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Effect of Lactobacillus rhamnosus on intestinal flora and serum factors in mice with nonalcoholic fatty
liver disease

ZHAO Xiangyun', LIANG Huijie’, LU Shifa®, YAN Houyu® (1. Digestive Endoscopy Center » Shanghai
Sixth People’s Hospital » Shanghai 200233, China; 2. Department of Gastroenterology . Jian ‘ou Municipal

Hospital)

Objective  To evaluate the protective effect of Lactobacillus rhamnosus GG (LGG) on high-fat diet-
induced non-alcoholic fatty liver disease ( NAFLD) mice, especially its effects on body weight. blood sugar, liver
pathology,and serum biochemical indicators. ,inflammation and the influence of intestinal flora. ~ Methods C57BL/6]
mice were randomly divided into three groups:standard diet group (Control group) ,high-fat diet group (HFD group) ,and
high-fat diet + LGG intervention group (HFD + LGG group). During the 12-week experiment,the mice in the Control
group and the HFD group received a standard diet and a high-fat diet respectively. The mice in the HFD+ LGG group
received LGG orally every day on the basis of the high-fat diet. The composition of intestinal flora was analyzed through
weight measurement, fasting blood glucose testing, serum biochemical analysis, liver histological examination,
inflammatory marker determination and 16S rRNA sequencing.  Results The weight of the mice in the HFD group
increased significantly (P <C0. 05),and the fasting blood glucose level increased significantly (P<C0. 05) ;the body weight
and blood glucose level of the HFD+ LGG group were significantly lower than those of the HFD group. Serum ALT,
AST.TC,TG and LDL-C levels of mice in the HFD group were significantly increased (P <C0. 05),and HDL-C levels
were significantly decreased (P<C0. 05) ; LGG intervention significantly improved the above indicators (P<C0. 05). Serum
TNF-a,1L.-6 and CRP levels of mice in the HFD group were significantly increased (P <C0. 05); LGG intervention
significantly reduced these inflammatory markers (P <C0. 05). The 16S rRNA sequencing results showed that the
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abundance of Firmicutes and Proteobacteria in the intestine of mice in the HFD group significantly increased, and the

abundance of Bacteroidetes and Actinobacteria significantly decreased (P<C0. 05) ; LGG intervention significantly reversed

these changes and restored the intestinal flora balance (P<C0. 05).

Conclusion Lactobacillus rhamnosus can effectively

alleviate liver damage and metabolic disorders in NAFLD mice induced by high-fat diet by regulating the composition of

intestinal {lora, improving lipid metabolism and inflammatory response. LGG intervention significantly reduced body

weight,blood glucose,serum biochemical indicators and inflammatory marker levels,and restored the balance of intestinal

microbiota,indicating its potential application value in the treatment of NAFLD.
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Fig. 1 Changes in body weight(A) and fasting blood glucose(B)
of mice in each group
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157 T Control 4H (8. 7240. 36 vs 5. 1840. 55 mmol/
L,P<0.05),
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1 AST(66. 94 +10. 80vs 83. 56 8. 06 U/L)/KF1y
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R1 BAF 12 AFDREGRLER

Table 1 Comparison of liver function indexes in each group at week 12

TiF 5 Control HFD HED+LGG  Fanova (22D Panova
ALT(U/L) 30.27+4.62 67.6147.27° 49.54+7.0177 84,921 <0.05
AST(U/L) 40.35%6.10 83, 568,06 66.94+10,80%2  65.133 <0.05

¥k Bonferroni B P {2 P<C0. 05, HFD 415 Control 41 ;% P <0. 05, HFD+
LGG 415 Control 41 852 P<C0,05, HFD+LGG 415 HFD 4 4,

2.2 MEARARMAEAR A4/ BRI SR EEE(TO) .
Hah =86 CTG) | & % B M 4 [ I [ BE (HDL-C) F %
% 5 BE 2R B & i (LDL-C) 9 K F W% 2. HFD 4
/N TC. TG 1 LDL-C /K ¥ i # & T Control 41
(P<20.05), 1M HDL-C 7K~ i 4% T Control 41 (P <<
0.05), HFD+LGG #H/NR#H TC. TG 1 LDL-C 7K
AR T HFD 44 (P <<0. 05), HDL-C /K¢ i % &
T HFD 24 (P<20. 05) . fBAF AR K & #| Control 4H/KF
(P<<0.05)

F2 BFAEE 12 BERKHEINEERLEER
Table 2 Comparison of lipid metabolism function indicators
among groups at week 12

3 8 Control HFD HFD+HLGG  Fanova (2:21) P anova
TC(mg/dL) 100542924 198,85417.49 " 157.97+12.30% 2 134.863 <0.05
TG(mg/dL)  80.70£12.19 142,35+26,99 " 120.35+11, 4472 29,043 <0.05

HDL-C(mg/dL)  58.81£3.64  38.94+4,73°  50.15+5.637 % 44,232 <0.05

LDL-C(mg/dL) 46,784,035 102,33+9.82"  71,08+9,047 % 119, 661 <0.05

1 Bonferroni 81 P f: = P<0. 05, HFD 41 5 Control 4 W&;A P<0,05,HFD+LGG 45 Control
ST P<0.05, HFD+LGG 415 HFD 41 1L %,

3 HHRFREESH

HE Z: 45 38§ 7~ , Control 20 JTF 40 27 45 49 1E %,
JH- 44t B HE 5 B 55, Jo I o AR Ak . HFD 20 40 240
AR T [ rRetal o et 0 1 S O A
JHO S BRAS [) i B2 1 ASCBRAE S M, 7 ™ Y I 07 T
FRE . HED+LGG 41 41 20 475 47 76 g 1 728 % Fn R
iE AR (0 HFD 4 &8 W08, SR e fb f o fy
JIT KA 35 43 40 B 285 R A O E R (L 2)
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x 40

2 BRAMRE 12 ARKEAL HE &

Fig. 2 HE staining of liver tissues of mice in each group at Week 12
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)i E R 2,000, 47(P<C0.05) . X T g i A8 v 7
43, Control 444 1. 01 +0. 48, HFD 4 . F JH & =
3.0540.55(P<C0.05) ,HFD+LGG H 52 M It B &
FEARZE 1. 96 0. 52(P<C0. 05) ,fHA] .3 % T Control
1 (P<C0.05), 4,5 Control A4 HL, HFD 4 i1 £F
AEAL T4 2 TF R (2. 04420, 54 vs 0. 5240, 21, P <<
0.05), 1 HFD+ LGG £H & 3 FE K (1. 01 £0. 26 vs
2.0440.54,P<<0.05),

*3 BFHNMRHEARE RBAEREZFFILR
Table 3 Comparison of lipid pathology scores in liver tissue of mice
in each group at week 12

I B Control HFD HED+ LGG  Fanova (2:27) P axvova
RIEWR  L07£0.35  3.0240.447 2,0040.47%4 124,262 <0.05
R ZEHETE 1.0120.48  3,0540.557 1.9640.52%4 100,124 <0.05
SRS 0522021 2.0440.54% 1.0140.26%2 125,821 <0.05
1 . Bonferroni &% 1F P fff. © P<C0.05,HFD 41 5 Control 4l thﬁ‘;ﬁ P<0.05,HFD+LGG
414 Control 41K 55 ¥ P<0. 05, HFD+LGG 415 HFD A K 4.

4 FFEEREE

AR A U5 W BE 42 B0 (Bligh-Dyer #) %)
A B/ U IEZH 24T 118 BT B B, 8 ) o R
& Control 41 \HFD # . HFD+ LGG 4 i§ i & & 43 5
4 10.54=+2. 33 mg/g.25. 83+3. 40 mg/g.18. 22+
2.71 mg/g. 1= MR KR W G T E i B B A
L0 LGG b 78 WA B T REARAR BT & &, SEI s
12 J&8 . HFD dH K FFERE B & i 5 Control ZH A1 H 8 3%
Hhn(P<<0.05), M3 LGG FHi)5, HFD+LGG 4
4 JFF I A I 2 = Wk 2 PR A 22 (P <<0. 05)  BLJ5 f 3%
& T Control 41 (P<C0.05),
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L(P<0.05),
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Fig. 3 Comparison of serum inflammatory markers and expression
levels of lipid metabolism and fibrosis-related proteins in liver
tissue among mice in each group

5.2 MHAZBRR#HALgEL MHMXEHEKIE
Western blot £ I /) 25 11 43 45 B8 8 8§ 40 ¢ &
PPAR-Y.SREBP-1c Fl FASN, ) K £F 4 4k A % & 1
TGF-3.COLIA1L Fl «-SMA(& 3), HFD 41 Ik
2k K14 8 2 5 T Control 44 (P <<0. 05) , 1M & g
KEM HFD+ LGG 41/ LR & 1 # KK P8 HFD
2 i AR (P <C0. 05) . fH A 2 3% & T Control 41 (P

<<0.05), 45 4,

x4 FBAMRDFMFAR P REREYRERKBH
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Table 4 Comparison of the expression levels of inflammatory markers,
lipid metabolism and fibrosis proteins in serum and liver tissue
of mice in each group

HFD HED+LGG

5 (n=10) (0=10) Fanova @20 P anova

TNF-q (pg/mL) 3.5240,55°  2.0340.40% 2 100, 211 <0.05
1176 (pg/mL) LO0140.62%  2.5040.52% 2 94,891 <0.05
CRP (mg/L) L50£0.717 2.83£0.617 4 138,662 <0.03
PPAR-y (HIXf % ik ) 30420547 L8I£0.41F 04 56,113 <0.05
SREBP-le (HIM &) 3.56+0.53°  2.03+0.43% 2 145,923 <0.05
FASN (iR %k ) 3.8240.63°  2.36+0.58% 2 53,922 <0.05
TGF- (HIx ik &) 3.0340.507  2.03£0.3% 4 19,121 <0.05
COLIAL (HM#kE)  3.81£0.68"  2.55%0.51% 2 134,332 <0.05
«SMA (Mt %k i) LO01£0.61%  2.8240.54% 2 104,703 <0.05

¥ :Bonferroni B 1F P ; © P<0.05, HFD 415 Control 4114 ° P<0. 05, HFD+LGG 45 Control
AU P<0.05. HFD+LGG 45 HFD 4,

DRy 5 2R R W L A N SRR AR M T T TE R
K (Genus) A 10 5 # 43 5 8 Lactobacillus |
Bacteroides .Clostridium | Prevotella . Ruminococcus
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Fig. 4 Top 10 dominant microorganisms at the genus level
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