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Abstract

Probiotics and plant extracts are considered to prevent the development of non-alcoholic fatty liver disease (NAFLD). The present study explores
the effects of using both probiotics and plant extracts on NAFLD. The present study evaluated the effects of plant extracts on lipid droplet accu-
mulation and the growth of probiotics in vitro. A C57BL/6 mouse model was used to examine the effects of probiotics and plant extracts on
NAFLD. Body weight and food intake were measured. The levels of serum lipids, oxidative stress and the liver injury index were determined
using commercial kits. Haematoxylin and eosin staining, GC and real-time PCR were also used for analysis. The results revealed that admin-
istration of Lactobacillus casei YRL577 and L. paracasei X11 with resveratrol (RES) or tea polyphenols (TP) significantly reduced the levels of
total cholesterol, TAG and LDL-cholesterol and increased the level of the HDL-cholesterol. The groups of L. casei YRL577 with RES and TP also
regulated the liver structure, oxidative stress and injury. Furthermore, L. casei YRL577 with TP exhibited a more positive effect towards improving
the NAFLD and increased the concentrations of the butyric acid than other three combined groups. L. casei YRL577 with TP up-regulated the
mRNA levels of the farnesoid X receptor and fibroblast growth factor 15 and decreased the mRNA levels of the apical Na-dependent bile acid
transporter. These findings showed that L. casei YRL577 + TP-modified genes in the intestinal bile acid pathway improved markers of NAFLD.
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In vivo and in vitro studies showed that multiple plant
extracts had been used to control NAFLD without side effects!?.
Studies have shown that the tea polyphenols (TP) have reduced
liver lipid content and have provided a certain theoretical basis
for reducing liver damage'®. Dietary plant extracts such as soya
isoflavones (SD and resveratrol (RES) have prevented and

Non-alcoholic fatty liver disease (NAFLD) has the highest
incidence among liver diseases and exhibits a younger
trend™?. Several drugs aimed at oxidative stress, insulin resis-
tance, the inflammatory response and fibrosis are used to treat
NAFLD®. However, these drugs are associated with side effects®.
Scientific studies have shown that NAFLD was associated

with intestinal microbiota. This evidence provided new targets
for NAFLD intervention and treatment in terms of diet and
nutrition®.

Evidence indicates that the intestinal microbiota is associ-
ated with the occurrence and development of NAFLD.
NAFLD is accompanied by changes in the number and struc-
ture of the intestinal microbiota, which affects bile acids’
metabolism®7”. Probiotics are a new approach for the preven-
tion and treatment of NAFLD via changing reabsorption of
the bile acids and affecting the farnesoid X receptor (FXR)—
fibroblast growth factor-15 (FGF15) pathway®. Bifidobacteria
and lactobacilli genera have reportedly shown efficacy with
NAFLD®!D,

improved NAFLD via various mechanisms®.

There are many studies on the hypolipidemic effect of
probiotics and plant extracts, respectively. However, the effect
of probiotics combined with natural products on NAFLD i vivo
has not yet been investigated. However, other studies have
shown that polyphenols improve the antioxidant capacity via
Lactobacillus fermentation>; and catechins improve the anti-
oxidant activity via microbial transformation®. These findings
have prompted the authors to evaluate the potential effects
between probiotics and plant extracts.

The present study evaluated plant extracts which had a
beneficial effect on alleviating lipid accumulation in HepG2
cells. Then, we used plant extracts with Lactobacillus paracasei

Abbreviations: ALT, alanine aminotransferase; ASBT, apical Na-dependent bile acid transporter; AST, aspartate aminotransferase; CON, control; FGF15, fibro-
blast growth factor-15; FXR, farnesoid X receptor; GSH, glutathione; IOD, integrated optical density; MDA, malondialdehyde; NAFLD, non-alcoholic fatty liver
disease; RES, resveratrol; SI, soya isoflavones; SV, simvastatin; TC, total cholesterol; TP, tea polyphenols.

* Corresponding author: Lanwei Zhang, email zhanglanwei@ouc.edu.cn

+ These authors are co-first authors.

ssaud Aisianun abplquied Aq auluo paysiignd £10€00025t L L£000S/2101°01/B10"10p//:sdny

@ CrossMark


mailto:zhanglanwei@ouc.edu.cn
https://doi.org/10.1017/S0007114520003013
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S0007114520003013&domain=pdf
https://doi.org/10.1017/S0007114520003013

ot

British Journal of Nutrition

1082 Z. Zhang et al.

X11 and L. casei YRL577 to interfere a NAFLD mouse model.
Furthermore, the potential mechanism involved in the efficacy
of these combinations of probiotics and plant extracts on the
NAFLD was investigated.

Experimental methods
HepG?2 cells culture and toxicity detection

HepG2 cells (Cell Bank of CAS) were cultured on ninety-six-well
plates containing 10 % fetal bovine serum (Biological Industries)
and 1% penicillin/streptomycin (Beyotime) in Dulbecco’s modi-
fied Eagle’s medium (DMEM) (HyClone). The Cell Counting Kit-
8 (CCK8) (Beyotime, China) toxicity of the RES, SI and TP
(Shanghai Yuanye) were trialled to determine the optimal concen-
tration. Then, 0-5 mm oleic acid (Sigma) was added to the model
group and the administration group and incubated at 37°C and
5% CO, for 24h. The plant extracts were added to each
administration group and incubated at 37°C and 5 % CO, for 24 h.

Determination of the intracellular lipid content
in the HepG2 cells

Oil red O staining solution (Solarbio) was used to determine
the intracellular lipid content according to a method described
previously'”. Oil red O staining was performed 24 h after the inter-
vention, and the morphology of the fatty liver cells was observed
with a microscope (Olympus). The Oil Red O-stained pictures
were analysed with Image-Pro Plus 6.0 image analysis software.
Each group randomly selected three representative high-power
fields. The red integrated optical density (IOD) values expressed
by the lipid droplets were calculated, and the resultant values were
compared.

Experimental culture strains

The strains of L. paracasei X11 and L. casei YRL577 were stored in
the Functional Dairy and Probiotic Engineering Laboratory
of Ocean University of China. Prior to the experiment, the
strains were inoculated into MRS broth and cultured in a 37°C incu-
bator for 48 h. Then, 2 % (v/v) was inoculated into the MRS broth
medium and cultivated for 24 h as an activated strain for use in the
experiments. The concentration of the strains was 10® colony-
forming units (CFU)/ml.

Effects of different concentrations of plant extracts on the
growth of strains in vitro

The plant extracts were, respectively, formulated into four
concentrations of plant extract culture media with 0-05, 0-1,
1 and 10 mg/ml. The strains were inoculated into a plant extract
culture media, and the basic medium was used as a control. The
strains were cultured in a constant temperature incubator at
37°C, and the optical density at 600 nm (ODjgq) value was mea-
sured every 2 h during 28 h.

Effects of different kinds of plant extracts on the growth
of the strains in vitro

The strains were inoculated into a liquid basic medium and
a liquid plant extract medium with 1 mg/ml. The medium

without the corresponding plant extract was used as control.
The strain was cultured in a 37°C incubator, and the ODgqq value
was measured every 2 h during 28 h.

Animal models and experimental groups

Because of the prevalence and severity, NAFLD was higher in
male than in female"'®. The experimental mice, 6-week-old male
C57BL/6 mice, were purchased from Pengyue Co. Ltd and were
adaptively fed for 7 d. All mice were kept in a specific-pathogen
free (SPF) facility under a 12-h light—-dark cycle. The temperature
was 20-24°C, and the relative humidity was 40-60 %. They had
ad libitum access to feed and water. Seven weight-matched
groups were randomly assigned to the mice ( 10 per group)
control (CON) group, high-fat control group, positive control
group (simvastatin (SV): positive control for inhibition of choles-
terol biosynthesis), L. paracasei X11 + RES group, L. paracasei
X11 + TP group, L. casei YRL577 + RES group, and L. casei
YRL577 + TP group. The construction of the NAFLD model
was referred to the method described'*?”. The control group
was fed a normal diet, and the other groups were fed a high-
fat diet (20 % protein composed of casein and r-cystine; 35 %
carbohydrate composed of maize starch, maltodextrin and
sucrose; 45% fat composed of soyabean oil and lard) for
8weeks. The mouse was injected intraperitoneally with
carbon tetrachloride (CCly-vegetable oil (v/v) solution at a dose
of 0-72 ml/100 g for the first week, and then 40 % CCly solution
was injected intraperitoneally at a dose of 0-42ml/100¢g for
3 weeks. From week 9 to week 17, mice in the intervention
group began to receive the corresponding reagent. The probiot-
ics were administered at a dose of 10° CFU/kg body weight, TP
was 200 mg/kg body weight, RES was 100 mg/kg body weight
and SV was 3 mg/kg body weight. Each experimental group
was gavaged with the specific treatments once a day. We used
the following formula to determine the human equivalent dose:
plant extracts (mg/kg = animal NOAEL mg/kg) X (weight animal
(kg)/weight human (kg))'=*”_ Factor method for body surface
area was applied to calculate the dose converting between animals
and humans. Thus, TP=200mg/kg X (0-022/70kg)"¥ =
1396 mg/kg or 0976g for a 70-kg human; and RES=
100 mg/kg X (0-022/70kg)** =698 mg/kg or 0-488g for a
70-kg human. At the same time, mice in the control group and
the high-fat control group were given the same amount of PBS
buffer. The investigators were blinded to the treatment groups.
Mice were killed after they were gavaged for 8 weeks. The mice
were anaesthetised using isoflurane in chambers. The blood
was collected from the eyeball veins of the mice, and then the liver
and intestinal tissues were collected and stored at —80°C until they
were used. The experiments were performed in accordance with
the British Animals (Scientific Procedures) Act 1986 (PPL 70/7652)
and were approved by the Laboratory Animal Ethics Committee of
College of Food Science and Engineering of Ocean University of
China (permission number: SPXY2019051501).

Measurement of the body weight and liver index

The mice were weighed weekly, and the weight changes of each
group of mice were monitored. The weight of the mice and the
whole liver were recorded. Moreover, the liver index of the mice
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was calculated according to the following formula.

Liver weight

—— X 100 %
Body weight x ’

Liver index (%) =

Detection of blood lipid levels

The mouse blood samples were centrifuged at 1500 rpm for
15 min at 4°C. The upper serum was collected and placed in a
refrigerator at —20°C until use. The levels of TAG, total choles-
terol (TC), HDL-cholesterol and LDL-cholesterol levels were
detected using commercial kits (Nanjing Jiancheng) according
to the manufacturer’s instructions.

Histopathological analysis of the liver

Mice livers were excised 5 X 5 mm and fixed in 4 % paraformal-
dehyde fixative solution and then embedded in paraffin. A piece
was cut from paraffin block (thickness 4pm) and then
haematoxylin and eosin-stained. The pathological sections were
observed under an optical microscope (E100, Nikon), and pho-
tos were taken. The histological assessments were carried out by
an independent researcher.

Detection of the serum biochemical indicators

Aspartate aminotransferase (AST), alanine aminotransferase
(ALT), superoxide dismutase, glutathione peroxidase (GSH-PX)
and malondialdehyde (MDA) levels in the serum were measured
with a commercial kit (Nanjing Jiancheng) according to the man-
ufacturer’s instructions.

Determination of the SCFA in the faeces

Before the mice were killed, the faecal samples of the mice were
collected for three consecutive days and stored in a —80°C.
Pre-treatment of the faecal samples was performed according
to Tao et al.?V. Diethyl butyric acid was added to the samples
as an internal standard for GC analysis (Agilent) and calculated
according to the following formula.

SCFA (umol /g) — SCFA peak area
a 8 = Internal standard peak area

Internal standard concentration

SCFA molar mass
1000000

x Sample quality

RT-PCR assay

The mRNA expression of the FXR, FGF15 and apical Na-
dependent bile acid transporter (ASBT) were evaluated by
RT-PCR. Total RNA of the ileum tissue was extracted with
Trizol (Invitrogen) according to the manufacturer’s instructions,
and ¢cDNA was synthesised using the ReverTra Ace qPCR RT
Master Mix (TOYOBO) reverse transcription reaction kit. The
sequences of the forward and reverse primers are shown in
Table 1. Following the addition of SYBR Green, the reaction
was performed in a Real-Time PCR instrument (ABD. The ratio
of the detection value of each target gene to glyceraldehyde

Table 1. Target gene primer sequence

Gene Forward (5'-3") Reverse (5'-3’)

FXR GCTAATGAGGAC GTCTGTTGGTCTGCC
GACAGCGAAGG GTGAGTTC

FGF15 TCGCTACTCGGA TCTGGTCCTGGAGC
GGAAGACTGTAC TGTTCTCTG

ASBT GCGAAGGCGATTC GCTAAGAGGATGGT
CTGCGTAG GAGCACAGTG

GAPDH GGTTGTCTCCTG TGGTCCAGGGTTT
CGACTTCA CTTACTCC

FXR, farnesoid X receptor; FGF15, fibroblast growth factor 15; ASBT, apical
Na-dependent bile acid transporter; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.

3-phosphate dehydrogenase represents the expression level of
each target gene. The fold of gene expression was calculated
by AACt.

Statistical analysis

All data were expressed as mean values and standard deviations.
Statistical differences in data between groups were determined
using one-way ANOVA and S-N-K ANOVA using SPSS 22.0
software. P < 0-05 was considered statistically significant. The mice
were sequenced by weight and randomly allocated to weight-
matched groups by SPSS 22.0. The sample size was chosen based
on our previous preliminary experiment. The levels of TC and TAG
in the liver are important indicators for NAFLD. We mainly analysed
the TC and TAG in the liver using one-way ANOVA, for detecting a
significant difference between groups. The Fvalues of TC and TAG
are 7-118 and 30-668, and the effect sizes of TC and TAG are 0-476
and 0-777, respectively. We have done an analysis using G*Power
(version 3.1.9.4). With a P= 0-05 and a power of 0-80, we got a total
sample size of seventy and thirty-five. So we chose ten mice in each
group to obtain more valid statistical data.

Results

Effects of the different plant extracts on the toxic effects
and lipid droplet accumulation in the HepG2 cells

As depicted in Fig. 1, cytotoxicity and cell inhibition were not
affected by the SI concentration, and the lowest concentration
was found to be for RES and TP (20 pmol/D in the range of 0—
50 pmol/1. Therefore, 20 pmol/l was selected as the final concen-
tration of the active substance intervention.

The degree of lipid droplets was reflected by the red IOD
value. The higher the value, the more serious the accumulation
is. Following the oleic acid intervention, the IOD value for the
model group had increased significantly (P<0-05), and the
accumulation of lipid droplets was relieved after supplementa-
tion with different plant extracts (Fig. 2). Compared with the
model group, the IOD value of the RES group decreased by
36-01 %, and the IOD value of the TP group decreased by
60-39 % (P < 0-05). There was no significant difference found
between the SI group and the model group. The results showed
that RES and TP produced the effect of reducing lipid droplet
accumulation in the HepG2 cells, and therefore, they were
selected for the subsequent screening experiments.
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(A) Effects of resveratrol concentrations of 0, 10, 20, 30, 40 and 50 pmol/l on HepG2 cell growth. (B) Effects of soya isoflavone concentrations of 0, 10, 20, 30, 40

and 50 pmol/l on HepG2 cell growth. (C) Effects of tea polyphenol concentrations of 0, 10, 20, 30, 40 and 50 umol/l on HepG2 cell growth. Values are means, with
standard deviations represented by vertical bars. ¢ Unlike letters represent significant differences (P < 0-05). ODs0, optical density at 450 nm.
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Fig. 2. Effects of different plant extracts on oleic acid-stimulated lipid
droplet expression in the HepG2 cell steatosis model. Values are means, with
standard deviations represented by vertical bars. ¢ Unlike letters represent
significant differences (P < 0-05). IOD, integrated optical density; CON, control;
RES, resveratrol; Sl, soya isoflavones; TP, tea polyphenols.

Effects of the plant extracts on the growth
of probiotics in vitro

Effects of the different concentrations of plant extracts on
the growth of the strains in vitro. The effect of the active sub-
stances on the growth of the strain 7 vitro was depicted in Fig. 3.
The strains of L. casei YRL577, L. paracasei X11 and
L. casei YRL577 with RES and TP, and L. paracasei X11 with
RES and TP all reached a stable period at about 22 h. When
the concentration of RES and TP reached 10 mg/ml, the growth

of L. casei YRL577 and L. paracasei X11 exhibited significant
inhibitory effects (P<0-05). When the concentration of RES
and TP were less than 1 mg/ml, compared with the single strain,
the addition of RES and TP failed to produce a significant effect or
to inhibit the growth of L. casei YRL577 and L. paracasei X11.

Effects of the different plant extracts on the in vitro growth
of the probiotic strains. The effects of RES and TP on the
growth of L. casei YRL577 and L. paracasei X11 were shown
in Fig. 4. It can be seen from the figure that the L. casei
YRL577, L. paracasei X11, L. casei YRL577 with RES and TP,
and L. paracasei X11 with RES and TP all reached a stable stage
at about 22 h. Co-cultivation of the RES and TP at 1 mg/ml with
L. casei YRL577 and L. paracasei X11 failed to produce a signifi-
cant effect on the growth status of the two strains.

Effects of probiotics and plant extracts on the body weight,
liver weight and liver index in mice. The weight of the CON
group exhibited a steady state following the start of gavage, and
the weight of the HFD group continued to increase (P < 0-05)
(Fig. 5). The weight of the mice in the treatment groups showed
a tendency to slow down in the last 3 weeks (P<0-05).
However, no significant differences were found between the
SV group and the treatment groups in the body weight of
the mice.

Table 2 results showed that the mouse liver index was
statistically increased in the HFD group, compared with the
CON group (P < 0-05). Compared with the HFD group, the liver
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Fig.3. (A) Effects of different concentrations of resveratrol (RES) on the growth of Lactobacillus casei YRL577. (B) Effects of different concentrations of tea polyphenols
(TP) on the growth of L. casei YRL577. (C) Effects of different concentrations of RES on the growth of L. paracasei X11. (D) Effect of different concentrations of TP
on the growth of L. paracaseiX11. Values are means, with standard deviations represented by vertical bars. 2 Unlike letters represent significant differences (P < 0-05).
(A) —m—, YRL577-RES (0-05 mg/ml); —m—, YRL577-RES (0-1 mg/ml); ==, YRL577-RES (1 mg/ml); —»—, YRL577-RES (10 mg/ml); ——, YRL577; (B) —=—, YRL577-TP
(0-05 mg/ml); —m—, YRL577-TP (0-1 mg/ml); —a=, YRL577-TP (1 mg/ml); =, YRL577-TP (10 mg/ml); ——, YRL577; (C) —a—, X11-RES (0-05 mg/ml); —=—, X11-RES
(0-1 mg/ml); —a=, X11-RES (1 mg/ml); ==, X11-RES (10 mg/ml); ——, X11; (D) —a—, X11-TP (0-05 mg/ml); —m—, X11-TP (0-1 mg/ml); ==, X11-TP (1 mg/ml); —=—,

X11-TP (10 mg/ml); ——, X11. ODggo, optical density at 600 nm.

index of the L. paracasei X11+ RES group, L. paracasei
X11+TP group, L. casei YRL577 +RES group and L. casei
YRL577 + TP group had decreased by 12-76, 17-97, 17-71 and
19-27 %, respectively (P<0-05). The L. paracasei X11+ TP
group, L. casei YRL577 + RES group and L. casei YRL577 + TP
group exhibited similar liver index effects to the SV group.

Effects of the probiotics and plant extracts on the lipids

in mice

Biochemical parameters of the lipid metabolism in mice.
According to an analysis of the mouse lipid-related indicators
in Table 3, compared with the CON groups, serum TAG, TC
and LDL-cholesterol reached the higher levels and the lower
level of serum HDL-cholesterol in the HFD group (P < 0-05).
Compared with the HFD group, L. paracasei X11 and L. casei
YRL577 combined with RES and TP decreased the serum levels
of TAG, TC and LDL-cholesterol levels and had increased the
HDL-cholesterol levels. The results showed that the effect of
L. casei YRL577 with TP was higher than that of the other treat-
ment groups (P < 0-05).

Following 8 weeks of continuous intervention, the TC and
TAG in the liver of the mice were measured. The highest TC
and TAG content in the HFD group were found in Table 4. All
of the applications reduced the content of the two to varying

degrees, and the L. casei YRL577 + TP group exhibited the most
significant effect (P < 0-05). Compared with the HFD group, the
liver TC concentration in the L. casei YRL577 + TP group had
decreased by 18-:81 %, and the TAG decreased by 45-55 %, which
was not different compared with the SV group.

Histopathological analysis of the liver. Fig. 6 depicted the his-
topathological sections of the liver, and the liver cells in the CON
group exhibited normal morphology and no fat vacuoles. In the
HFD group, the lipid infiltration was severe, and the fat vacuoles
were the most apparent. The fat vacuole phenomenon in the
intervention groups was improved to varying degrees. The
effects of the L. casei YRL577 + RES group and the L. casei
YRL577 4+ TP group were higher than that of the L. paracasei
X11 + RES group and the L. paracasei X11 4+ TP group, which
was consistent with the results of the lipid-related indicators.

Effects of the probiotics and plant extracts on the serum
biochemical parameters

Compared with the CON group, the serum AST level in the HFD
group had increased a significant 2-87-fold and ALT 2.-47-fold as
it increased in Table 5 (P < 0-05). The AST and ALT levels of the
supplemented L. paracasei X11 and L. casei YRL577 with the
plant extracts had significantly reduced (P < 0-05). Among them,
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Fig. 4. (A) Effects of different plant extracts on the growth of Lactobacillus casei
YRL577. (B) Effects of different plant extracts on the growth of L. paracasei X11.
Values are means, with standard deviations represented by vertical bars.
2 Unlike letters represent significant differences (P < 0-05). (A) —a—, YRL577-
RES (1 mg/ml); —=, YRL577-TP (1 mg/ml); =, YRL577; (B) —s—, X11-RES
(0-1 mg/ml); —m—, X11-TP (0-1 mg/ml); ——, X11. RES, resveratrol; TP, tea poly-
phenols; ODg, Optical density at 600 nm.

the L. casei YRL577 + TP group exhibited the most significant
effect. Compared with the HFD group, the serum AST level
was reduced by 56-01 %, and the serum ALT level was decreased
by 54-20 % (P < 0-05), similar to that of the SV group.

The analysis of the serum biochemical indicators in Table 6
showed that compared with the CON group, the superoxide dis-
mutase and GSH in the serum of the HFD group were reduced
and the serum MDA content had increased (P < 0-05). L. casei
YRL577 4 RES had increased the levels of serum of superoxide
dismutase and the GSH and decreased the levels of MDA. The
L. paracasei X11+RES only reduced the level of MDA.
L. paracasei X11 4+ TP had effects on the levels of superoxide
dismutase and MDA. The L. casei YRL577 + TP group exhibited
favourable effects on the levels of GSH and MDA.

Effects of the probiotics and plant extracts on the SCFA
in the faeces

Compared with the HFD group, there was no significant change
in the acetic acid content in the faeces of the experimental
groups (Fig. 7). The content of the propionic acid in the HFD
group was significantly decreased, and the treatment groups
had increased the content of propionic acid (P<0-05). The
butyric acid content in the L. casei YRL577 + RES group and
the L. casei YRL577 + TP group was 2-:01-fold and 2-29-fold that
of the HFD group and higher than that of the other treatment
groups (P < 0-05). Futhermore, compared with the other groups,
L. casei YRL577 + TP group also increased the content of the
valeric acid (P < 0-05).

Effects of probiotics and plant extracts on the genes
in the intestinal bile acid pathway

Following 8 weeks of intervention, the levels of FXR in the SV
group and treatment groups were increased by almost 2-fold
compared with the controls, and the effect of the L. casei
YRL577 4+ TP group was most significant, with an increase of
2-5-fold (Fig. 8(A)). There was no significant change found
between the CON and HFD groups. Similarly, the levels of
FGF15 in the SV group and L. casei YRL577 + RES group were
increased by almost 2-fold, and the effect of the L. casei
YRL577 + TP group was most significant, with an increase of
2-8-fold (Fig. 8(B)). However, the ASBT level in the HFD group
also increased significantly and exhibited a 2-3-fold increase
compared with the control group. No significant changes were

Treatments began

Induction began

Body weight (g)

Time (weeks)

Fig. 5. Changes in body weight of mice in the different treatment groups. Values are means, with standard deviations represented by vertical bars. 224 Unlike letters
represent significant differences (P < 0-05). E=, Control; =3, high-fat diet; 22, simvastatin; B, Lactobacillus paracasei X11 + resveratrol; %, L. paracasei
X11 + tea polyphenols; ITT, L. casei YRL577 + resveratrol; B9, L. casei YRL577 + tea polyphenols.
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Table 2. Body weight, liver weight and liver index of the mice with non-
alcoholic fatty liver disease
(Mean values and standard deviations)

Body Liver Liver
weight (9) weight (9) index (%)

Group Mean sb Mean sp Mean sD

CON 25722 087 073 005 284 016
HFD 31.29° 1.46 1.20° 0.05 3849 029
SV 28.72° 091 0.90° 002 313 010
X11 + RES 29-.36°> 1.23 0.98° 0.06 3-35° 0-09
X11+TP 2956 1.22 093 0.02 315° 012
YRL577 + RES 28-.36° 098 0.90° 0.03 3.16® 014
YRL577 + TP 2849°> 127 088> 002 310° 012

CON, control; HFD, high-fat diet; SV, simvastatin; RES, resveratrol; TP, tea polyphenols.
abed Unlike letters in the same column represent significant differences (P < 0-05).

Table 3. Biochemical parameters of lipid metabolism for non-alcoholic
fatty liver disease in the serum (mmol/l)
(Mean values and standard deviations)

HDL- LDL-
TC TAG cholesterol cholesterol
Group Mean spo Mean sb Mean sb Mean sp
CON 3672 026 0-962 012 1.352 025 0-232 0-02
HFD 8819 072 2.11° 026 0-69° 019 1.55 0-11
SV 421 0.30 1.31b¢ 023 1.07°¢ 020 0-46°¢4 0.07

X11 +RES 479 037 165¢ 020 1.02¢ 020 0-61° 010

X114+TP  570° 053 1.48°¢d 0.25 0.98>¢¢ 0.25 0.529¢ 0.12

YRL577 4.45° 022 1.54°¢ 021 1.12°4 0.21 0474 0.09
+RES

YRL577 4.25° 0.39 1.24° 024 1.24° 0-24 0-34° 0.09
+TP

TC, total cholesterol; CON, control; HFD, high-fat diet; SV, simvastatin; RES, resver-
atrol; TP, tea polyphenols.
abedef Unlike letters in the same column represent significant differences (P < 0-05).

Table 4. Contents of total cholesterol (TC) and TAG in the liver
(Mean values and standard deviations)

TC TAG

Group Mean sD Mean sD

CON 1.282 018 2.372 0-26
HFD 2.18¢ 0-34 4.83° 0-56
sV 1.5620 0-25 2.622 018
X11+ RES 1.98%¢ 0-27 3.95° 0-57
X114+ TP 1.86%¢ 0-25 2.872 0-53
YRL577 + RES 1.95bcd 0-35 2.632 0-31
YRL577 + TP 1.77°¢ 0-29 2.632 0-36

CON, control; HFD, high-fat diet; SV, simvastatin; RES, resveratrol; TP, tea
polyphenols.

abede Unlike lowercase letters in the same column represent significant differences
(P<0-05).

found in the CON, SV, L. casei YRL577 + RES and L. casei
YRL577 + TP groups (Fig. 8(C)).

Discussion

In the present study, probiotics with plant extracts were used to
ameliorate the effects of NAFLD. The plant extracts were

screened, for those with a beneficial effect on alleviating lipid
deposition in the HepG2 cells. Then, we confirmed that no
inhibitory effect was found on the growth of the strains in vitro.
Next, the effect of L. casei YRL577 with TP was found to exhibit a
potential reparative effect on NAFLD in the mice than other three
treatment groups. In addition, the supplement of L. casei YRL577
with RES or TP also increased the content of the SCFA, particu-
larly butyric acid in the faeces. The relieve effect for the markers
of NAFLD action could be attributed to the activation of bile acid-
associated genes.

Lipid metabolism disorders were one of the main factors
associated with NAFLD®?. Probiotics regulated liver lipid metabo-
lism disorders and played a therapeutic role in NAFLD®®. Many
dietary natural compounds isolated from fruits, vegetables and edi-
ble plants were reported to prevent the development of NAFLD!% .,
However, there were few studies on the effects of the probiotics
and plant extracts on NAFLD. Reportedly, abnormal lipid metabo-
lism was a major cause of NAFLD®?, In the present study, two
plant extracts, RES and TP, were screened in vitro. They were
found to alleviate the accumulation of lipid droplets in the
HepG2 cells. The co-culture results indicated that RES and TP at
a concentration below 1 mg/ml had no significant effect on the
growth of L. paracasei X11 and L. casei YRL577. Thus, in order
to reduce certain factors stemming from the in vitro fermentation,
a combination of probiotics and plant extracts was used in the
NAFLD mice.

SV primarily inhibited the synthesis of endogenous choles-
terol so as to lower blood lipids. Therefore, it was selected for
the positive drug control. The present study found that high-
fat diets increased the levels of the TC, TAG and LDH-C and
decreased the level of HDL-cholesterol in the serum, as well
as increased the levels of TC and TAG in the liver. L. paracasei
X11 and L. casei YRL577 intervention with RES or TP had
decreased the serum levels of TC, TAG, LDH-C, and the hepatic
levels of TC and TAG and increased the serum levels of HDL-
cholesterol. It suggested that L. casei YRL577 with TP might have
a better effect on improving lipid metabolism than the other
three groups. The effect was similar to that of the SV group
and could be close to the CON group level. The haematoxylin
and eosin stains also showed that fat vacuoles in the L. casei
YRL577 + TP groups were improved, which was consistent with
the hepatic lipid results. In addition, abnormal lipid metabolism
usually produced a reactive oxygen species, which led to hep-
atocyte apoptosis®. L. casei YRL577 with TP had increased
the levels of GSH and reduced the levels of AST, ALT and
MDA. This result showed that the application of L. casei
YRL577 + TP prevented the liver injury and maintained the nor-
mal development and homoeostasis of the liver tissues.
Although L. casei YRL577 + TP could not be restored to the
CON group levels, the effect was not different from that of the
SV group. Studies have reported that supplementation with pro-
biotics and plant extracts could improve lipid metabolism, which
was consistent with the results of the present study?*27.,

Studies have shown that supplementation with probiotics
and plant extracts increased the concentration of the SCFA in
the faeces”®. Probiotics produced these SCFA by directly
decomposing the plant extracts or regulating the intestinal
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Fig. 6. Mouse histopathology liver sections (haematoxylin and eosin staining). Arrows indicate where fat accumulation occurs. CON, control; HFD, high-fat diet; SV,

simvastatin; RES, resveratrol; TP, tea polyphenols.

Table 5. Serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) content of the mice
(Mean values and standard deviations)

AST (Card) ALT (Card)

Group Mean SD Mean sD

CON 33342 514 18-352 3-59
HFD 95.61¢ 11.27 45.33° 7-89
SV 41.99° 5-28 26-23° 573
X11 + RES 55.53¢ 319 32.29¢d 216
X11 +TP 58.719 4.47  36-119 2.68
YRL577 + RES 48-39° 3-38 32.44¢4 2.08
YRL577 + TP 42.06° 1-89 20-762 0-91

CON, control; HFD, high-fat diet; SV, simvastatin; RES, resveratrol;
TP, tea polyphenols.

abcde Unlike letters in the same column represent significant
differences (P < 0-05).

Table 6. Biochemical parameters of the antioxidant properties in the
serum (nmol/ml)
(Mean values and standard deviations)

SOD GSH MDA

Group Mean SD Mean SD Mean SD

CON 166-422 1243 355-86 3442 0718 017
HFD 82.95° 911 218.04° 15.73  1.42¢ 0-14
sV 129-32®> 880 323.32° 2940 083 0-11
X11+ RES 84.71° 879 240-16° 22.71  1.27° 0-18
X11+TP 135.79® 14.04 24223° 2860 1.08°°¢ 0-22
YRL577 +RES 139-60° 10-84 34276 17.05 079 0-20
YRL577 + TP 87.06° 956 320-19° 2037 079® 020

SOD, superoxide dismutase; GSH, glutathione; MDA, malondialdehyde; CON, con-
trol; HFD, high-fat diet; SV, simvastatin; RES, resveratrol; TP, tea polyphenols.
abed Unlike letters in the same column represent significant differences (P < 0-05).

microbiota to use the plant extracts®”. In the present study, the
application of L. casei YRL577 with TP increased the content of
butyric acid in the faeces. Studies have shown that when the FXR
receptor-deficient mice were fed a high-fat diet, the abundance
of butyrate-producing bacteria decreased and levels of the
B-muricholic acid and deoxycholic acid increased significantly.

Ampho cholic acid and deoxycholic acid could be up-regulated
via the expression of inflammatory genes (CCL17, CCL20, CCL2
and TIMP1) to trigger NAFLD®®, This suggested that the thera-
peutic effect of probiotics and plant extracts on NAFLD might be
related to the bile acid receptor FXR.

FXR was highly expressed in the intestine and was a natural
receptor for bile acids®?. When FXR was down-regulated, the
FXR-mediated Wnt/B-catenin signal was weakened and unable
to induce the bile acid transporter gene expression.
Accumulated bile acids form lipid metabolism disorders®?).
The regulated FXR stimulated FGF15 synthesis®®, which accel-
erated lipid metabolism and regulated the synthesis of the bile
segment®*+3% ASBT expression levels were related to the intes-
tinal bile acid transport and homoeostasis maintenance®®,
which was beneficial for lipid metabolism. Numerous studies
have confirmed that the activation of genes in the intestinal
bile acid pathway reduces liver steatosis caused by a high-fat
diet®”3®_The present study found that a high-fat diet increased
the expression of ASBT and decreased the expression of
FXR and FGF15. The application of L. casei YRL577 with RES
or TP up-regulated the expression of FXR and FGF15 and
inhibited ASBT expression. This result might suggest that the
combined application of L. casei YRL577 with TP improved
markers of NAFLD by regulating genes in the intestinal bile acid
pathway.

Conclusion

The present study screened plant extracts that exhibited a ben-
eficial effect on alleviating the lipid deposition in HepG2 cells.
Furthermore, in vitro studies had confirmed that no inhibitory
effect on the growth of the strain was observed. The combinatio-
nof L. casei YRL577 with TP exhibited a potential reparative
effect on the NAFLD in the mice. In addition, L. casei YRL577
with TP also increased the content of the SCFA, particularly
the butyric acid in the faeces. These effects of improving markers
of NAFLD might be attributed to the activation of the bile acid-
associated genes in the intestine. However, the related mecha-
nism that involved has not yet been elucidated and will require
future research.
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Fig. 7. Mouse faeces results: (A) content of acetic acid, (B) content of propionic acid, (C) content of butyric acid, (D) content of isovaleric acid and (E) content of valeric
acid. Values are means, with standard deviations represented by vertical bars. 2229 Unlike letters represent significant differences (P < 0-05). CON, control; HFD, high-
fat diet; SV, simvastatin; RES, resveratrol; TP, tea polyphenols.
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Fig. 8. (A) Intestinal mMRNA expression level of farnesoid X receptor (FXR). (B) Intestinal MRNA expression level of fibroblast growth factor 15 (FGF15). (C) Intestinal
mRNA expression level of apical sodium-dependent bile acid transporter (ASBT). Values are means, with standard deviations represented by vertical bars. 20.¢4 Unlike
letters represent significant differences (P < 0-05). CON, control; HFD, high-fat diet; SV, simvastatin; RES, resveratrol; TP, tea polyphenols.
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