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Abstract: Background: Dyslipidemia is a metabolic disease caused by an imbalance in cholesterol metabolism and
is @ major risk factor for cardiovascular disease. Bifidobacterium plays an important role in metabolic diseases such
as obesity and diabetes. In most studies aimed at improving the lipid metabolism effects of probiotics, end products
related to lipid metabolism were examined, whereas factors related to metabolic processes were not evaluated.
Method: We prepared a rat model in which dyslipidemia was induced by feeding of a high-fat diet (HFD) and 25%
aqueous fructose solution for 14 days. Compared to the normal diet groups, the HFD and 25% fructose solution
significantly increased the levels of cholesterol metabolism-related factors. Result: Bifidobacterium breve strain ID-
BBR4401 was orally administered for 4 weeks, which increased the production of bile acid (+34.5%, P < 0.001) in
the feces and low-density lipoprotein-receptor (+44.9%, P = 0.006), bile acyl-CoA synthetase (+43.8%, P = 0.008),
and CYP7al (+48.0%, P = 0.003) in the liver. These effects promoted cholesterol metabolism and consequently
reduced total cholesterol (-35.8%, P < 0.001), low-density lipoprotein-cholesterol (-32.7%, P < 0.001), triglyceride
(-58.3%, P < 0.001), very low-density lipoprotein-cholesterol (-33.6%, P < 0.001), and ApoB (-55.2%, P < 0.001)
levels in the serum. Conclusion: Our results suggest that ID-BBR4401 can be used as a probiotic agent to improve
dyslipidemia by stimulating cholesterol metabolism in the body.
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Introduction

Atherosclerotic cardiovascular disease is am-
ong the major causes of death worldwide.
Dyslipidemia is one cause of atherosclerotic
cardiovascular disease [1]. Cholesterol levels
in the blood have very important effects on
the pathogenesis of atherosclerosis, and un-
derstanding cholesterol metabolism will enab-
le the development of drugs and diets to re-
duce the risk of cardiovascular disease [2].
Dyslipidemia is generally characterized by in-
creased total cholesterol, triglycerides, and
low-density lipoprotein (LDL) cholesterol, as
well as decreased high-density lipoprotein
(HDL) cholesterol. Dyslipidemia is caused by
genetic factors (primary dyslipidemia) or un-
healthy lifestyle and metabolic diseases (sec-
ondary dyslipidemia) [3]. ApoB is an apoprote-

in of LDL-cholesterol and very low-density lipo-
protein (VLDL) cholesterol which carries fat
particles. ApoB is an important risk factor in
coronary disease [3, 4].

In the treatment of dyslipidemia, altering life-
style factors such as diet, exercise, and smok-
ing cessation are important; after these inter-
ventions, the risk of cardiovascular disease
and level of LDL-cholesterol in the patient are
checked to decide whether drug administrati-
on is necessary. Statins lower LDL/VLDL-cho-
lesterol levels by inhibiting hepatic synthesis of
ApoB-100. Statins are the most widely used
drugs for primary treatment and are highly ef-
fective for lowering total and LDL-cholesterol
[5, 6]. The side effects of statins, although rare,
include myopathy and hepatotoxicity, resulting
in abdominal pain and digestive disturbances;
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some patients can also develop diabetes [6, 7].
Thus, studies are being actively conducted to
identify substances to replace or supplement
existing drug therapies.

Probiotics are strains that are beneficial to
the intestinal environment when they reach the
intestines after ingestion. Lactobacillus, Bifido-
bacterium, and Enterococcus have been iden-
tified as probiotics, among which Bifidobacte-
rium is the most abundant in the mammalian
gut [8, 9]. They are known to play an important
role in obesity, diabetes, and metabolic diseas-
es [10]. Interest in Bifidobacterium has steadi-
ly increased in the food sector, as well as in the
medical field as this bacterium has been sh-
own to be effective for treating various diseas-
es. Previous studies reported that Bifidobacte-
rium spp improved lipid metabolism [11-14].
However, these studies only identified end-pr-
oducts related to lipid metabolism but did not
evaluate factors related to metabolic process-
es. Therefore, we aimed to examine the lipid
metabolism-improving effect of Bifidobacte-
rium breve strain ID-BBR4401. This strain was
developed in our laboratory and its effects
have not been evaluated.

In this study, we prepared a rat model of dyslip-
idemia by feeding of a high-fat diet (HFD) and
25% aqueous fructose solution for 14 weeks.
Bifidobacterium breve strain ID-BBR4401 im-
proved the dyslipidemia of lipid metabolism
based on biomarker analysis in the dyslipid-
emia model. The efficacy of B. breve strain
ID-BBR4401 in improving lipid metabolism
associated with bile acids was also confirmed.

Methods
Preparation of ID-BBR4401

ID-BBR4401 was provided by the lldong Phar-
maceutical R&D Center, lldong Pharmaceutical
Co., (Hwa-seong, Korea). The probiotic B. breve
strain IDCC 4401 (GenBank accession nhumber
KP325411) was from our own collection (lldong
Pharmaceutical Co., Ltd., Korea). This strain
was anaerobically incubated at 37°C for 16 h.
Cultured organisms were heat-killed at 80°C
for 1 h and centrifuged (5,000%g, 10 min). The
pellets were suspended in distilled water at a
2:1 ratio. The mixture was lyophilized and then
milled to a powder, which was used in the
experiments.
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Animals

We purchased Sprague-Dawley rats (4 weeks,
male) from RaonBio (Yongin, Korea) and hous-
ed the rats at the Daejeon University (Daejeon,
Korea). Animals were housed under controlled
conditions of 22°C + 2°C and 55 + 15% humi-
dity in a 12-h light/12-h dark cycle. The expe-
rimental animal facility and protocols were
approved by the Institutional Animal Care and
Use Committee of Daejeon University (DJUA-
RB2017-035). All experimental procedures we-
re performed in compliance with the NIH gui-
deline for the care and use of laboratory ani-
mals and national animal welfare law in Korea.

Dyslipidemia model

The rats (n = 60) were divided into six groups (n
= 10 per group). Dyslipidemia was induced in
the five groups by the consumption of a HFD
(D12336; Research Diets, New Brunswick, NJ,
USA) and with 25% aqueous fructose (Danisco,
Copenhagen, Denmark) solution for 14 weeks
(from 4 to 20 weeks of age). The remaining
group was fed a normal diet (D12337; Resear-
ch Diets) and water without fructose.

Treatment

The rats were fed a normal diet and water with-
out fructose as vehicle (Veh), HFD and 25%
fructose solution as a negative control (NC),
HFD and 25% fructose solution with oral admin-
istration of 260 mg/kg cholestyramine as a
positive control (PC). Cholestyramine is used to
treat dyslipidemia because it inhibits choles-
terol absorption by sequestrating bile acids
[15]. HFD and 25% fructose solution were orally
administered with ID-BBR4401 107 cells (Low),
108 cells (Mid), and 10° cells (High) for 4 weeks
(from 20 to 24 weeks of age) once per day.

Sample collection

The animals were anesthetized with isoflurane
(Piramal Critical Care, PA, USA), and blood was
obtained using a syringe and cardiac puncture
into clean bottles without anticoagulant. The
blood was allowed to stand at room tempera-
ture for 30 min and was then centrifuged (3000
rom, 15 min) to separate the serum. Liver tis-
sue and feces were added to 1 mL of PBS
(Welgene, Gyeongsan, Korea) per 0.1 g of the
weight. These samples were sonicated and
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Figure 1. Effect of ID-BBR4401 on bile acid level
in feces of HFD and 25% fructose solution-induced
dyslipidemia animal model. The measured levels
were expressed as the mean + standard deviation
(n =10/group) (+++P < 0.001 compared to the Veh
group, and *P < 0.05, **P < 0.01, ***P < 0.001
compared to the NC group).

centrifuged (3000 rpm, 15 min), after which
the supernatants were separated. Separated
serum and supernatants were prepared as
200-mL aliquots and stored at -80°C.

Biochemical assays

Total cholesterol, LDL-cholesterol, triglyceride,
VLDL, and ApoB were determined in the serum
or liver supernatants by using enzyme-linked
immunosorbent assay kits from Mybiosource
(San Diego, CA, USA). LDL-receptor, bile acyl-
CoA synthetase, and cholesterol 7-a hydroxy-
lase (CYP7al) were determined in the liver
supernatants and bile acid was checked in
feces supernatants.

Data analysis

All data were expressed as the mean + stan-
dard deviation of 10 animals and analyzed by
one-way analysis of variance. The post hoc test
was Tukey’s honestly significant difference test
which was performed using SPSS version 20.0
(SPSS, Inc., Chicago, IL, USA). P values < 0.05
were considered as statistically significant.

Results

ID-BBR4401 supplementation increased bile
acid content in feces

Rats fed the HFD showed a marked decrease

in bile acid levels. Oral administration with cho-
lestyramine (260 mg/kg) and ID-BBR4401
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(107, 108, and 10° cells) increased bile acid lev-
els in the feces. In all groups fed with ID-
BBR4401, the level of bile acid was significant-
ly augmented in a dose-dependent manner
compared to in the NC group (Figure 1).

Consumption of ID-BBR4401 increased
cholesterol-lowering proteins in the liver

Rats fed the HFD showed a marked decrease in
cholesterol decomposition factor levels. Oral
administration with cholestyramine (260 mg/
kg) and ID-BBR4401 (107, 108, and 10° cells)
increased LDL-receptor, bile acyl-CoA synthe-
tase, and CYP7al levels in the liver. In the
ID-BBR4401 High group, the levels of choles-
terol-lowering factors were significantly aug-
mented compared to in the NC group. Addi-
tionally, the ID-BBR4401 Mid group showed
a significant increase in only CYP7al levels
(Figure 2A-C).

ID-BBR4401 supplementation decreased lipid
and ApoB content in the liver

Similar to the results in the serum, rats fed the
HFD showed a marked increase in lipid metab-
olism factor levels. Oral administration with
cholestyramine (260 mg/kg) and ID-BBR4401
(107, 108, and 10° cells) attenuated total cho-
lesterol, LDL-cholesterol, triglyceride, VLDL,
and ApoB levels in the liver. In all groups fed
with ID-BBR4401, the total cholesterol and
ApoB levels were significantly reduced in a
dose-dependent manner compared to those
in the NC group. Additionally, the ID-BBR4401
Mid group showed significantly decreased tri-
glyceride and LDL-cholesterol levels. However,
the VLDL level did not change in all groups fed
with ID-BBR4401 (Figure 3A-E).

ID-BBR4401 supplementation decreased lipid
and ApoB content in serum

The rats fed the HFD showed a marked increa-
se in lipid metabolism factor levels, indicating
that dyslipidemia had occurred. Oral adminis-
tration with cholestyramine (260 mg/kg) and
ID-BBR4401 (107, 108, and 10° cells) attenuat-
ed total cholesterol, LDL-cholesterol, triglycer-
ide, VLDL, and ApoB levels in the serum. In all
groups fed with ID-BBR4401, the levels of lipid
metabolism factors were significantly reduced
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in a dose-dependent manner compared to th-
ose in the NC group (Figure 4A-E).

Discussion

We found that ID-BBR4401 showed similar
efficacy to cholestyramine in animal models
of dyslipidemia induced by the HFD and 25%
aqueous fructose solution. In this study, ID-
BBR4401 increased bile acid levels in the fe-
ces and up-regulated LDL-receptor, bile acyl-
CoA synthetase, and CYP7al levels in the liver.
These results indicate that ID-BBR40O0 increas-
es the production of bile acids and metabolism
of cholesterol in the body.

ID-BBR4401 significantly attenuated total ch-
olesterol, LDL-cholesterol, triglyceride, VLDL,
and ApoB levels in the liver. In addition, the
serum level of lipid metabolism factors except
for VLDL were reduced compared to those in
the NC group. Thus, ID-BBR4401 exhibited sig-
nificantly improved dyslipidemia and may be
effective for treating dyslipidemia.

Bile acid is synthesized by the breakdown of
cholesterol in the liver, which is a major path-
way for cholesterol metabolism in the liver [16,
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Figure 2. Effect of ID-BBR4401 on factors
decreasing cholesterol content in the liver of
the HFD and 25% fructose solution-induced
dyslipidemia animal model. (A) Low-density
lipoprotein (LDL)-receptor, (B) bile acyl-CoA
synthetase, (C) cholesterol 7-a hydroxylase
(CYP7al). The measured levels were ex-
pressed as the mean + standard deviation (n
= 10/group) (+++P < 0.001 compared to the
Veh group, and *P < 0.05, **P < 0.01, ***P
< 0.001 compared to the NC group).
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17]. Bile acid biosynthesis is regulated by cho-
lesterol 7 alpha-hydroxylase (CYP7al) in the
normal pathway, and overexpression of CYP7a1
promotes the production and secretion of bile
acids in the liver and decreases cholesterol lev-
els in the body [18-20]. The LDL receptor binds
to LDL, the major cholesterol-transporting lipo-
protein in the blood, and transports it through
endocytosis into the cell, which then causes
degradation [21, 22]. It also increases the
expression of LDL receptors and, as a result,
reduces LDL cholesterol levels in the blood
[23]. The use of non-statin treatment is increas-
ing because of the side effects of statins,
among which cholestyramine (Questran) is a
bile acid sequestrant that inhibits cholesterol
absorption [24].

Cholestyramine promotes the excretion of bile
acids, and the liver increases cholesterol deg-
radation to increase the synthesis of bile acids
to maintain homeostasis of excreted bile acids
[25]. This results in a decrease in the blood
cholesterol level.

Other previous studies showed that lipid meta-
bolism was improved when using a combina-
tion of various microorganisms and typically
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not with a single microorganism [26-31]. Con-
sistent with these studies, experiments evalu-
ating Bifidobacterium bifidum TMC3115 alone
resulted in decreased serum total cholesterol
and LDL-cholesterol levels [11], and B. breve
B-3 resulted in decreased serum total choles-
terol and triglyceride levels [14]. Additionally, B.
breve B-3 slightly decreased triglyceride levels
and improved HDL cholesterol in healthy pre-
obese adults [13].

In our study, we evaluated the detailed effects
of B. breve ID-BBR4401 on lipid and bile acid
metabolism. ID-BBR4401 reduced the levels
of total cholesterol by 35.8%, LDL-cholesterol
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Figure 3. Effect of ID-BBR4401 on lipid and
ApoB content in the liver of HFD and 25%
fructose solution-induced dyslipidemia animal
model. (A) Total cholesterol, (B) low-density li-
poprotein (LDL)-cholesterol, (C) triglyceride,
(D) very low-density lipoprotein (VLDL) choles-
terol, (E) apoprotein B (ApoB). The measured
levels were expressed as the mean + stan-
dard deviation (n = 10/group) (+++P < 0.001
compared to the Veh group, and *P < 0.05,
**P < 0.01, ***P < 0.001 compared to the
NC group).

by 32.7%, triglyceride by 58.3%, VLDL-cho-
lesterol by 33.6%, and ApoB by 55.2% in the
serum. Thus, B. breve |ID-BBR4401 was more
effective for improving lipid metabolism com-
pared to B. breve CBG-C15 or B. bifidum
TMC3115. ID-BBR4401 also increased the
levels of bile acid by 25.6%, LDL-receptor by
31.0%, bile acyl-CoA synthetase by 30.5%, and
CYP7al by 32.4%. Studies are needed to fur-
ther evaluate the reduction of cholesterol in
the body through bile acid metabolism. These
studies may lead to the use of ID-BBR4401
for treating dyslipidemia. ID-BBR4401 improv-
ed dyslipidemia symptoms in an HFD and
high-fructose induced dyslipidemia model. The

Int J Clin Exp Med 2020;13(6):4137-4144
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ID-BBR4401-treated group showed a dose-
dependent increase in the cholesterol to bile
acid conversion by promoting cholesterol me-
tabolism in the body and reduced lipid metabo-
lism factors in the blood. Therefore, if the effi-
cacy of ID-BBR4401 in improving dyslipidemia
symptoms is demonstrated in clinical trials, it
may be possible to develop health functional
foods containing this organism.
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Figure 4. Effect of ID-BBR4401 on lipid and
ApoB content in the serum of HFD and 25%
fructose solution-induced dyslipidemia animal
model. (A) Total cholesterol, (B) low-density lipo-
protein (LDL)-cholesterol, (C) triglyceride, (D) very
low-density lipoprotein (VLDL) cholesterol, (E)
apoprotein B (ApoB). The measured levels were
expressed as the mean * standard deviation (n
=10/group) (+++P < 0.001 compared to the Veh
group, and *P <0.05, **P < 0.01, ***P < 0.001
compared to the NC group).

Disclosure of conflict of interest
None.
Abbreviations

HFD, high-fat diet; LDL, low-density lipoprotein;
HDL, high-density lipoprotein; VLDL, very low-
density lipoprotein; ApoB, Apolipoprotein B;
CoA, coenzyme A; CYP7al, cholesterol 7-a
hydroxylase.

Address correspondence to: Dr. Dong-Hee Kim,
College of Oriental Medicine, Daejeon University, 62
Daehak-ro, Dong-gu, Daejeon, Republic of Korea.
Tel: +82-42-280-2636; Fax: +82-42-280-2623;
E-mail: dhkim@dju.kr

Int J Clin Exp Med 2020;13(6):4137-4144


mailto:dhkim@dju.kr

Effects of ID-BBR4401 on dyslipidemia model

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

4143

Tonkin A and Byrnes A. Treatment of dyslipid-
emia. F1000Prime Rep 2014; 6: 17.
Chavez-Talavera O, Tailleux A, Lefebvre P and
Staels B. Bile acid control of metabolism and
inflammation in obesity, type 2 diabetes, dys-
lipidemia, and nonalcoholic fatty liver disease.
Gastroenterology 2017; 152: 1679-1694,
e1673.

Sahebkar A, Giua R, Pedone C, Ray KK, Vallejo-
Vaz AJ and Costanzo L. Fibrate therapy and
flow-mediated dilation: a systematic review
and meta-analysis of randomized placebo-con-
trolled trials. Pharmacol Res 2016; 111: 163-
179.

Chang Y and Robidoux J. Dyslipidemia man-
agement update. Curr Opin Pharmacol 2017;
33: 47-55.

Committee for the Korean Guidelines for the
Management of Dyslipidemia. 2015 Korean
guidelines for the management of dyslipid-
emia: executive summary (English Transla-
tion). Korean Circ J 2016; 46: 275-306.
Cholesterol Treatment Trialists’ Collaboration.
Articles efficacy and safety of statin therapy in
older people: a meta-analysis of individual par-
ticipant data from 28 randomised controlled
trials. Lancet 2019; 393: 407-415.

Kim SH. Drug treatment of dyslipidemia. J Ko-
rean M Association 2016; 59.

An HM, Park SY, Lee DK, Kim JR, Cha MK, Lee
SW, Lim HT, Kim KJ and Ha NJ. Antiobesity and
lipid-lowering effects of Bifidobacterium spp. in
high fat diet-induced obese rats. Lipids Health
Dis 2011; 10: 116.

Fijan S. Microorganisms with claimed probiotic
properties: an overview of recent literature. Int
J Environ Res Public Health 2014; 11: 4745-
4767.

Diamant M, Blaak EE and de Vos WM. Do nutri-
ent-gut-microbiota interactions play a role in
human obesity, insulin resistance and type 2
diabetes? Obes Rev 2011; 12: 272-281.
Wang K, Yu X, Li Y, Guo Y, Ge L, Pu F, Ma X, Cui
W, Marrota F, He F and Li M. Bifidobacterium
bifidum TMC3115 can characteristically influ-
ence glucose and lipid profile and intestinal
microbiota in the middle-aged and elderly. Pro-
biotics Antimicrob Proteins 2019; 11: 1182-
1194.

Kondo S, Kamei A, Xiao J, Iwatsuki K and Abe
K. Bifidobacterium breve B-3 exerts metabolic
syndrome-suppressing effects in the liver of
diet-induced obese mice: a DNA microarray
analysis. Benef Microbes 2013; 4: 247-251.
Minami J, lwabuchi N, Tanaka M, Yamauchi K,
Xiao JZ, Abe F and Sakane N. Effects of bifido-
bacterium breve B-3 on body fat reductions in

(15]

(18]

(19]

[20]

[22]

(23]

[24]

[25]

[26]

pre-obese adults: a randomized, double-blind,
placebo-controlled trial. Biosci Microbiota
Food Health 2018; 37: 67-75.

Kondo S, Xiao JZ, Satoh T, Odamaki T, Taka-
hashi S, Sugahara H, Yaeshima T, lwatsuki K,
Kamei A and Abe K. Antiobesity effects of Bifi-
dobacterium breve strain B-3 supplementation
in @ mouse model with high-fat diet-induced
obesity. Biosci Biotechnol Biochem 2010; 74:
1656-1661.

European Association for the Study of the Liv-
er. EASL clinical practice guidelines: the diag-
nosis and management of patients with pri-
mary biliary cholangitis. J Hepatol 2017; 67:
145-172.

Chiang JYL. Bile acid metabolism and signaling
in liver disease and therapy. Liver Res 2017; 1:
3-9.

Bougarne N, Weyers B, Desmet SJ, Deckers J,
Ray DW, Staels B and De Bosscher K. Molecu-
lar actions of PPAR « in lipid metabolism and
inflammation. Endocr Rev 2018; 39: 760-802.
Chiang JY. Bile acids: regulation of synthesis. J
Lipid Res 2009; 50: 1955-1966.

Li T, Matozel M, Boehme S, Kong B, Nilsson
LM, Guo G, Ellis E and Chiang JY. Overexpres-
sion of cholesterol 7a-hydroxylase promotes
hepatic bile acid synthesis and secretion and
maintains cholesterol homeostasis. Hepatolo-
gy 2011; 53: 996-1006.

Li T, Chanda D, Zhang Y, Choi HS and Chiang
JY. Glucose stimulates cholesterol 7a-hydro-
xylase gene transcription in human hepato-
cytes. J Lipid Res 2010; 51: 832-842.
Humphries S, Whittall R, Hubbart C, Maple-
beck S, Cooper J, Soutar A, Naoumova R,
Thompson G, Seed M and Durrington P. Ge-
netic causes of familial hypercholesterolaemia
in patients in the UK: relation to plasma lipid
levels and coronary heart disease risk. J Med
Genet 2006; 43: 943-949.

Tao YX and Conn PM. Pharmacoperones as
novel therapeutics for diverse protein confor-
mational diseases. Physiol Rev 2018; 98: 697-
725.

Mele L, Mena P, Piemontese A, Marino V,
Lopez-Gutiérrez N, Bernini F, Brighenti F, Za-
notti | and Del Rio D. Antiatherogenic effects of
ellagic acid and urolithins in vitro. Arch Bio-
chem Bioph 2016; 599: 42-50.

Murrow JR. The role of nonstatin therapy in
managing hyperlipidemia. Am Fam Physician
2010; 82: 1056.

Vuorio A, Kuoppala J, Kovanen PT, Humphries
SE, Tonstad S, Wiegman A, Drogari E and Ra-
maswami U. Statins for children with familial
hypercholesterolemia. Cochrane Database
Syst Rev 2017; 7: CDO06401.

Sun Q, Liu X, Zhang Y, Song Y, Ma X, Shi Y and
Li X. L. plantarum, L. fermentum, and B. breve

Int J Clin Exp Med 2020;13(6):4137-4144



[27]

(28]

[29]

4144

Effects of ID-BBR4401 on dyslipidemia model

beads modified the intestinal microbiota and
alleviated the inflammatory response in high-
fat diet-fed mice. Probiotics Antimicrob Pro-
teins 2019; [Epub ahead of print].

Kim SJ, Park SH, Sin HS, Jang SH, Lee SW, Kim
SY, Kwon B, Yu KY, Kim SY and Yang DK. Hypo-
cholesterolemic effects of probiotic mixture on
diet-induced hypercholesterolemic rats. Nutri-
ents 2017; 9: 293.

Bordoni A, Amaretti A, Leonardi A, Boschetti E,
Danesi F, Matteuzzi D, Roncaglia L, Raimondi S
and Rossi M. Cholesterol-lowering probiotics:
in vitro selection and in vivo testing of bifido-
bacteria. Appl Microbiol Biotechnol 2013; 97:
8273-8281.

Nishiyama K, Kobayashi T, Sato Y, Watanabe Y,
Kikuchi R, Kanno R, Koshizuka T, Miyazaki N,
Ishioka K and Suzutani T. A double-blind con-
trolled study to evaluate the effects of yogurt
enriched with lactococcus lactis 11/19-B1 and
bifidobacterium lactis on serum low-density li-
poprotein level and antigen-specific interferon-y
releasing ability. Nutrients 2018; 10: 1778.

[30] LeeY, Ba Z, Roberts RF, Rogers CJ, Fleming JA,

[31]

Meng H, Furumoto EJ and Kris-Etherton PM.
Effects of Bifidobacterium animalis subsp. lac-
tis BB-12® on the lipid/lipoprotein profile and
short chain fatty acids in healthy young adults:
a randomized controlled trial. Nutr J 2017; 16:
39.

Rerksuppaphol S and Rerksuppaphol L. A ran-
domized double-blind controlled trial of lacto-
bacillus acidophilus plus bifidobacterium bifi-
dum versus placebo in patients with hyper-
cholesterolemia. J Clin Diagn Res 2015; 9:
KCO1.

Int J Clin Exp Med 2020;13(6):4137-4144



