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Effects and Mechanisms of Lactobacillus Paracasei on the Prevention of Atherosclerosis
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Abstract: [ Objective] To explore the effect and mechanism of Lactobacillus paracasei (Lpa) on the prevention of ath-
erosclerosis. [ Methods] Eight—-week—old male ApoE™ mice were used to establish the atherosclerotic model, and the mice
were randomly divided into three groups: (D normal chow control group: ApoE™ + normal chow diet (n=10) ; 2 model
group: ApoE™ + western diet + PBS (n=10) ; 3) Lactobacillus paracasei intervention group: ApoE™ + western diet + Lac-
tobacillus paracasei (n=10). followed by histological evaluations of atherosclerotic lesion in aorta. Immunofluorescence
analysis was used to measure the cholesterol accumulation and cholesterol uptake of peritoneal macrophages. Western blot
was used to measure the protein expression level of class A scavenger receptor (SR—A) and class B scavenger receptor
(CD36).[Result] Intervention of Lactobacillus paracasei can significantly suppress the formation of atherosclerotic plaque
in ApoE™ mice, reduce the inflammatory reaction of arterial blood vessels, inhibit the lipid accumulation and cholesterol
uptake of macrophages, and reduce the protein expression of SR—A. [ Conclusions] Lactobacillus paracasei may protect
against atherosclerosis by preventing the inflammation of arterial blood vessels and the formation of foam cells by reducing
the protein expression of SR-A.
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Table 1 The sequence of primers

Gene Forward primer(5'=3") Reverse primer(5'=3")
ABCAI AAAACCGCAGACATCCTTCAG CATACCGAAACTCGTTCACCC
ABCGI CTTTCCTACTCTGTACCCGAGG CGGGGCATTCCATTGATAAGG

B-actin CCCCACTCCTAAGAGGAGGAT

CTCAGACCTGGGCCATTCAG
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Western diet—fed ApoE™ mice treated with Lactobacillus paracasei exhibited reduced atherosclerosis. Eight—week—old ApoE™ mice were fed ei-
ther a normal chow diet (NCD) or Western diet (WD) for 12 weeks. The Western diet—fed mice were further separated into two groups: a group receiving
daily oral gavage with live Lactobacillus paracasei (WD+Lpa), a group receiving daily oral gavage with PBS as vehicle control (WD+PBS). A and C
showed that the lipid content of aorta and aorta root section stained by Oil Red O (Scale bar: 100 pm). B: The lesion area in aorta and the size of athero-
sclerotic lesions in aortic root sections were analyzed by Image J software. Data are presented as mean + SD. Global significance among three groups was
determined by one—way ANOVA, follow by post hoc pairwise comparisons with Tukey honest significant difference. B: n=14, F=22.780, P<0.001, "P<
0.000 1 compared with NCD, ?P<0.005 compared with WD+Lpa, *P<0.05 compared with NCD. D: n=27, F=23.931, P<0.001, " P<0.001 compared
with NCD, ? P<0.005 compared with WD+Lpa, ¥ P<0.005 compared with NCD.

E1 BTFEIFE TR SESEEERRE S ApoE™ /NR BN EABISREIF AL

Fig.1 Intervention of Lactobacillus paracasei reduced the formation of atherosclerotic plague of Western diet—fed ApoE™ mice

2)

- — 2 - g 2) £ 2)

3 20 D 3z 3 D) z 4 515 1

5 — 5 s N 2

— ) 4 3 5

S 15 = =3 =J

E~ S~ 8= B =

g5 sg 3 &g £2g

SE FE zE 2l

] g = E g o] 23

< 5 2 1 <5 32

E E ] 2

g 0 A 8 o B c = D

NCD WB+PBS WB+Lpa NCD WB+PBS WB-+Lpa 3 NCD WB+PBS WB+Lpa E NCD WB+PBS WB+Lpa

Q
5] w

Lactobacillus paracasei. ApoE™ mice were grouped and treated as Fig.1. Global significance among three groups was determined by one—way ANO-
VA followed by post hoc pairwise comparisons with Tukey honest significant difference for B, C and by the Welch ANOVA followed by post hoc pairwise
comparisons with the Games—Howell test for A, D. A: n=22, F=12.597, P<0.001, " compared with NCD, P<0.05, ? compared with NCD, P<0.01. B: n=
21, F=5.629, P<0.05, " compared with NCD, P<0.01. C: n=21, F=9.825, P<0.001, " compared with NCD, P<0.01, ? compared with NCD, P<0.01. D: n=
23, F=25.489, P<0.001," compared with NCD, P<0.01, ? compared with NCD, P<0.001.
E2 BIFEIAFE TR WAk E 0

Fig. 2 The effect of Lactobacillus paracasei intervention on serum lipid levels
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Lactobacillus paracasei. ApoE™ mice were grouped and treated as Fig. 1. Global significance among three groups was determined by one—way

ANOVA. A: glucose levels were determined after feed, n=21, F=0.165, P>0.05. B: glucose levels were determined after fasting for 12 hours, n=20, F=

0.393, P>0.05. C: glucose tolerance test was performed eleven weeks after treatment with Lactobacillus paracasei, n=28, F=1.066, P>0.05. Data are pre-

sented as mean + SD.

B3 B FEIAE T maEsf20m

Fig. 3 Effect of Lactobacillus paracasei intervention on glucose metabolism
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Local inflammation in aortic arch was reduced in ApoE™ mice after oral gavage with Lactobacillus paracasei. ApoE™™ mice were grouped and treat-

ed as Fig. 1. The expression of macrophage specific protein was detected with antibody against F4/80 and visualized by immunofluorescent with Cy3—

conjugated secondary antibody. A showed that the expression of F4/80, x40, scale bar 100 wm. B: the positive—stained area was quantified by Image J

software and calculated as the percentage of total lesion area,n=20, F=20.228 , P<0.001, "P<0.001 compared with NCD,*P<0.05 compared with WD+

Lpa,’P<0.005 compared with NCD. Data are presented as mean * SD, n=6-8.
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Fig.4 The effect of Lactobacillus paracasei intervention on macrophages infiltration in aortic root plaque
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mice after oral gavage with Lactobacillus paracasei. ApoE™ mice were

grouped and treated as Fig.1. The expressing of macrophages specific protein was detected with antibody against a—actin and visualized by immunofluo-

rescent with Cy3—conjugated secondary antibody. A showed that the expression of a—actin, x40, scale bar 100 wm.B: the positive—stained area was

quantified by Image J software and calculated as the percentage of total lesion area,n=18, F=7.810, P<0.005, "P<0.01 compared with NCD, ?P<0.05

compared with WD+Lpa. Data are presented as mean + SD, n=5~7.
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Fig. 5 The effect of Lactobacillus paracasei intervention on smooth muscle cells infiltration in aortic root plaque
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The lipid accumulation of macrophages was reduced in ApoE ™ mice after treatment with Lactobacillus paracasei. ApoE ™ mice were grouped and treat-

ed as Fig. 1. A showed that the lipid accumulation of macrophages, X40, scale bar 100 pwm. B: the positive—stained area was quantified by Image J software.

Global significance among three groups was determined by one—way ANOVA, follow by post hoc pairwise comparisons with Tukey honest significant differ-
ence, n=18, F=24.778, P<0.000 1, " P<0.000 1 compared with NCD, ” P<0.01 compared with WD+Lpa. Data are presented as mean + SD, n=5-9.
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Fig. 6 The effect of Lactobacillus paracasei intervention on lipid accumulation of macrophages
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The cholesterol uptake of macrophages was reduced in ApoE™" mice after treatment with Lactobacillus paracasei. ApoE™ mice were grouped and

treated as Fig.1. A showed that the cholesterol uptake of macrophages, X40, scale bar 100 wm. B: the positive—stained area was quantified by Image J

software. Global significance among three groups was determined by one—way ANOVA, follow by post hoc pairwise comparisons with Tukey honest sig-

nificant difference, n=9, F=21.100, P<0.001, " P<0.01 compared with NCD, 2 P<0.001 compared with WD+Lpa. Data are presented as mean = SD, n=

3~4.
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Fig.7 The effect of Lactobacillus paracasei intervention on cholesterol uptake of macrophages
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Western blot shows that Lactobacillus paracasei intervention
changes the expression of SR-A in macrophages. ApoE™”™ mice were
grouped and treated as Fig. 1. Global significance among three groups
was determined by one-way ANOVA, follow by post hoc pairwise com-
parisons with Tukey honest significant difference, n=20, F=4.764, P<
0.05, " P<0.05 compared with NCD, ? P<0.05 compared with WD+PBS.
Data are presented as mean + SD, n=6~9.
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Fig. 8 The effects of Lactobacillus paracasei intervention
on cholesterol uptake related gene

expression of macrophages
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Treatment of ApoE™" mice with Lactobacillus paracasei had no ef-
fects on the cholesterol efflux mediated by HDL and Apo—Al and the
relative gene expression of ABCAI mRNA and ABCGI mRNA. A:
ApoE™ mice were grouped and treated as in Fig. 1A, cholesterol efflux
of macrophages mediated by HDL and Apo—Al. B: The mRNA level of
ATP binding cassette transporter A1 (ABCA1) and ATP binding cas-
sette transporter G1 (ABCG1). Data are show as mean + SD, n=4~5.
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Fig. 9 Effects of Lactobacillus paracasei intervention on
cholesterol efflux and expression of ABCA1
and ABCG1 mRNA of macrophages
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