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ATPR iliid 12 F F1 Wit 2% i i 2 8505 S0/ D i PR i 405

FALH TR R E A

FE B WS 45 2= P B R TR (AT-
PR) X5 245 (LPS) %55 CSTBL/6 /N B 20 JIF 458 195 1 5% 1
FARHUR, ik 6 iR pyHEt: C57BL/6 &/ 15 R
FEMLIY S R IE 20 A4 R0 ATPR 4., ATPR 26/ B B
5 ATPR[ 15 mg/ (kg - d) |, IEH RIS BRI 25 TR 7, 7
ZEUEE 1 AT AR ATPR ZH 0 6 10 5 LPS(6 mg/kg) ,
6 h JGALFERTAE /N, RIS BRI 3 T A TR AL & ( ALT) Al
BB E MG (AST) 8 qPCR AR AT I 41 28 14 40 Jif A 25-6
(IL-6) SRR e F-o (TNF-o0) B mRNA 7K ; 95 A K -
PPLL(HE) Je iz /N ST IR 4L U 2284k iE Sl T 5
% (TEM) RS /) BRI 200 I 68 1 45 48 22 4k ; Western blot 46
M2k AR 451 45 4 5 25 11 FUNDCI ., OPAL Fll [ W AH 2 26 B
LC3B P62 Beclinl ATG5 WJFRAKF, &R HiE®HM
Lo AR ZH /NBLIL TE Hh ALT (AST & & B F+ IFEZH S 16,
TNF-o i mRNA 7K b5, ATPR 2 30 #5 3x — 28 fk, HE 4%
0 57 TR 2/ BRUFE /N 85 4 T 8 IR S AR HES T, T
T ML 2 P 200 3 A0 i A v B s AR 4 /DN SRR E 4
JHL T B 348 O, PR HE S e A L, M 3 5 4 40 IR i s ATPR
LR A ARIE] B R G54 BTk &2, & PR Al iR g 45 /0
TEM 7R 55 15 % 4 AR L, B8 41 /)N B 41 i v 37 403 28
FIAE T HE AL, ATPR 2/ BRI 40 i o 2ok R T8 S A i i
MR T IEH . Western blot 78 5 1E % 4LAH b | A 24
/NRJFFIEL £ FUNDCL 25 1 3R3AHE 2 OPAL 3R A
A LC3BI A LC3B I AL (LC3BI/ 1) FI%, P62 H %
K2 Beclinl Fl ATGS 2 3R iAW />, ATPR ¥ % LI
fb, G518 ATPR 5 A 3F W22 A g 22 1 5 R 19 /0N B
F=Xamint /i
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A& Z B (lipopolysaccharide , LPS ) J2& &5 % [ 4 21
T 20 L BE S BE Y 2 R, R I I 1) R A
FENm PR bR BE M5 G T O 2 B H Wy 2 e e
Z— M IMAE T3 2 48 B T RE R AT 0 — Fh K
T AR A B A A P R A
TV AR AR B 2H 43, DAIAS 3 4847 40 M N 1E A=
PG B R AR S R — M AR iR AR . AR IMAE B
W AR S BT, N2 W) S 2R A | D J5 I
Jir BCHAB AN A% S AN BTy . A0 T ek A ke
W SZABL A0 A K i R0 ) B B2 0 i i = 0
P A HEA T B3R, DR ST IR 20 B S 52 0 5, AE P20 L TN
BI85 S et R . A, Je i i
G R I AR A R 25 i R DR 95 0 1) SR A, £
FENGII T DR IT A o8 B R AT 2R | 25 1) Sk 1l -
TS5

4 J 4 R (all-trans retinoic acid, ATRA) &
e A Y RIRACE ™ W, 1 g — Bl B B % 24
Wy, FE M MUE TR Hh o] LAY/ 4R 40 it PN - 1 =
A 4B HE2- = R ORI A T R TR (4-amino-2-
trifluoromethyl-phenyl retinate, ATPR) J& LA ATRA
SR A OB B 4 H R A A W, R [ AT-
RA SEUFIVARAE S, %9280 L)L CSTBL/6 /N
FERGE W IETEST LPS 1 S B8 2R 5T AT-
PR ZZ it/ N2 5L AL

1 MR

1.1 ##

1.1.1 %334 15 26 N c57BL/6 Mt/
B F VLI R 26 25 AR R R A R A W], T2
BRI R AL Sy b0 SPF RIAEE i 5%, A5
TRJE (20 £2) °C, 12 40% ~70% ,12 h Y6HE 12 h
B, A L s i 3R S E AT & 2B
(e LY/ L NN S B S 1 IR e L7/ (s R% Al
WE4i 5 . SYXK ((fig ) 2020-001 , A 7= 3 Al 3iF % 5
SCXK ( #~)2018-0008 , & B L5 . LLSC20210825 ],
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1.1.2 SFERAl 4% R 240 ih R R
S B O R IR LPS I [ 38 [ Sigma A A
ATPR H 2 RUBEFRL K22 2525 B & W R A O M B R
2. 5% I ) i (LB ) I A LT R
YRR BRA ] 2 R WA B BRI
W 8 bt 22 AR A B2 ) 5 e il Ao a5
W H R A ) TR 5T BT s TRNzol Universal &
RNA $2BGAF [ b AR A AR A BR 2 w5 3
e sidn & L qPCR 150 & W 3 B DA ) Rk
AR RIPA 2 W 28 1 R 57 W B E i 8
REY T AREF R F ; anti-LC3B | anti-P62 | anti-
Beclinl Fi{A  anti-FUNDC1 Huiklly H 5% F Cell Sig-
naling Technology 7\ F]; anti-ATG5 $T#& | anti-OPA1
YA B L Abmart 23 ] 5 anti-GAPDH UK 14 A
R = JEAYBARABRA A 1LFEHi4 [gG-HRP | 1L
FEHi/ MR IgG-HRP 4 & 22 [E Santa Cruz A7,
1.1.3 SIALE B s i sy ool A 58
Thermo Fisher Scientific 23 ) ,E%i%iﬁﬁl%ﬂ@
HEE Leica 24 Al ; i 5 ML 1 8 Talos L120C
G2 S B OGEEIE A8 53 BT 2 48 ChemiDoc™ Touch
Imaging System 4 H 32 [ Bio-Rad A H] ; — 80 C Ak
HLVKFEE B H A SANYO B BMA R A A pH 1YL
W H RS B R g e AL A
WA AT BR 2 W) 5 LKA FL KA I B TS — 1 g
I

1.2 FHi&

1.2.1 sHyHERZES 15 H CSTBL/6 MEtE/NRGE
PLPERASR 1S IR (22 £2) g, BENLOM K 3 41 IE
W BRI ATPR 4, 8415 H, ATPR 4R
$F ATPR 15 mg/ (kg « d) , 1IE# 41 BRI 41 18 s 7 S
SEARTRIN 0.9% NaCl ¥ (7 25% B4R LN B R
M) ELE T d HATUL FARAE 5 8 RAERI4]  ATPR
ZHIE I LPS 6 mg/kg,6 h JGAbFETA /N,
1.2.2 SHHERKBRELE  HH 4% HIE LT
ZRNRRIE /N B AR IR IBUIL S b A /)N B, TGS IBCHS JHF e
L BRI R DI SRR T 2. 5% 1% R[]
EWEYI 1 mm® DN/, 5 2.5% 1% R
W E T 4 CURFE I E A2 N AU PBS
PR T 5 0 UM B8 3, — AR MR 2 VR R
JEET -80 CUFHRAFRT I, 7h— i 8 T2 R
P vh [ S AT A AL, OB R I 4 CHEE 2
h J& 3 000 r/min #5.0> 10 min, B & T - 20 C
UKFATET

1.2.3 %% % &5 (alanine aminotransferase, ALT)

Fo -3 4% R B (aspartate aminotransferase, AST) A&
WSCHR P 97 77 A e R R 6 100 I 43 20 TR A | il
FRASCEE B G RE | R P bm o ph B 5 i
1.2.4 qPCR  FRHUHHEZHZUIM A TRNzol #E47H
J# 27 RNA $2H0R70 568 515 21 8 RNA, i H 4
JEGEETHM Al B RN & i, # BRGSFE SRR qPCR
A& T8I 353 A T 5% SR qPCR , THE/ VR
JUE 20 21 5% i - 1 40 B2/ -6 (interleukin-6, IL-
6) MR IR HE A F (tumor necrosis factor-alpha , TNF-
o) FYARXS F IRk BIHF AN AT IL-6 (F: 5'-
CTGCAAGAGACTTCCATCCAG-3',R: 5'-AGTGGTA-
TAGACAGGTCTGTTGG-3") ; TNF-a(F: 5’-CCTGTA-
GCCCACGTCGTAG-3", R: 5'-GGGAGTAGACAAGG-
TACAACCC-3") ; GAPDH ( F: 5'-TGGCCTTCCGTGT-
TCCTAC-3', R: 5'- GAGTTGCTGTTGAAGTCGCA-
3
1.2.5 ZARM -4 (HE) & HLUEH] A
WIS FH T T HE e, (P 0 B s
WOIFORAE
1.2.6 # 4% -F 24 (transmission electron mi-
croscope , TEM ) LA/ SAT tm AR i & 4 1A €
()RR A SR E 2 R B 2R SE 30 s, 4% R
TEM A= ¥rE it il 25 B LA L BRI TEM T SR
20 f B T2 A, R IR T LA HE IR AE
1.2.7 Western blot #m& & &i&  BUH -80 Cyk
FEPRAT B IELH 2R, 5 B— 3843 R 5 e AT IS i
LR 0.1 g HEUIMA 1 ml RIPA 2 (& 1
mmol/L & FABFHI I ) , & F K WS- 2 5847
24 J5 ,14 000 r/min 5.0 30 min B, >R
BCA VAN E 8 R BE A AR H R il s
K8 10 min 8 I ASYE UK B RIS 40201 B
T -80 CUKFATEH] . Ll 12% SDS-PAGE i, #% it
BAKGEE A S E N 10 ng EFE, Bk SE WG 1R 5%
PR PR eI E I %% 2 PVDF JBE I & 5%
JERE W33 i TBST fF4] PVDF % 2 h, {#i ] TBST ¥
VAR 3 I, P AT TBS PRisk A&l 1 G DI, 4% 18
S E BT Anti-LC3B(1 : 1 000) \Anti-P62(1 :
1 000) . Anti-Beclinl (1 : 1 000) . Anti-ATG5 (1 :
1 000) ,Anti-FUNDC1 (1 : 1 000) . Anti-OPA1 (1 :
1 000) ,Anti-GAPDH (1 : 2 000) i/ 4 °C pk4 ¢
H 12 ~18 h, fifi F§ TBST YLk 3 Uk, F{#iFH TBS
VRUSRAE 1 R RIS i FEPi A (1 1 5 000) 5%
FPRL(1 3 000)2 h, ffi ] TBST YA 3 1K,
PR TBS Pk 2% 1 Wk, i ECL &%l 7] &
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o M Image] 3K F 315 & 554 )X {H , GAPDH
ILER

1.3 SeitA0E S AR SPSS 20. 0 #fF
HEATECR T, S B0 45 R UL x5 Foom, S ] AR
FHBARZ I 20071, DL P <0.05 HESH ST # 5
X,

2 FR

2.1 ATPR %t LPS #i{789/NR M 7F ALT #1 AST
GRS 5 IER L R RIZH ALT A AST 7KK |
T, ZRAGHFE L (P <0.01) ; SR L,
ATPR 2 ALT Fll AST K-V R B, 2R A G it X
(P<0.01), WE1,
2.2 ATPR 3t LPS 545 B9\ 5RBF A 40 8 & i B F
IL-6 1 TNF-o mRNA 3t REKFER R SHiE
A HOEE AR T2 98 9E R T TL-6 \ TNF-oc mRNA AH X}
FIRACFIE FI, 22 R A5 E L (P <0.01);

SO 4, ATPR 4H IL-6 \TNF-o mRNA #H %} 2
KR TR, ZR A5 E X (P<0.01),
WL 1,

F 1 ATPR ¥t LPS #if5#9/MR M17E ALT #1 AST 9
2l (n=5,x+s,U/L)

251 ALT AST

E# 11.58 £1.52 66.53 £7.75
Y 64.44 £6.20" 231.50 +6.89 * *
ATPR 22.64 +2.66% 109.10 +6.05%
F 1y 244.10 763.40

SIEWALE: " " P <0.01; SHHEIH L™ P <0.01

2.3 HE#BLER Ewd/NEIF/NHE5IEs,
FFR R RS, 0 70 1A 20 =, JHF 200
T 5 B 2 /)N BRI &40 i [ B i K, & HE S
RAHEZEEL, IS M AN IR T s ATPR 41 JH I 240 fit 1]
B FREHA IR, RG>, LK 2,

1 ATPR %} LPS #3{5/NRIFBEA L K EEF IL-6(A) . TNF-( B) mRNA 837k Ty 5
1 IEH 42 AR84H ;3 ATPR 4, SIER 4 HEE . * * P <0. 01 5H04 Hds . # P <0. 01

2 AFRMBET/NRE HE L848R
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2.4 TEM WE/NRAITBEAMBREN SiEwd
A B2 /)N BT 440 i v 6 A s 30065 i /L 8 7
KBRS, Z LR A BRI B £ IR
TR 22 ATPR 41/ BUTF 41 i h SR A8 25 0
ot JRMEUE BT IER . WK 3,

2.5 ATPR xt LPS 547/ FR BT A 2% f {4 #5215 18 <

BEERIBKFERZM  Western blot 45 2R B/, 5IE
YL BN U IE41 41 FUNDCL & I 3Rk
W% (P<0.01),0PAl HEHZRIKWMAD (P <0.01);
SRR A, ATPR 41/ BRFAEZH 4 FUNDC 25
15> (P <0.01) ,0PAl HEHEILMEZ (P <
0.01), UK 4,

B3 TEM T/ AT B4 AR AB R 254 ( K 5 ks E I /IMA)

B4 ATPR Xf LPS {5/ NRATAE LR {51HXE B FUNDCL (A) ,OPAl (B) RiL/KFHIZM
1 IE R 252 A RI4] ;3 ATPR 4 SIER A LS. * * P <0. 01 ; 54 g . ™ P <0. 01
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2.6 ATPR %t LPS #if5/NRAFAE B IEMEXEB R
EKER M Western blot Z5 R /8, 51F# 4 ke
B BRI 4128 LC3B 1A LC3B I i FUAE
(LG3BII/LC3B I ) #/N(P <0.01),P62 5 H ik
HZ (P <0.01),Beclinl Fl ATGS & 1Rk /D (P
<0.01); SHIRI4 &, ATPR 40 /)N BT 0k 2H 41
LC3BI/LC3B I # K (P <0.01), P62 4 H K ik
/(P <0.01) ,Beclinl 1 ATGS TEHFEIAWMEL (P <

0.01), WES,
3 iTig

ATRA B4R A fER R PEIOE ™8, B
A LMY DIRE , AR AR O B 4 15 5 1R TR
PRSP B ST — 25 54 S AR L SR Ak
S0 PR i Rk, ATRA FE I R b 2 T
AT Sk 2R A i L, ATPRJZ LA ATRA Y

5 ATPR Xt LPS & {5\ AP AL 28 47 B 8 55 B A R IA K PRSI
A:LG3BI/LC3B I ;B:P62;C:Beclinl ;D ATG5 ;1 IEH#H ;2 . BEMIZH ;3 . ATPR 41 ; SIER 4L ILAER: * * P <0. 01 ; SRR [L#s . ™ P <0. 01



FHEMKRFFIR  Acta Universitatis Medicinalis Anhui 2024 ;59(2) - 205 -

SERHBETT A AT A= 0, 6 22 Fh Fifgeg 440 it vl U B
HAMT ATRA BB e Airse
LPS Jl# 5 , /N BRUALTE o ALT A1 AST ZKSF 7 BF
JIEZH 20 48 5 [T~ TL-6 Fil TNF-a mRNA A%t 357K
ST A e ) B G K R HES AR L
PR VEANME IR, ATPR 7] DLZZ g LA b LPS & 5 i
INERFF 540 o LA i Ry A3 R i 2 55 1)
fiE , 2R 1A 25 44 1 ) g A o 28 K S SO IE B 45
FUNDCI J&— Al {37 T 2 kL A A0 B Y £ b A B s 52
P LIR B P8 #E 55 LC3B, 72 3L 3h ¥ 4i g
HRE BhZORIAR [ I, OPAL J&—FliE 7 T2 R AR
JIECRTISE [B] B 4 GTTP it , 78 2 7 A DAY I 1) il 45 A 4 24
R EEAE N, g R R RIS 254" AR A
o LPS B /N BUIFIE4LZE FUNDCI 2 (263K 38
% ,0PA1 2 IR0 | T 40 A P 2ok (A H B 065 s
DBl T O RN BROR SE & (R B4, ATPR. Tl Ak B )5 /)N B
JFF I 2 R T S T f ke T IR %, A s
BRIz R RS UK AR 19 8 A W NL-
RP3 Al 458 AL 0F M2 FE 5 v 20 i i £k, A%
SEEG LA C5TBL/6 /N SE B AT 4 ATPR Fiikb 31 /5
Ji T 5 LPS, #8598 ATPR 2 75 38 5o 5 0 [ Wk /K
RIERITVER

WX 20 AE K A7 6 RS R b Al D 4
8 7 WAL A | B s RS 1 W/ M TR T B L 1 s il
IR B I B B f NS 4 A B BE, A W] 43
SE A E A WL R AR A S 1 s — T
VLAY R B A W 3 5 L H A B2 RS 1 1
W/ IMA L A P9 9 T, A SO AR W T
i AL L SRR T A kR
RIS I 3 S O EE R 1, 43 A2 LC3B P62
Fl Beclinl , LC3B & & WU, C A Ui 7K fif 4 — B¢
Lk, 7= A R 3 A i LC3BI; A Ml #E H, LC3BI
TE— 25 B R 1) LC3BIN 75 3T 45418 [ 1
JMARR | LC3BIT 5 LC3BI #Y oA K /INAT Sk i A
KR Pe2 Sz ZIbEASA S
LC3B I s G BIE U G, I S AR WA N %
fift  7E F WL A P62 S AW B I FE? . Beclinl
55 TR i Pk LIS — B R I B 45 6 5 A F W ) 1F
)81 R R F R s sh B Be R PR AR
W S A e 22 B AN [R] 9 F W AH 5G] (autoph-
agy-related gene, ATG) [JIH#E, ATGS 57T AW/
NI SuR =

ARG LB, LPS Bk AMPK FBEER 1L, 384
T mTOR AR IR L, 5 30 [ Mgk 0 ), W] B [ g

Hil & FEEM AL RAR TR . AWF5EH, LPS 4
/NEUF A A R TR ECR 3G 2 | 2 I GORAR AR A
ZULC3B I A1 LC3B 1 1y LufE W8/, P62 2R H Rk
% ,Beclinl Fll ATGS5 £ [ ik, X KU LPS fr
N 5 2 A wgKE % UIFH G, ATPR
AL PR /N BT 4 FUNDCL 45 F 26550870, OPAL
EH SR L | T 403 P9 2R IR T S Fn g e #a F 1E
w IR AR >, H oA NMA B 2 A2
LC3BIL #1 LC3B 1 MY LL{E G K, P62 R IBW D,
Beclinl Fll ATG5 HHE XML UL EEE R LT AT-
PR A G2 i O 0 43 /0N B R 1 e AP
MR OFIER/E T, 15 ATPR J0e] 520 [ W 7K - 19
S ANE A A 15 5 i — 25T,

25 FRT R ATPR XF LPS 75 5 19 /N Bl 21 i 4
B A R4 VR, SEHLA T A 5502 E A0 B 19 gy O,
X EEL5 IR B] ATPR AN 25 %HATT LPS i iy
WES A — B P T

Bt Lk
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ATPR alleviates lipopolysaccharide-induced acute liver
injury in mice by promoting autophagy
Shu Chuanlin', Shi Xiaorui' ,Zhu Rumeng' ,Zhou Qing' , Wang Yuan', Wang Yi’,Zhu Huaging'

(' Dept of Biochemistry and Laboratory of Molecular Biology, *Dept of Bioengineering ,
College of Life Sciences, Anhui Medical University, Hefet 230032)

Abstract
injury induced by lipopolysaccharide (LPS) in C57BL/6 mice and its related mechanism. Methods

Objective To investigate the effect of 4-amino-2-trifluoromethyl-phenyl retinate ( ATPR) on acute liver
Fifteen 6-
week-old male C57BL/6 strain mice were randomly divided into normal group, model group and ATPR group, with
5 mice in each group. Mice in the ATPR group were intraperitoneally injected with ATPR (15 mg/kg + d), and
normal group and model group were given solvent. After continuous administration for one week, model group and
ATPR group were intraperitoneally injected with LPS (6 mg/kg), and all mice were sacrificed 6 hours later. The
contents of Alanine aminotransferase ( ALT) and Aspartate aminotransferase ( AST) in serum of mice were detec-
ted. The mRNA levels of Interleukin-6 (IL-6) and Tumor necrosis factor- alpha ( TNF-a) were detected by qPCR.
Hematoxylin-eosin (H&E) staining was used to observe the histopathological changes of liver in mice. The ulira-
structural changes of mouse hepatocytes were observed by Transmission electron microscope ( TEM). The expres-
sion levels of mitochondrial damage-related proteins FUNDC1 and OPA1l and autophagy related proteins LC3B,
P62, Beclinl and ATGS were detected by Western blot. Results

ALT and AST in serum and the mRNA levels of IL-6 and TNF-a in liver tissue increased in the model group, and

Compared with the normal group, the content of

the changes were reversed in the ATPR group. H&E staining showed that the hepatic lobule structure was normal in
the normal group, the hepatic cords were arranged radially, there was no hyperemia and inflammatory cell infiltra-
tion, and the hepatocyte boundary was clear. In the model group, the intercellular space of liver was enlarged, the
arrangement of hepatic cords was disordered, and inflammatory cells infiltrated. In the ATPR group, the intercellu-
lar space of liver and the structure of hepatic cords were restored, and the inflammatory cell infiltration was less.
TEM showed that the damaged mitochondria and lipid droplet accumulation in the hepatocytes of mice in the model
group were compared with that in the normal group, and the morphology and quantity of mitochondria and lipid
droplet in the hepatocytes of mice in the ATPR group tended to be normal. Western blot showed that compared with
the normal group, the expression of FUNDC1 protein in the liver tissues of mice in the model group increased, the
expression of OPA1 protein decreased, the ratio of LC3B Il to LC3B I decreased, the expression of P62 protein in-
creased, the expression of Beclinl and ATGS protein decreased, and the above changes were reversed in the ATPR
group. Conclusion ATPR alleviates acute liver injury induced by lipopolysaccharide in mice by promoting autoph-
agy.

Key words  4-amino-2-trifluoromethyl-phenyl retinate; autophagy; lipopolysaccharide



