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[(# ZE] B8 HiFT]Re (NaB) I§2H (LPS) BA D-ZI LI (D-Gal) 5/ RAEN
PO R VE AT, JF B ILAE AL . ke 30 SR B/ BRBE ML 5 S it B AL | AR 4 NaB 41,
B 10 Ko NaB /MR T 200 mg-kg '-d ' NaB, X B2 AR /N B TR BUC K . #ERLZH
H1 NaB 41/ BUBE s E 5 20 pg-kg ' LPS F1600 mg-kg ' D-GaliF S # 7 /N BUA T i1 . 6 ) 4% 41
JIN B RO R A, SRR 4. HE Ye €0 0052 25 20 /N BRURT IR 20 200 BB A8 3 0, 5] 4 A )
/NG PN AR EEEBRE (ALT) FMRINZ@AREZELEHE (AST) 1M KFIEA L B
ALY EALEE (T-SOD) Fdf bl (CAT) AN —E (MDA) /K, Western blotting 4 il
H AN LSRR T E2 MO F 2 (Nrf2) AL EMAR 1 (HO-1) HEAREKF. &R &4
ANEUR BT B 2 S T ge it L (P>>0.05) 5 Sxf B 2H oA, A2 /N U EFR B0 B oty (P<<
0.01); SHBIAIZ AL, NaB 4/ RFIEFE A BEEAIL (P<<0.01). HE QL @5, XF 41/ U R 20
BUEEAIE R, WA T o . R/ —3, FIGEh e i Bk 2 R B ST HES , ELAZ A T A e A
T AL/ BURT LA 40 M RS 2K AL, AnBE K, 2 & KRBT AN M IR A, 0 A0 IS K s SRR 4 L
B, NaB 41 FANETE 45 803, RER WA . 55X A g, SR/ B i+ ALT f
AST IEMH M B TF i (P<<0.01); SHEIAIA g, NaB 4/ B i ALT 1 AST 3 M 35 Bt B A%
(P<<0.058 P<<0.01). Sx§H4lbH, SR /NEMFIEA S H T-SOD il CAT iG] B L (P<
0.01), MDA K- & (P<<0.01); SR A, NabB 41/ RUFBE4140% T-SOD Al CAT i
¥R Ftes (P<<0. 058 P<<0.01), MDA K- RFEML (P<<0.01). Western blotting J:46 , 5 XJ FH 20
P, AR AL ZH /N BUFFE 20 22 b Nrf2 A HO-1 28 (1 3R 3k K 4 B B BEAR (P<<0.05) ;5 SBIAIAH LA,
NaB 41/ BUFIEZH 2 Nref2 fl HO-1 288 [ R B KCE I B A& (P<K0.01), 85#: NaB X LPS/D-Gal
S/ BB 2 A AR, HLHI T BE S5 NaB [ P JIE 41 20 h Nrf2 1 HO-1 25 11 26 35 Fi 3
I BT =R A A O TR R Y= AR & o S B
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Protective effect of sodium butyrate on acute liver injury in mice
induced by lipopolysaccharide combined with D-galactosamine
and its mechanism

LONG Yi', YOU Ziyi*, TAN Xiuying®, ZHANG Rou’, ZHANG Yuhan*, YANG Lina’
(1. Children’s Medical Center, First Affiliated Hospital, Hunan Normal University , People’s Hospital ,
Hunan Province, Changsha 410005, China; 2. Department of Nutrition and Food Hygiene, Xiangya
School of Public Health, Central South University, Changsha 410006, China)

ABSTRACT Obijective: To discuss the protective effect of sodium butyrate (NaB) on acute liver injury
in the mice induced by lipopolysaccharide (ILPS) combined with D-galactosamine (D-Gal) , and to clarify
its mechanism. Methods: Thirty male Kunming mice were randomly divided into control group, model
group, and NaB group, and there were 10 mice in each group. The mice in NaB group were given
200 mg-kg '-d ' NaB, while the mice in control group and model group were given an equal volume of
sterile water. The mice in model group and NaB group were intraperitoneally injected with 20 pg-kg ' LPS
and 600 mg-kg ' D-Gal to induce the acute liver injury models. The body weights and liver weights of the
mice in various groups were detcted, and the liver index was calculated. HE staining was used to observe
the pathomorphology of liver tissue of the mice in various groups; kits were used to detect the activities of
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in serum, and the activities of total
superoxide dismutase (T-SOD) and catalase (CAT) , and the levels of malondialdehyde (MDA) in liver
tissue of the mice in various groups; Western blotting method was used to detect the expression levels of
nuclear factor E2-related factor 2(Nrf2) and heme oxygenase-1(HO-1) proteins in liver tissue of the mice in
various groups. Results: There were no significant differences in body weights of the mice among various
groups (P>>0.05). Compared with control group, the liver index of the mice in model group was
significantly increased (P<C0.01). Compared with model group, the liver index of the mice in NaB group
was significantly decreased (P<C0.01). The HE staining results showed that the liver tissue of the mice in
control group exhibited normal structure, with clear boundaries of hepatocytes, consistent size, radially
arranged around the central vein, and the nucleus located in the center of the cells; in model group, the
arrangement of hepatocytes was disordered, the cells were swollen, there were multiple foci of
hepatocellular necrosis, inflammatory cell infiltration, and hemorrhage; compared with model group, the
cells in NaB group showed improved hepatocellular structure and reduced inflammatory infiltration.
Compared with control group, the activities of ALT and AST in serum of the mice in model group were
significantly increased (P<C0.01) ; compared with model group, the activities of ALT and AST in serum
of the mice in NaB group were significantly decreased (P<C0.05 or P<C0.01). Compared with control
group, the activities of T-SOD and CAT in liver tissue of the mice in model group were significantly
decreased (P<C0.01), and the level of MDA was significantly increased (P<C0.01) ; compared with model
group, the activities of T-SOD and CAT in liver tissue of the mice in NaB group were significantly
increased (P<C0.05 or P<C0.01), and the level of MDA was significantly decreased (P<<0.01). The
Western blotting results showed that compared with control group, the expression levels of Nrf2 and HO-1
proteins in liver tissue of the mice in model group were significantly decreased (P<C0.05) ; compared with
model group, the expression levels of Nrf2 and HO-1 proteins in liver tissue of the mice in NaB group were
significantly increased (P<C0.01). Conclusion:NaB has a protective effect on LPS/D-Gal induced acute

liver injury in the mice, and its mechanism may be related to the upregulation of the expressions of Nrf2 and
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HO-1 proteins and the increas of the activity of oxidant enzyme in liver tissue by NaB, thereby reduces the

liver oxidative stress level of liver.
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1.1 B34 EE2XAAME 30 HHEER /N
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W ARGRAR, i EF=VFaTiES : SCXK (i)
2019-001, NaB g F 3E[E Sigma-Aldrich 23w, L&
W& A K% % (alanine aminotransferase,
ALT) . RIT4 A M & % B 8 (aspartate
aminotransferase, AST) . & SOD (total SOD,
T-SOD) . A —.® (malondialdehyde, MDA) #l
CAT 5 & 240 T ut e A= ) TR BE 5B,
Nrf2 1l HO-1 1 F i 3% = J& A= W) 5 R A R A A,
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T3 E Abclonal A F], B 400 F s BOE R A9
HARABRA A . B IR T35t — 88T,
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HHREDRLR SR, A HROK, 12 hE/BETES . S 4
AN R R E 425 2, NaB /b R4 T
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TAERBIRK, FFEEETH. RRAZL1ha,
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L, AR/ N R IERE B, TS Bo= /)N BUIIE
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1.4 EHNEXEMEADKF P ALT A AST ER
RS /N BRUEE ST 6 h S SRR, R T IR 3K 4k B3k 7 ic £
ANEMEAREAS , Sy B, 2 A A &l W6
PRVE, RO 4/ BRam s o ALT FAST 36k
1.5 &MEwAEA ) ZIFBEAL P T-SOD F
CAT #HZ MDA KT  HAH/NEIFIEAL, #%
HEL 2 O L BIKS /I BRUFE A 20 20 5 93004 A B R /K TR
A4, 2500 remin "B 10 min, B EVE, RA
TR 7 A 4% 4H /N BROFFIIEZH 20 b T-SOD A1 CAT 1%
£ F2 MDA 7K,

1.6 Western blotting 4 ) &40 > AT I 4048
Nrf2 4= HO-1& & & A K-F BN T IE4 2
20 mg, WAL LEN . HiE T SDS-PAGE 47
B, UM EAREAMASMNERIFHD ., %
PVDF T 5% BEAR Wk b B0, 7+ T4 CF5—4t
E SR, ERBEE P 1~2h, ECLER, RH
Image J ¥ A% 43 #7265 1 5541 IR BE (B, LA B-actin 2 4
Z, IR EMEARBKE. BEAREKE=
H 8 254 K B/ N 28 1 4kl IR BEAA

1.7 %i#F 454 KA SPSS 26. 048 i 8 vt 17
it o3t o 25 4 /N B T & R IDEHE 20, 1 3 o
ALT FAST 36, HAFIE412% T-SOD A1 CAT i
PE K MDA KF-, JFJIEZH 20 Nrf2 F1 HO-1 85 11 3%
BTG IES A, UatsFm, ZHRKE
A PR R B R 28 05 2543 T, AL ) R A 2 5
P HL 3R SNK-g K 50 . DL P<<0. 05k 22 5+ A 42 it
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FRE N,

Control

X 20

X 40

B Wi 3

2 5 B

2.1 BAabREREAMERLE K4/ RIKT
HIEBRESH LG EE X (P>0.05), S5xH
41 b, BER AL/ BRURFRESR B Bt s (P<
0.01). SHAIL A, NaB 2/ BUIFIE$S %00
Bk (P<<0.01). W3 1.

R AL/ R R AT ISR 5

Tab. 1 Body weights and liver indexes of mice in various

groups (=6, 2+s)
Group Body weight(m/g) Liver index

Control 52.024+3.02 0.038+0.003

Model 49.88+2.89 0.074+0.010

NaB 47.09+2.36 0.0564-0.009"

"P<<0.01 ws control group; “P<<0.01 vs model group.

2.2 ZMIRAFBARKEHLESEA XA /N
BRI JUE 2 2L 285 /) T, A i s B e . R/ —
B, WG g K R ORI S HES , B T4
f b e ASEASZ /N BURT UL A0 M HE S AL, AN i
M, 2% MARIFAIMIIRBE , 40 4i i i3 i K .
SRR A, NaB 41 40 T2 25 45 4 15 1) 2l 3t
RAEIZI I o WA 1,

2.3 AR aE P ALT & AST#E B 5K
A b, BERVA /N BT T ALT F1AST 36 4 ¥ 1
WA (P<<0.01) ., H5BIAIA ILH, NaB 4/ R
I3 H ALT A1 AST i £ ¥ 0] B f Ak (P<<0. 05 5%
P<<0.01)., W32,

Model NaB

Bl1 HE BB MEE 4/ RATIEH SR BT SR

Fig. 1 Pathomorphology of liver tissue of mice in various groups observed by HE staining
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#2 KHA/MRMTES ALT M AST I H
Tab. 2 Activities of ALT and AST in serum of mice in

#3 HH/MFIREAL P T-SOD M CAT FH: K MDA KF
Tab. 3 Activities of T-SOD and CAT, and levels of MDA

various groups (n=6, s, 2,/ (U-L7H)] in liver tissue of mice in various groups (n=6, x+s)
Group AST ALT T-SOD CAT MDA
Group . . .
Control 7.5441.77 9.04+1.79 [A; /(U mg™ )] [A3/(U-mg™")] [cy/(mmol-g™")]
Model 38.514+6.56 106.66-+31.98" Control  460.94+77.59  670.764+68.11 212.39446.18
NaB 20.37+3.00"" 59.234+20.19" Model 308.86£56.15" 411.88444.70" 391.35£69.04"

*P<C0.01 s control group; “P<<0.05, ““P<0.01 vs model group.

2.4 &4 FAFREL L F T-SOD o CAT & B &
MDA K- 5XF MR i, BRI /) B IE 4L 2
o T-SOD 1 CAT & 4 ¥ B 8 FE L (P<<0.01)
MDA /KB B I (P<<0.01)., SHEAIAH H#,
NaB 41 /)5 BT IE 2 21 T-SOD HI CAT i 1E 24 B
FHE (P<<0.058% P<<0.01), MDA /K VB & F& ik
(P<<0.01), WL#3.
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Boactin e ————— 12 000 =0
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Control

NaB 446.00£69.20%  602.784129.99°"  221.93459.22°4

"P<<0.01 ws control group ; “P<C0.05, ““P<20.01 vs model group.

2.5 Z@AAFMEAL F Nrf2 o HO-1 % 4 & &
N R G I e
Nrf2 f1 HO-1 2 1 3 ik K F 35 ] & B (P<
0.05). AL B, NaB 41/ BUATF I 41 21
Nri2 fl HO-1 & [ R XK F ¥ 8B I & (P<
0.01)., WK 2,
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Lane 1,4: Control group; Lane 2,5: Model group; Lane 3,6: NaB group. "P<C0.05 vs control group; “P<C0.01 vs model group.

Bl 2 Western blotting ¥ & 241/ RAFAEH R Nrf2 1 HO-1 B HFEXHKE (A RE&XE(BFIC)

Fig. 2 Electrophoregram (A) and histograms(B, C) of expressions of Nrf2 and HO-1 proteins in liver tissue of mice

in various groups detected by Western blotting method
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JHF R A 98 45 35 PR A 44 N ST A RN G 0 T BN 7
A ERERZEEMN ., LPSIEN—FMp iR, o
S T MRS . D-Gal J& —Fh & L h, 2
046 20 L RNA R 5 & B 2 M9 i 22
—, A SRECF G . D-Gal ] 45 5 Pk H 5 58 I XS
LPS 4 75 2 1 0 B0k vk, 42 a0k Sk I 48453 10
RN KBRS R BN SR e, A
20 /0N B R H8 B0 W T, s T ALT FAST 3%
PERI W Th s, I A 25 R EK AL . IR AR R R
MR, S ST R R A s ) SRR
FbA, NaB 41/ BUFBEHE 500 0 fe i, H NaB 9] &
BT Tz B A IR BE R R E AN BRI . ALT AN

AST 2L LR 55 T R 2 (0] & SE 5 B i g, 24
AF4m B szt , ALT A1 AST py AT 40 B B e & 1l 7
o, S EUM T ALT MIAST W PE T & . AST Fi
AL [ I 375 376 M © 9 2 I 0 JHF I 20 2048 5 1) Rk
IR 2 = N = N~ =T I BV R R TR N
B8N, NaB T #iJ5, PG H LPS/D-Gal /N il
& o ALT R AST 36 45 B R BE MK, #2785 NaB ] 7
B2 it 2 MR I8 45

AN IS 2 I 1 R DD GG,
il S0 Ak 7 I TT BB R S I A & R T A T B
Jiti . SOD Y5 CAT MDA B oCHE, ¥t &
R bR H BB R A OR 4 A . MDA 2 Jig
it E A B B K ), MDA K SF AT #2718 P B & 4k
W R R . BFgT Y oR: NabB ol i 8 s it



TR i Z2 BRI G D-24 22 FURHE T /0 SRS TR 05 09 D37 4 ) BCHAL Y 1619

SRR e PR RO I 1L 2R SRR B R R . WFST
K. NaB 1 F A el 52 0ok 4801k =05 1R i A Ak B4
T 4t L SOD A CAT &8 Ht A AL B 05 v, W] i F%
fRIGPE4 (resctive oxygen species, ROS) FIMDA
Ko AMRER DR &3 NaB 110, & E
S LPS/D-Gal iy 2k JIF2 473 /1y B MDA K SF- T =5 Al
CAT J T-SOD {fi ¥k B A 9 1% DL 1% 5% . $27% NaB
BA PR N B M, A B T BR ROS, M
R VRSB A i e R

PrEALRE A PLEE B AT A, T kB
(nuclear factor kappa-B, NF-kB). UCERHE T E M 1
(silent information regulator protein 1, SIRT1) /
Nrf2. % 5 B UL EBE 3 ¥ B (phosphatidylinositol 3-
kinase, PI3K) -# H # B B (protein kinase B,
Akt) . Akt/X K HE & 1 O1 (orkhead box protein
O1, FoxO1) HINrf2/HO-1 %38 2 812 Kk,
o, Nrf2/HO-1 38 B4R A B 5 B 1 9 B B
PRGZ —, TERT LI G 32 F 0N A8 & 4%
KEEVER . fECRLW AR, Nrf2 78 2 (1 B 4K
DL Kelch # P50 & N % A1 56 8 11 1 (Kelch-like
ECH-associated protein 1, Keapl) ##i: )5 2 A i
Z R . ARSI, Keapl thOCHE
R Gk B LM, IR A T Nrf2iZ Rk,
Bra U Nrf2 /] LR B0 56 8 R A % b, SR
JEE £ 4 A 25 1 (musculoaponeurotic fibrosarcoma
protein, MAF) &R, IR Y 3N
BY5E 5% o Nrf2 ik Z 25 im0 s th ROS 1Y
LB Y Nrf2/HO-1 15 5 1% 546 22 B0 I IE 52 9 b 1)
RAEAE O R SE , AL AR TR Pk B 7 PR S . g
K P IV 99 R e It P T 5 45 . TANG 4§
WF5¢ % BL: NaB il i fie 2 B & B g 3 38
(glycogen synthase kinase-33, GSK-38) /Nrf2 {55
% A AORLAR DI RE L Bk i DR S I R
B S A L. LUO S5 7 BF 5k B NaB il i
G HE {1 B2k 43 (G protein coupled receptor 43,
GPR43) /B 4 il & H 2 (B-arrestin-2) /#% B F
(nuclear factor kappa-B, NF-kB) {5 5 i # # 70 hi
D RGE RN, W R T LPS WS . A
R R WoR . HXFIEA s, 20 /N BT
JIE 20 28 v Nrf2 Al HO-1 28 11 3% 3k K O B 5 B A
NaB T 1l 8] & I8 Nrf2 flHO-1 8 1 %3k .

L5 BTk, NaB X LPS/D-GalN i 5 (/8 L2
PENF 05 B R VE T, AR JHBLH AT BB 5 NaB

b E R 2H 20 v Nef2 F1 HO-1 88 [ 28 35 F /20 JiF e
A, PR NPT A A BN TR DR

PR R

JIv A AR 5 7 WA A ) 2 o 2

fEEREAEN:

EBRSHHTEBIT . LR R AE SRS, T
0S5 LM B lEmMGE ¥ 0, BEXRS S50
FEBLTF AN A ], TR SRS S S R AR N SRS
R, REEIS S5 LR MR R R, iS5 0
FEBETE . S 4 A A SO AL
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