group by 35.4% compared to HFD group; E) The serum level of urea: Although the level of urea in BS group is
lower than HFD group, but the difference was not statistically significant.

3.3 The effect of B. subtilis JQ61816 on hepatic
enzymes

3.3.1AST and ALT

The measurement of serum AST and ALT levels
revealed that the administration of probiotics could
reduce these hepatic enzymes significantly compared
to HFD group by 41.4% and 23.8%, respectively
(P<0.05). In contrast, the serum level of AST and ALT
were climbed due to a high-fat diet (Figure 3A, 3B).

3.4 Uric Acid

The measurement of serum uric acid showed that
orally administration of B. subtilis JQ61816 could
reduce uric acid level by 35.4% compared to uric acid
level in HFD group (P<0.05). The results are shown in
Figure 3D.

3.5 Urea
The analysis of urea level demonstrated that there
was no significant difference between all experimental
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Figure 4. The effect of Bacillus subtilis JQ61816 on key genes related to cholesterol metabolism: The level of HMGCR expression
was increased in BS group compared to HFD group. In contrast, unexpectedly, the level of CYP7AL gene expression was

significantly decreased in BS group due to using probiotics.

groups. However, the serum level of uric acid in BS
group was lower than HFD group (Figure 3E).

3.6 The effect of B. subtilis JQ61816 on Key genes
in cholesterol metabolism

The expression of HMGCR gene was significantly
climbed in BS group compared to HFD group
(P<0.05). In contrast, the down regulation of CYP7A1
was observed in BS group. Results are shown in Figure

4A, 4B.

4. Discussion

Hypercholesterolemia is a complex metabolic
disorder caused by an elevated level of blood
cholesterol and affected by lipid metabolism factors
and diet. Numerous clinical, epidemiological, animal
and genetic studies have indicated that a high amount
of blood cholesterol is associated with an elevated risk
of cardiovascular diseases [16, 17].

Using Statins (e.g., rosuvastatin and atorvastatin),
as lipid-lowering medication, is the most common
approach to reduce serum cholesterol, triglycerides,
and LDL levels. Although this method might be
effective, some undesirable effects have been reported,
including myopathy and albuminuria [18, 19].

Hence, using alternative approaches are crucial,
which are safer and more cost-effective. For a long
time, probiotics have been widely used, and the
hypocholesterolemic effect of them has been well-
studied in vivo and in vitro [12, 20].

In this study, we used B. subtilis JQ61816 as a
probiotic. A high level of cholesterol in HFD group

indicated that high-cholesterol diet had led to
hypercholesterolemic rats. Our results indicated that
B. subtilis JQ61816 could decrease the serum levels of
total cholesterol, triglycerides, and LDL, while it can
elevate HDL level. Although B. subtilis JQ61816 could
reduce total cholesterol level, it was not significant
statistically. The hypocholesterolemic effects of
probiotics have been studied in humans and animals
over the years. Similarities between humans and some
animals (e.g., rats, hamsters, and pigs) in bile acid and
cholesterol metabolism and plasma lipoprotein
distribution make these animals as useful
experimental models [21-23]. Therefore, the acquired
results from animal studies can be reliable and
transferable to humans. In this study, B. subtilis
JQ61816 has been chosen to make a comparison with
other probiotics with hypocholesterolemic effects.
According to previous reports, various probiotic
bacteria may have hypercholesterolemic impacts by
various levels [24-26].

There are several plausible mechanisms for
hypocholesterolemic effects of probiotics, including
enzymatic deconjugation of bile acids by bile salt
hydrolase, assimilation of cholesterol by growing cell,
production of short-chain fatty acids from
oligosaccharides and cholesterol binding to cellular
surface of probiotics [24-26]. Also, B. subtilis
bacterium can produce extracellular cholesterol
oxidase, which led to cholesterol level reduction [27,
28].

Heo et al. indicated that Lactobacillus plantarum
LRCC 5273 could reduce total cholesterol and LDL-
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cholesterol levels significantly, while the significant
reduction in triglycerides and HDL-cholesterol were
not observed [29]. In another study, Briand et al.
showed that the administration of Saccharomyces
boulardiiled to a significant reduction in total plasma
cholesterol and HDL at day 21. However, in the liver,
the significant reduction was not observed in total
cholesterol level, while triglycerides level significantly
decreased by 25% at day 39 [30]. Moreover, according
to some reports the consumption of L. plantarum
KY1032 and Lactobacillus curvatus at 5x109
CFU/day can significantly reduce the triglycerides
level by 22% in rats with high-fat diet while
consumption of these bacteria at 10© CFU/day can
decrease the level of triglycerides by 46% in high-
fructose-fed rats [31, 32]. There are several human
studies that have indicated that the administration of
probiotics has led to a decrease in serum total
cholesterol, triglyceride, and LDL [33-35]. On the
other hand, some clinical trial reports have shown that
the consumption of some probiotics might have no
significant effects on lipid profile [36, 37].

Numerous studies have shown probiotics may
affect cholesterol metabolism through the regulation
of genes involved in cholesterol biosynthesis pathway
[29, 38, 39].

In contrast to the findings of some studies, we
observed a significant decrease in the expression of
HMGCR gene in BS group compared to the HFD
group. However, some studies have indicated that the
administration of some probiotics such as L.
plantarum, and Lactobacillus rhamnosus, can lead to
up-regulation of HMGCR in Caco-2 cells and liver,
respectively [38, 40, 41]. Interestingly, in vivo
experiments have shown that taking cholesterol-
lowering medicines (e.g., Ezetimibe and Simvastatin)
elevates intestinal expression of HMGCR [42, 43].

Besides, our findings showed that B. subtilis
JQ61816 cause a significant decrease in CYP7A1
expression in BS group. Our result is in agreement
with Yadav et al. study, which has shown that
consumption of milk fermented with two strains of L.
rhamnosus can cause down-regulation of CYP7A1 in
hypercholesterolemic rats [44]. However, our findings
are in contrast to some studies which have shown
probiotics consumption leads to overexpression of
CYP7A1[39, 45].

CYP7A1 gene is a part of bile acid-producing
pathway which utilize cholesterol as its substrate,

downregulation of this gene might occur for two
reasons, in the first hypothesis, due to consumption of
diet cholesterol by B. subtilis cholesterol oxidase [46],
plasma cholesterol level could decrease, therefore due
to depletion of CYP7A1 substrate this gene could be
downregulated. In the second hypothesis, B. subtilis
squalene synthase-like enzyme (YisP) can catalyze the
formation of farnesol (FOH) from farnesyl
diphosphate (FPP) [47]. Farnesol subsequently can
activate farnesoid X receptor (FXR) [48]. Activation of
this receptor would lead to downregulation of CYP7A1
[49] and also reported to has a triglyceride-lowering
effect. In the current study, these effects were observed
in BS group. On the other hand, FXR activation is
shown to be effective in intestinal cholesterol excretion
and hyperlipidemia attenuation [50]. It seems that the
excretion of intestinal cholesterol may lead to a
decrease in blood cholesterol levels. Elevation of the
HMGCR gene expression in BS group might occur to
compensate for this reduction by increasing cellular
biosynthesis of cholesterol. The proposed hypotheses
are depicted in Supplementary Figure 1.

Here, we are reporting that B. subtilis JQ61816
exerts cholesterol-lowering and triglycerides-lowering
effects on the host through regulation of expression of
genes involved in lipid metabolism. According to
numerous studies, it seems probiotics exert their
effects in various mechanisms and several factors are
associated with the mechanisms, including dosage of
probiotics, type of probiotics bacteria, gut microbiota
composition, etc. We suggest that administration of
different doses of B. subtilis JQ61816 in a long period
of time for further studies. Among the limitations of
the present study we make a suggestion according to
the results as the mechanisms of hypocholesterolemic
effects of probiotics are not clear yet. The period of
time for using probiotics may have roles in its
hypocholesterolemic effects. Moreover, it is possible
that the administration of this bacterium with other
probiotics and even prebiotics may elevate its
hypocholesterolemic effects.

Our findings showed that the administration of B.
subtilis JQ61816 can reduce total serum cholesterol,
triglycerides, and LDL, while increasing HDL levels.
Moreover, B. subtilis JQ61816 can reduce hepatic
enzymes that are associated with liver disorders such
as fatty liver. Also, the level of urea and uric acid were
decreased due to administration of B. subtilis
JQ61816.
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