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Probiotics reduce nonalcoholic fatty liver disease in rats fed with high-fat diet through the intestinal
microbiota/Nrf2/HO-1 signaling pathway

LI Wenjuan,PAN Meimin, LIU Yangzhen, HE Juan, CAI Chunlin (Infection Department of Changsha
First Hospital sChangsha 410005,China) ™"

Objective To explore the regulatory effect of probiotics on intestinal microbiota in rats with nonalcoholic
fatty liver disease (NAFLD), and to explore the possible mechanism of probiotics regulating Nrf2 / HO-1 signaling
pathway in rats.  Methods A NAFLD rat model was established by feeding high-fat diet (HFD) for 14 weeks, and
different interventions (312 mg/(kg » d) probiotics or 10 mg/(kg * d) atorvastatin ) were performed. Serum lipids and
total bile acids (TBA) were measured by corresponding kits. Hepatic steatosis and lipid accumulation in rats were
detected by hematoxylin-eosin staining. The protein levels of Nrf2 and HO-1 in rat liver were detected by Western blot.
RT-PCR was used to detect 16 S rDNA, and the changes of intestinal microflora in rats were analyzed.  Results

Hematoxylin-eosin staining showed that the structure of hepatic lobules in the control group was clear and complete
without lipid infiltration. The HFD group had obvious steatosis, fat bubbles, hepatic cord structure disorder and
inflammatory cell infiltration. Hepatic steatosis and inflammatory cell infiltration were significantly reduced in HFD-P and
HFD-A groups. The results of NAS showed that the liver inflammation in the HFD group was more serious than that in
the NC group. Liver inflammation was significantly improved in HFD-P group and HFD-A group after treatment.
Compared with the HFD group, probiotics and atorvastatin significantly reduced blood lipid and TBA levels. Probiotics
significantly increased the expression of Nrf2 and HO-1 proteins in the liver. However,there was no significant change in
the atorvastatin group. Probiotics and atorvastatin can up-regulate the diversity of intestinal microflora in NAFLD model
rats and down-regulate the abundance of pathogenic bacteria.  Conclusion Probiotics alleviate NAFLD in HFD rats by

regulating the gut microbiota / Nrf2 / HO-1 signaling pathway. These results suggest that probiotic treatment may be an
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effective strategy to improve non-alcoholic fatty liver disease.

GG | probiotics; gut microbiota; Nrf2 / HO-1 signaling pathway; nonalcoholic liver disease

4 W K5 M IF 98 (Nonalcoholic liver disease,
NAFLD) J& 4= B0 1 B U AL 753 18R oK o
HAE F R A e LAY 35 Y ESY . NAFLD AR F 5 4F
FIE R G 14 952 05 (LB ok B 22 9 IR 45 3R W . NAFLD J& —
T Z2 DRV 6 5 I e S8 IS B L v ol R DB PR
T, SR NAFLD #9 & R AL 1t A 58 275
FE PRk = A S 25 R T .

IR il B 4R R IR Y NAFLD /) — Ff
AIREJ LS L R RO A S B P A AR R AT
% 2 ML T 2(nuclear erythroid 2-related factor 2,
Nrf2) @A IT . Nref2 J&—Fh Ak 1 B 5 i 5
S A B Z R 40 OR AP B T IR AR . D3 A, Nef 2
HEE S 2 B R L S B 4T E A 1 (Heme
oxygenase 1, HO-1) fl NAD (P) H-fi % 1k if J5{ il 1
(NQO 1) By &y 23k , 3 4 ] 48 i A1 481k 07 38
B, R AT S A X AR A R I TR AR YR T R
W 3897 NAFLD,

i A TR AETE T 15 77 ZL I 5 o i 06 AR ) L A fi
RERIPG & 45 5 B L EERMEHTY . — W &
B, %5 4E T s NAFLD 8 i BF 31405, oo 3% i o)
RES . R A T AT LAV Y i 1 A R L B OR i 18 BT R
e PR g RGO A R A A A AR U R A IR
TR AR ok kO DE B B AR MY, A Bh T ok
NAFLD B fJ . A0 58 & 16 50 4 242 B A Nrf2/
HO-1 {5538 & 59 5% 0 . 4 55k NAFLD 3 893697 7
T4 A P N S S AR B

MBETE

1

1.1 S%&sH4 24 H SPF g Sprague-Dawley
(SD) K, & 160 ~180 g[ ¥ il iE 5 SYXK (F)
2023-0041 1,1 HVLIE = AW RHECA R A A . K
TE TR AR 1R (22 °C L 12 hot/BE WD M 3%, A
PAFRUERE DRI . T sl e B 2 Ky i 26
— BERE AR B2 By s v A IS A (S [ ] S T AR
5 BE S 56 sh W 4 RS 46 R ) RO d8 07 B EAT

1.2 FZXANAMNE  EIERILE R Gt
S E 2T H10940114) W [ 58 16 4 5 245 Mk 4R A i
I AEBRAF (P ED, Bl =T (triglyceride, TG) | JH
i (cholesterol, CHOL) |, 1§ & 2 & Xt # % W
(alanine aminotransferase, ALT) , K& QMR A Wi
fiff Caspartate aminotransferase, AST), & % E R &E H
(high-density lipoprotein, HDL) .k % FF g & H (low-

density lipoprotein, LDL) Fl & lH y1 FR (total bile acid,
TBA)AE ELISA il & ¥ A b st R £ RHHA R
oA (P ED . Nrf2 BsgBEHTIR  HO-1 B0 5w B T K Fil
B-actin HLFEREHUARE H Abcam A F (G ED ,

2 Fk

2.1 #H#iX% 24 HlfErE SD KEBEHL> M 4 41 . 1F
R IR X B 2H (ControD) | (i AR M 3% 41 Chigh-fat diet-
fed, HFD) .= ig MR 5% + 25 2E B IR 7 41 CHFD-P) #1 i
JEME %+ BT FE AR AT (HFD-A) 3R89, B 6 H, bl
FEhAh 7T BE B 3% NAFLD f 3% i 1 iR 5 %, JF e 3%
NAFLD, [, BFEAR AT 1F G 97 X I 259, F 5
T A IR ITAE LU . KRERIE# SR (% 10 Y keal A5
A LAD0011) 8 HFD(% 45% keal J§ A9 TP23000)
6 J&J5 . Control 40 #1 HFD 445 ¥ /E B $h /K, HFD+
P KR4 F 25427 312 mg/(kg « d),1 R/d, 4L 8
JAYTE IR HE A (107 BB MR /) s HFD
+ A AR EEE L RMIT 10 mg/(kg « .1 & /d,
Hek 8 JH ., EIERILFF R A BRI R (0.5 @),
3W/d. H# s AR R 50 me/ (kg » . KR
B SRR R NG 6. 25 5. BRI . A UK R 1 25
AT 312 mg/ (kg « ). [RIVE TS BT HE Ao 7T K BL#E
Bl 10 mg/(kg « d), 14 G EREERRBE T R
K FRUE 0 IR I 43 5 109 25 FH . [ R SR B T R A%
iR e iR

2.2 Adeiewl BOK UL L 8 a5 s A R & o
SIS I fn 3% TG, CHOL, ALT, AST, HDL, LDL i
TBA &,

2.3 FmagsmREFhd HREFHALHE 1% F
PEZE b H S P [E € 24h J5 U0 AL R O oK RS-t 40
(hematoxylin-eosin, HE) %, , 7 g fill 5 T W 25 iF 41
U IR W . NAFLD 36 PE PP 43 2 R 4 0 72 B 1
o mIPAGFE bR . AR HE A0 A AR S M (0~ 3) L/t
RAE (0~ 3) FAERFEAE (0~ 2) Ay AL A 3158 NAS.,
HR4E NAS, # NAFLD 734 “34E NASH” (NAS<T3),
“Hh% NASH”(NASH=3~4) FI“B#f NASH” (NAS
=5~8),

2.4 miEmAmBEAN BOKRIEMEEHE 20N
A. ®Stool DNA 7| & B DNA, #i  B 1. LU
PHUE DNA A PCR §73% 16 S rDNA %: A 1
V3-V4 @& A8 X, 5l ¥ A 341 F (5'-CCTACGGGN
GGCWGCAG-3") #1 805 R (5'-GACTACHVGGG
TATCTAATCC-3") ., KR FEIF:98 CHIER A 30 s5
98 “CZEME 10 5,54 “CiB &k 30 5,72 ‘CHEAf 45 s, 3L 30



o 44 e

T E R ORAE Y F L
Journal of Pathogen Biology

2024 AE 1T A HE 19 B 1
Jan. 2024, Vol.19,No. 1

AEFR 372 °C FHEE 10 min, PCR =¥ Z& L1541 &
YA EIAE NovaSeq PE 250 P& L ¥ I #47 EW1E
B 2R 5 B AR 5 A 4% 78 0 (Shannon) Al 37 35 2§ 75 4L
(Simpson) & 4t B 5381 K BB B AR o« 28
PR 5 R B T8 AR W) RE Y 22 S PR T R o A
(Principal Component Analysis, PCA) F1 3= A& ¥5 43 #7
(Principal Coordinate Analysis, PCoA) #F 4743 2%, 4>
Bl il U E R B ZREE .

2.5 R Nrf2 A= HO-1 Z & #nl K H Western
blot J5 k. i & 2 7 82 0k ) & K U 2L R
H . BCA SN E & A & i, SO P28 1020 SDS-
PAGE k5§ # % PVDF B b, & 5% BEAE 3L AY
TBS-Tween 20CTBST)EfH 15 Il AARRL—HE (43 51 4y
Nrf2 B3z SR \HO-1 B 3E YA F B-actin 537 R
PUk BN 12 500004 CMFH R, Yk A
HRP $ric th FE 404 1gG (1 : 50000 2 HRP #7ic th F
HLR B IgG(1 = 5000) EHIFEF 1 h, ek, B iy &
Y (enhanced chemiluminescence, ECL) i 4 il 25 4 it
ik I Odyssey Fe(LI-COR k(5 5

2.6 Rt FaH R SPSS 26. 0 B HEAT ST F
ST o OB 2 LU 0 BR i 2 (o ) R
71N AL TE] FVE N L R T B R R O 22 00 L OF i AT
Dunnett’s #2535 . 04 9 4 A0 G 43 BT 5086 R R 344
AT AT AR, P<<0.05 NZERHASIEE L.

g R

1 ZEFEMNBERX|FSH NAFLD KREET K
B % M

WIS 6 J8, m sk E KEIAE S Control 414H
LEBE AT 3G AR 22 5 B G2 8 L (P =0. 44) ;5 10
JEIFNSE 14 JH A, HFD-P 41 f1 HFD-A 4l k& 5 HFD
YAH LIS TR AR TG 2= B L GE 10 Ji,P=
0.34;% 14 &, P=0.42)(F 1,

£1 SAKRMEEETE(xLs,g)
Table 1 Changes in body weight of rats in each group(x *s,g)

il 0 6 J&l 10 J& 14 R
Control 41 201.7+17.2 378.7+23.1 444.5+33.7  467.8+44.1
HFD#4  203.9220.1 405.5+25.0 456.24£27.1  475.2429.3
HFD-P4  206.9219.4 386.7£16.8 409.6+23.9  422.3%+31.1
HFD-A %4 204.6+21.8 398.7+27.6  428422.9  444.7431.3
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A rat liver picture B rat liver histopathological changes (HE
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compared with the control group; P <C0. 05; b Compared with HFD
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Fig. 1 Effect of probiotics on pathological changes of liver tissue
in HFD-induced NAFLD rats
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Table 2 Comparison of biochemical indexes of rats in each group

LE Control 4] HFD 41 HFD-P 4 HED-A 4]
ALT (U/L) 504 £ 4.2 221.6460.8°  161,8440.5"  167.1448.3"
AST (U/L) 133.4£20.1  362.8475.4%  288.6442.2"  267.8457.3"
HDL (mmol/L) ~ 0.45+0. 06 0.4240.08 0.47+0.11 0.43£0.05
LDL (mmol/L)  0.1640.03  0,43+0,11°  0.34£0.09 0.4540.07
CHOL(mmol/L)  1.3240.18  2.274+0.43*  1.98+0.42"  2.17+0.16"
TG(mmol/L) 0.35£0.05  0.55+0.12*  0.36+0.06"  0.3240.07"
TBA(mmol/L)  21.84+10.01  66,28+19.8°  31.4246.01"  42.69+9.87"

12 5 Control # 4, P<0.05;b 5 HFD # 4, P<0. 05,
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0.05) (& 2A-C), 4 1 KB B WA W e ) 22 R ki
it PCA fl PCoA Jr itk 47 4328, 45 R A&l 3A-B) , 4
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Fig. 2 Effect of probiotics on improving intestinal microbiota
imbalance in HFD-induced NAFLD rats
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Fig.3 Effect of probiotics on improving intestinal microbiota
imbalance in HFD-induced NAFLD rats
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B 4 iR E T NAFLD X R EFBE Nrf2/HO-1 & 2% 89 5 1

A Western blot analysis of Nrf2 and HO-1 in the liver of NAFLD
rats B The box plot of Nrf2 expression in the liver of NAFLD rats
C The box plot of HO-1 expression in the liver of NAFLD rats (a
compared with the control group, P <<0. 05; b Compared with HFD
group, P<C0. 05 ).

Fig. 4 Effect of probiotics on Nrf2 / HO-1 pathway in liver
of NAFLD rats

i

NAFLD 5] HL A F AL -H0 S A AR S R A, 5 Bl
PR T it Sk RN AR AR R ) T AR BT O AR Ak K F R
AV 7155 B ok ok A A Tk A6 0 I L A 0 1 R A R
JRBEIAR SN AHIF I AR AG A B 2 B L 25 A T AE T
Bl AR Y NAFLD b g/ AL o] B 5 50 %A Ak Nrf2/
HO-1 {5538 J 10 3005 25 V1A ¢ 1 A5 5 38 % 0 99 bt
A AL 7K ST I 0 B B 0T 3k SR Ak B DA 4t R - B Ak
A [ B R i i 7K ST B 2 D R L

e PR 1 20y 4 S 560 E P 5 25 28 B AT LA o3 i 3 R
YRR S A A T S . BT E A 2R R 25
AW T NAFLD J& 97 G ZLAT 3 SO FF 3 . L
) 2 A 45 A e Ul K P TR A s A P R D
/0 JFF U 98 0 A0 R 55 o 3 R M REDT L AR BF Y B AR
I i 2E T (V8 TR L FF B T 380, LA VA B A W B/
Nrf2/HO-1 %k, 3f ok 3% HFD ¥ 5 9 KX B NAFLD,
XU AE ¥ Ry i A B — T R B S T R T
NAFLD & fit 52 46 5 fitt

AT 5T B W R KRR 6 JA L #E a7 NAFLD K i
W 5 Control AAH L, HFD 41 1ML ALT, AST,
TG.CHOL F1 LDL 7K F & » HDL 7K F &K, TBA
T ETE . HEURE KA Control 4 7E R/
I &5 440 15 A 52 3%, JC AR R . HED 4145 B & 19 i i
AP S W F R A AL R M R R



o 46 .

T E B R AN F R E
Journal of Pathogen Biology

2024 1 H
Jan, 2024,

5519 5 1M
Vol. 19,No. 1

NAFLD K KU A A iR 25 6L, 5 HEFD
AR, HFD-P 44 #1 HFD-A 41 KBl iE ALT . AST,
TG.CHOL,TBA.LDL &% HDL /K7 & % 2 1k,
F W 25 A T AT 25 25 W B R AP I E 98 1 B ot A
JIELTF 1R AR B A

W oE 208 L BRI RRAC IS5 NAFLD S,
JR R 2 B AR 550 - 2 SRR AR A Re AR
T o JEARG B0 RS0 JE 28 B0 AR L R e W
A BRACH S UI A OC  E IEE RRAC I R AR
B K i 25 A BT IR L 1 U B IE T R B R R O o e B
Mt ABEEE T T 4 K U I A W R R A A
FETTKSFE b HED 21 09 ST B 3 B8 1 o, 4% 1 = 132
b, HFD-P A1 B>, HED-A 4 075 1]
W, AERRIKE b, b ok R B R 5 BE AR HEFD 41,
HFD-P 41 fl HFD-A 41 3 />, Wt o 90 o B =F B 4
HFD-P fl HFD-A 413§ in, 3R W 45 A= & A 0] 46 £
TTA] 198 NAFLD 8 8 K BUl 18 04 W0 B 00 2 4 1
T VR EORS B S 0 P A G A

AR IR ST T HUEALHLEI7E NAFLD Ho ) 22
PESS ML B BN R R IE T NAFLD () %8 76 8 4
AT, Nrf2/ HO-1 {5538 P& AE S — Fh b 2 4k i i
fE NAFLD 3 J& rp & 45 8 2 4E F 33X Bl o 2 i i
BIT RIS AW ST 25 AR IR YT BT T Nrf2/HO-
1 oAb 2 Al K B 3 4% ek % . s 03 ) e e A5
F ik #  NAFLD 15 3] 2# ,

i 42 X NAFLD K BUE A RIER, HiR 7
FE T HED KRR JF IR o5 22 453 05 A it B 7K 5 8
BT RRE M AR YE, R A B Nrf2/HO-1 3@ B (19 36
P R 0 2 i 0 A A O R O R R o R R AT . R R
XF NAFLD fy bR Gr HL i ol s i b8 b 3 Uk 9
B /Nrf2/HO-1 {5 53 B 15 Pk B A i B 7K, 2l i
JIFE £ 27 95 L 2 AR

(5% %]

[0 XBBASE, 5 1wl B, b 3, 45 Gl A 245 ol 700 o A I 32 08 18 35 i L
HEAS P D) RE B SR RE S LAY 5w [T . ob [ R A 2 AR S
2018,13(4) :408-412.

[2] Konerman MA, Jones JC, Harrison SA. Pharmacotherapy for
NASH :Current and emerging[J]. J Hepatol,2018. 68(2):362-
375.

[3] Kasper P, Martin A, Lang S,et al. NAFLD and cardiovascular
diseases:a clinical review[]]. Clin Res Cardiol,2021,110(7):921-
937.

[4] Mak KK, Zhang S, Chellian J, et al.

nonalcoholic fatty liver disease in diabetic mice via lipogenesis

Swietenine alleviates

inhibition and antioxidant mechanisms[ J]. Antioxidants (Basel) ,
2023,12(3) :585.
(5] PBKI%. FE et 2203, 5. T3 v 11X o J 4 i 05 1R le 3 i

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

A MR T 0 R R S R [T ). v [ 2 3 A 5 T 3 A R
2023,37(1) :47-53.

FEA S B, T UK. g A T X Sl A 1 T U S 3R 9T X
DREm 2], b AR 2 2 22, 2023, 35(7) :821-825.

Lee ES,Song EJ,Nam YD,et al. Probiotics in human health and
disease; from nutribiotics to pharmabiotics[J]. J Microbiol,2018,
56(11).:773-782.

Kim SK, Guevarra RB, Kim YT, et al.
human gut microbiome-associated diseases [ ] ].
Biotechnol,2019. 29(9) :p. 1335-1340.

Zhou Z,Chen X, Sheng H,et al. Engineering probiotics as living

Role of probiotics in
J Microbiol

diagnostics and therapeutics for improving human health [ ] ].
Microb Cell Fact,2020. 19(1) :56.

WEHETE HE eV, SEI0 ) e i 1 T TS RS P R U R 0 5
ity R LT, SR E AL, 2023,40(1) . 87-92.

Bron PA, Kleerebezem M, Brummer R]J, et al. Can probiotics
modulate human disease by impacting intestinal barrier function?
[J]. BrJ Nutr,2017.117(1) :93-107.

Raheem A, Liang L, Zhang G. et al. Modulatory effects of
probiotics during pathogenic infections with emphasis on immune
regulation[]]. Front Immunol,2021,12:616713.

Natividad JM,Lamas B,Pham HP,et al. Bilophila wadsworthia
aggravates high fat diet induced metabolic dysfunctions in mice
[J]. Nat Commun,2018. 9(1):p. 2802.

Abdelmalek MF. Nonalcoholic fatty liver disease: another leap
forward[J]. Nat Rev Gastroenterol Hepatol, 2021, 18(2) ; 85-
86.

Kobyliak N, Abenavoli L, Mykhalchyshyn G, et al.

strain probiotic reduces the fatty liver index, cytokines and

A multi-

aminotransferase levels in NAFLD patients: evidence from a
randomized clinical trial[ J]. ] Gastrointestin Liver Dis,2018,27
(1) :41-49.

Kobyliak N, Abenavoli L, Falalyeyeva T, et al. Efficacy of
probiotics and smectite in rats with non-alcoholic fatty liver
disease[J]. Ann Hepatol,2018,17(1):153-161.

Zeom il BT 8 - B -FXR B s P 2 4y B O GC
TR IT AR TR E B U5 M I 48 0 s80n ML (D bl . b b B 2K
2,2023.

Jiao N, Baker SS, Chapa-Rodriguez A, et al. Suppressed hepatic
bile acid signalling despite elevated production of primary and
secondary bile acids in NAFLD[]J]. Gut, 2018,67(10);1881-
1891.

Chvez-Talavera O, Tailleux A, Lefebvre P,et al. Bile acid control
of metabolism and inflammation in obesity, Type 2 diabetes,
dyslipidemia, and nonalcoholic fatty liver disease [ ] J.
Gastroenterology,2017,152(7) :1679-1694 e3.

Gonzalez FJ, Jiang C. Patterson, an intestinal microbiota-
farnesoid x receptor axis modulates metabolic disease [ J].
Gastroenterology,2016,151(5) :845-859.

Carbajo-Pescador S, Porras D, Garc a-Mediavilla MV, et al.
Beneficial effects of exercise on gut microbiota functionality and
barrier integrity, and gut-liver crosstalk in an in vivo model of
early obesity and non-alcoholic fatty liver disease[ J]. Dis Model
Mech,2019,12(5).

Gonz lez-Regueiro JA, Moreno-Casta eda L, Uribe M. The role
of bile acids in glucose metabolism and their relation with
diabetes[J]. Ann Hepatol,2017,16(Suppl. 1:s3-105.):16-21.

Liu W, Baker SS, Baker RD. Antioxidant mechanisms in
nonalcoholic fatty liver disease[J]. Curr Drug Targets,2015,16
(12):1301-1314.

(R EHEY 2023-09-07 [EEABAHY 2023-11-25



	2024-01

