EHMBEMKRFFIR  Acta Universitatis Medicinalis Anhui 2023 Jul ;58(7)

- 1077 -

W 2% s pg B 1) :2023 — 06 —27 111301

ikl TIP3R-Ca’t

] %5 B R Hu 3k hitps ://kns. cnki. net/kems2/ detail/34. 1065. R. 20230626. 0956. 003. html

Xkt & e RS Wy

JIt SOV 10305 e HE S A% 1A o 9 45 e 1 K 1) 55 1)

LW, REM

WE B ST mE ULEE-1,4,5-= 85 8R Z 1 (TP3R) -
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(2-APB) 4 458 T-# 4 7 (BAPTA-AM) 41, 40 10 1, #
HIZH 2-APB 41 .BAPTA-AM ZH PRYKIE I FE ST APAP (300 mg/
kg) . TS APAP Hij 30 min,2-APB #H & 5 i 5 2-APB (20
mg/kg) ,BAPTA-AM 41 JE & 7 4 BAPTA-AM (2.5 mg/kg) .
WSS APAP 24 h R A0 FEA 40 /IR, I I 375 TN & R &L
BRI (ALT) (RI1Z R R AEIE 41 (AST) /K7 HE 3
LR A5 AR AL, 5 375 S Pl 4 SO0 28 JHF 40 L w28 Ak | PR
25 Kz MAMs Z8 A4k I 52 AT 2HZR 5038 AR Y Ca®* 7K s West-
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AHEH2(MEN2) |1,4,5-=BEBRLELZ {4 1 (TP3R1) A4
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<0.01) , FFAESS FE AR 16 07 (2 2038, MAMSs 870, iF 412151 %
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it U RO VE RIS R T R (B A
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13 A PO I SR S A DR RO PN S ) 45 4 £ 2K
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branes , MAMs ) 52 Z& 0 A4 F1 P J5 0 22 8] 77 76 1Y 45K
A BRI A A 4 X, W ARG Z AP EE B, A 1,
4 ,5- =R WLEE SZ K (inositol 1,4 ,5-trisphate recep-
tor, IP3R) | i %5 ¥ 4 59 & [ 75 (glucose regulated
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MFN2 ) %5, 25 P9 J5T 000 1 385, 24 455 45 25 R 2 kL 4
A JRBUE BURLE i 45 R R 5 AR RS 1 R
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A 120 (2- AL ) -L 8N, N, N'N'-
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APAP JIr 250/)N BRUR5 475 B2 HC BT o 25 4 T 4 2
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PRI IP3R-Ca®* #A2XT APAP JI U5 15 K K
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1 #BE57HE

1.1 SEIezh¥ 40 SA#FER SPF 9UEPE C57BL/6
JNER, BRI 7 J8 IR 18 ~ 22 g, g T IR S
s B AT BR 2 A 3 Wi AT HIES . SCXK (#7)
2019-0004

1.2 XFE5EE  APAP( 4l KT 99% ) A1 BAP-
TA-AM( 4L KT 99% ) M H 3 [E MedChemExpress
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N 2-APB I [ 35 H Sigma 23 F (4L 97% ) 3 A
RIR B IEH% # [ (alanine aminotransferase, ALT) K
74 F R B % (aspartate aminotransferase ,
AST) Kl &0 & B2 W™ i ( 1) A FRA ]
477 GRPT5 . GAPDH Hifk A & A e Rk A
RN W] 7 5 (525, ABO11901 ., AB010301 ) ; MFNI |
MFN2 J IP3R1 Hi{A M H 32 [ Signalway Antibody 2%
H) (575.55628 33015 .29549) ; LU 2EHT /N —HT &
WEdT o — B W [ 25 F Proteintech 24 &) (585 .
SA00001-1 ,SA00001-2 ) ; 5 5 1 kI 3 751 & K
SV R S E R e AR TR AT
SDS-PAGE #EMe il &0 &0 B AL 23 £ RHE A
R\ 7] ; Roche Cobas 8000 4 [ 8l A= 4k 20 BT Wy A
%t Roche 23 Al 5 BEFR1L ™ B 92 [E Themo 23 7 5 175 51
Hi5E JEM-1400flash 7= [ H AL iR &4t fhf &
JERUG S M R G ZF-670 7= [ 1165 5 WS Bl 4 4 BR 2
A,

1.3 SLIEHESAE 40 H/NEBEL M IE w6
HRL METUZ TP3R #HISR (2-APB) 4 55 T8 &
FI(BAPTA-AM) 41, B4 10 H, AL 2-APB 4 |
BAPTA-AM HLYK i JBEVE 57 APAP (300 mg/kg) . 1E
5 APAP Hi 30 min,2-APB 41 i B 73 51 2-APB (20
mg/kg) , BAPTA-AM 41 J& = {3 Jf BAPTA-AM (2.5
mg/kg) o MEETEST APAP J&, 45 21/ BUS 25 R Ak
7K. APAP 4% 24 h J5 , B/ AT &, BRIV 4%
B /N B BRI, Wk A5, BCHE PRI Il b A 25 3k
¥ 2 h,3 500 r/min B0 15 min, 45 M0, R 77
F - 80 CUKAE™T, HWUH AL, FR i R 5, W
JEF IR AT O, 59 B 40 JF 22 i 49% FP T %
[ 7 AT I AR B 2 R A 5 BBCRR IR0 29 1 mm® 2245
P T He 2 T 2. 5% )% @ W, 4 °C
VO, HI T2 A L B L5 R I IIE A T A AR
18, % 2 - 80 CUKAAI A,

1.4 FHEEL AR TR BT AR 5 9 /)N BRAL B8 T A T
AR SRR A, IR E(% ) = (IR EH/
REFERT/INRA TR ) x100%

1.5 Froh&EdEARt I 4 A 32k Ab o B AS0as i /)N
UM ALT (AST 7KF-,

1.6 FTALRFBENE 4% HEES R EE
JFHZY, T LABEK Al D)5 A HE Je et
T BTG5

1.7 EHHEEBMEMMNE 2.5% K BRI
[ 7 (A PR AS | e 5 132 S B A B AR B K A 3
T R R AR - AT R St i T

T ERY) 7 IR BUG AT 43T

1.8 FSEFEENE BCEEHLH, 2L TK
HIEGES L HR 1 9 [ B (g) « AR (ml) ] HeBImA
B TR, HI 10% 51280, LL 2 500 ©/min 5.0
15 min J5 B VEW, SR FH 25 T 107 2 0 % 000 4 vk
JE i AT 0 X6 10 Y 45 2 R P AW ok A 0 45 25
T,

1.9 Western blot il B £ 21 Fh MFN1, MFN2
GRP75.IP3R1 EA KX HGE & W42, $2
HAUEAE M, H BCA il T H o /)5, #E47 SDS-
PAGE LUK, PG B = PA) 5 FBEAR YR 55 R X6 1o 1Y) —
b5 ZHiEE ., TAEWE . GAPDH 1 : 2 000, ¥t
MFENI Hif& 1 : 1 000,57 MFN2 Fifk 1 : 1 000, i
GRP75 Hii#& 1 : 1 000 . HT IP3R1 FifA 1 : 1000, 4%
1:5000, )i, ECL 5, Image J FAF43H7 i
% A HErEH S GAPDH (K JEH HL A,

1.10 SEit=4038 R SPSS 26. 0 Gt /bty
M. THETERILL ¢ 25 FoR, 241 1A HL AR LA
RIT 24500, AR W H LBCR ] LSD-: K5, DA P
<0.05 AESAGIFEE L,

2 FR

2.1 BFIEEIESML AR /N BRUAS IE B 6 R A ) i
T SRR (P <0.01) ;2-APB 41 )% BAP-
TA-AM 41/ BB AU 21 (1) 10 B S HF 48 B34 R A1
(P<0.01), W1,

®1 BHENBRIFEHEN(n=10,x25)

ZH 5 A (g) JFHEE (2) JFHEEL(% )

TEH X I8 19.48 +0.51 0.73 +0.41 3.72£0.23

Rl 17.89 +0.34"  0.89 +0.10%  5.00 £0.56*

2-APB 19.02 +0.57°% 0.83 £0.05%% 4.39 £0.35%%

BAPTA-AM 18.86 +0.48%2 0.82£0.35%%  4.40 £0.26°%

F 14 19.158 12.921 19.492

PA{E <0.001 <0.001 <0.001
HIER X B R ™ P <0. 01 SRR L. 22 P <0.01

2.2 BFThEETTE  SIEH XTRELIAH E BRI A /N R

ALT (AST JK-F3 0, 22 A Geit2# L (P <0.01)
R 20 M e, 2-APB 4] K. BAPTA-AM 4 /) KL
ALT AST /K FREIK, 2R A5t (P <0.01),
W2,

2.3 FFALRBEFWNE  1EH XA/ FUF /N
SR EEE A U A TE R RS /N B JH B AT
DUE NS5 R ZE L, /N o s ik ) B AT DL K A M
YUPIRIE , I UL F 52 Fe 0l K R ANM IR, A EE A
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RIZH 2-APB 20 }2 BAPTA-AM 0 /)N FUIF 7N S5 4 i
SEAE T UL 40 AR 1 0 A R T T R 48 B ek
Ao WET,

K2 HAMNRMFBZ ALT AST T (U/L,n=10,x+5)
215 ALT AST
TE % % RE 160. 00 +96. 26 224.00 +74.57
fizsil 7 985.00 +5 858.61* 5 478.50 £3 920.96*

2-APB 151.00 £32.8144 278.00 £92.8344
BAPTA-AM 162.00 +62. 6844 253.00 =66.34%%
F1{H 17.843 17.75
P <0.001 <0.001

SIEH A B HLH . M P <0. 01 SRR A 42 P <0. 01

C D
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2.5 MALSTSSFREMNTH  EFXRA B
2H 2-APB 2011 BAPTA-AM 40 (1) /)N BUITF 4 240 &
435124 (0.031 £0.011) . (0.066 +0.029) . (0.036
+0.011) F1(0.040 +0.016) mmol/g prot,4 #H (7] J5
ZTEE . F =7.476,P =0.001, 5 1F % % B 4H
LA, SR L /N BRI A U5 0 v s i - b o, 22
SHE G L (P <0.01) ; SHRI4H L4, 2-APB
2 J2 BAPTA-AM 41/ UL V51 3 rp 45 8 7 & i
BIREAR, 22 A G2 B L (P <0.01)

2.6 BFZA4 MFN1,MFN2 GRP75 IP3R1 EA %
KER 5 OE X IR A LA, A AN RO DR A
MFENI MFN2 & [ 35 ¥ /0 1 IP3R1, GRP75 4
FRRIBE M (P <0.01) , S5HIH HLE, 2-APB
2H % BAPTA-AM £H MFN1 MFN2 75 |4 3235 #4938 0
T IP3R1 . GRP75 & [ %AW (P <0.01), W
K3,
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3 itie

APAP # 2 2 E I =l ) F 2 i Nz — i
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FI RN PSR AL, AW ST AR ZH /N B
TE 5% R ALY 8 45 8 R B34 i, ALT | AST /K%
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Fhin, FFRERT LN O PESR ST 378 APAP 20U L
JHFBR A A A8 52 i T

AWFFET TR, APAP JF 51473 s 2 6 1 it 4 it
RS KE-TH i ST A0 P9 465 68 28 1T B 5 I i 32 4k
FLfi/ M2 (transient receptor potential melastatin 2, TR-
PM2) 3876 A 55, MAMs 1 R 2 4R 5 79 i M 22 T
(A REIR G AE , It 1 B30 0 (=0 T 4R 1 2 1o
Ak, RAEASTRI G A= W) 2E TR, A s o o I Hh )
Ca’* [ ZRRLAR BB | o 15 Zobr R TE 265 . PN 5 9 57 354
SRR TIPSR AT PR B 1A Ca® B IGE
FEL S 14 BH 25 738 38 1 ( voltage-dependent anion
channel 1, VDACL) & FLKLARIME R Ca®* i iE,
Il GRP75 1€ K4 F 1R % # IP3R F1 VDACI™' |
IP3R 5 GRP75 Z5& /0 SN B Ca®* , Ca® " il
0T MAMs 9% A% IP3R-GRP75-VDACT #E A
LR T4 GRPTS T 540 GRP75-1P3R 1
FHEAEFH M 0 MAMs™' . IP3R 7 3 WA, 43
)42 TP3R1 \IP3R2 \TP3R3 , A 17 A 14 fig o o i % i
HHFRE TP3R1 ik LAY Fe gk k@l & it 72,
MFN1 5 MFN2 JE i [ 78 8 52 3053 5 40, A it ek
KRl & MAMs Fa5E fl Ca®* #1512, AW W
N, 5 1E X R e, SR 2 /S U4 i 2ok fA Iy
Wi TR, BT T 24 s MAM s B8t 1 JHF e
A Ca® " F 5 B0 IE H 6 BEAL 3800 ; MFNT , MFN2
E kKL (P <0.01), IP3R] &AM
GRP75 H A9 35 K38, #2 78 TP3R-Ca™* 148
(IG5 MAMs JOHARSCE RIARH S5 T APAP
ST ER 0 R 5 A

2-APB EAT ZFp A G T  GE ] IP3R A4S
FEEEIN B E5 25 T I ( store-operated calcium entry,
SOCE ) i 1 B A 40 M0 Y Ca®* /K 7 F 40 i %% =22 7]
Ca’* MR 511", 2-APB A] LAV % APAP Jif £IT 15
3", BAPTA-AM ]l i W2 40 i P Ca®* B 2k
BRI AMVE D) ARSI SR, SRR A LR 2-
APB 2 }2 BAPTA-AM 21/ ALT ,AST KPR
R, 8% T I 0E e BRLAS FL BA 24035 . 2-APB B4E ]
5k R AL, WA 2-APB 2 BAPTA-AM
AR APAP FrEUFHR 5 I VE L 32~ B IP3R-
Ca’ " &2 n] LIVAE APAP P8 RF A%, HEALT AT
A AT 2 F . O FRARAFAE Ca®* & B B 2k
A PN X847 < 5 B R 28T LA S i 2R AR 1) 2544
MIBE™  IF5 APAP FRELAY T O 57, AHF
RN, SRR %, 2-APB 4 Sz BAPTA-AM 4]
ANBUFLLZUAT M Ca” /b AR 2ok 4 B 7

Jo W B AR Ak %, $E7R 2-APB JZ BAPTA-AM A
I REARATIE Ca®* R 2K | Bl 2 b A 2 7 J5T I 461 47
T4rT APAP FR B JFB5 . @ 2 MAMs 4544 &
FOAH G AR [ 19 223K . MAMSs 35t e ) B 45 0 70 T 5
EEAMNENS S5V SRRTIRE 5 %
MANEIET- SR PR il GRP7S BRIkl
WAL LA VDACI/ITPRI (IP3R1) A% 75 B9 HuH7 40 jitg
MAMSs %t ; B35 GRP75 FakVE AR SCilik
A8, APAP 8 1] 80N BUFFIIE 2oz /& MFN2 2R
IR R TR e FF 80 BRUPFE R A7 7 2
THRESEH A MEN2 & (kP . RIS R,
5 R R4 L%, 2-APB 41 & BAPTA-AM ZH /) f)
MAMs />, MENT  MFN2 85 [ k7K F L,
IP3R1 K GRP75 % H &L KL, $#7 2-APB
F1 BAPTA-AM 7] L) 38 3 2 42 MAMs £ #0 if)
IP3R1 K GRP75 FI I3 MFN1 MFN2 %5 1355 084%
APAP B 005, B DAL A it — 200
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The effects of inhibition of the IP3R-Ca’* pathway in APAP-induced liver

injury and mitochondrial-associated endoplasmic reticulum membranes
Xu Wangting, Song Yulin
(Dept of Gastroenterology, The First Affiliated Hospital of Anhui Medical University ,
The Key Laboratory of Digestive Disease of Anhui Province, Hefei — 230022)

Abstract Objective To explore the effects of inhibition of the inositol 1,4 ,5-trisphate receptor (IP3R)-Ca’"
pathway on acetaminophen ( APAP)-induced liver injury in mice and its mitochondrial-associated endoplasmic re-
ticulum membranes ( MAMs ). Methods 40 SPF-rated male C57BL/6 mice were randomly divided into control
eroup(n =10) ,model group(n =10) ,IP3R inhibitor ( 2-aminoethoxydiphenyl borate,2-APB) group (n = 10) and
the Ca’* chelator [ 1,2-bis(2-aminophenoxy) ethane-N, N, N’N’-tetraacetic acid, BAPTA-AM ] group (n =10).
Mice in the model group,2-APB group,and BAPTA-AM group were given a single intraperitoneal injection of APAP
(300 mg/kg) . Half an hour before APAP injection, mice in the 2-APB group were injected intraperitoneally with 2-
APB(20 mg/kg) and mice in the BAPTA-AM group were injected intraperitoneally with BAPTA-AM (2.5 mg/
kg) . The mice in each group were executed 24 hours after intraperitoneal injection of APAP. Serum alanine amin-
otransferase ( ALT) and aspartate aminotransferase ( AST) were measured by chemical method. The pathological
change of liver was observed by HE staining. The ultrastructural changes of mitochondria, endoplasmic reticulum and
MAMs in liver cells were observed by transmission electron microscopy. The changes of Ca**in liver tissue homoge-
nate were measured by calcium assay kit. The protein expression levels of mitofusin 1 ( MFN1 ) , mitofusin 2
(MFN2) ,inositol 1,4 ,5-trisphate receptor( IP3R1) , glucose regulated protein 75 ( GRP75) were detected by West-
ern blot. Results Compared with the control group, the serum ALT and AST in the model group increased (P <
0.01). Disorganized hepatocyte arrangement, hepatocyte degeneration and lobular central necrosis were observed.
Breakage and disappearance of mitochondrial cristae, swelling and fracture of the endoplasmic reticulum and in-
crease of the number of MAMs were also observed by transmission electron microscopy. The Ca®* level in liver tis-
sue homogenate increased (P <0.01). MFN1 and MFN2 protein expression decreased (P <0.01),IP3R1 and
GRP75 protein expression increased ( P < 0.01). Compared with the model group,the serum ALT and AST in 2-
APB group and BAPTA-AM group decreased (P < 0.01 ), the liver pathological changes were significantly im-
proved ,MAMs decreased, the content of Ca** in liver homogenate decreased( P <0.01) ,MFN1 and MFN2 protein
expression increased( P <0.01) ,IP3R1 and GRP75 protein expression decreased( P <0. 01). Conclusion Inhibi-
tion of the IP3R-Ca’* pathway protects against APAP-induced liver injury in mice. Its mechanism is related to reduc-
ing hepatic Ca’" levels, reducing the number of MAMs, and regulating the expression of MAMs-related proteins.

Key words acetaminophen; liver injury;2-aminoethoxydiphenylborate; 1,2-bis(2-aminophenoxy ) ethane-N, N,
N’N'-tetraacetic acid; inositol 1,4 ,5-trisphosphate receptor; calcium ion; mitochondrial-associated endoplasmic re-

ticulum membranes



