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WE . B HiTwh SRS 2@ 358 (MCU ) M 33 SR 4548 2 M s I 549 K R 2 B X
(AP) BIEIR B 6o, Tiik 32 RAEHESD KRS A AT, SHMA K20 (AP 20) . S HWMAL X +47
2L FFRLL(APHRR 41 ), 4AT4r40(RR 41), 48 R, AL H 24 h B E KR, ol &M K X b FiTH
(Amy). fWEE (Lipase). @280~ 6(IL—6)K-F, HE $ EULEMRIFLALHBIL T ; B F %L BME TIEIR
B ERE(ROS) . LAMRA Ca™ | NS Ca™ SRR M MR LRT R A S HAR(GSH) . A =B
(MDA) 4% ; Western blotting # MM LLL MCU, HAZ EIAF B F3 (SIRT3). MnSOD & @8 kik; &4
VAR IR AN, ER BSUK AL HE RS Ao i i Amy, Lipase, IL—6/K-FIbi, £ £ 547,
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Effects of inhibiting the mitochondrial calcium uniporter on the
oxidative stress in rats with acute pancreatitis*
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Abstract: Objective To investigate the effects of attenuating the mitochondrial calcium overload by
inhibiting the mitochondrial calcium uniporter (MCU) on the oxidative stress in rats with acute pancreatitis (AP)
induced by caerulein (CAE). Methods A total of 32 male SD rats were divided into control group, AP group, AP
plus ruthenium red group (AP + RR group) and ruthenium red group (RR group), with 8 cases in each group. The

rats were sacrificed 24 hours after establishing the models, and the serum levels of amylase (Amy), lipase and
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interleukin-6 (IL-6) were detected. The histopathological changes of the pancreas were observed by HE staining. The
fluorescence intensity of reactive oxygen species (ROS), mitochondrial calcium and cytoplasmic calcium in the
acinar cells was observed under the inverted fluorescence microscope. The contents of glutathione (GSH) and
malondialdehyde (MDA) in the pancreatic tissues were measured. The relative protein expressions of MCU, SIRT3
and MnSOD in the pancreatic tissues were detected by Western blotting. The ultrastructure of acinar cells was
observed under the transmission electron microscope. Results The HE scores and serum levels of Amy, lipase and
IL-6 were different among the groups (P < 0.05), and they were higher in the AP group compared with those in the
control group (P < 0.05). The relative expression of MCU, and the levels of mitochondrial and cytoplasmic calcium
were higher in the AP group relative to those in the control group and RR group (P < 0.05), while they were lower in
the AP + RR group compared with the AP group (P < 0.05). The expressions of MnSOD and SIRT3 and the content
of GSH were lower (P < 0.05), but the fluorescence intensity of ROS and the content of MDA were higher in the AP
group compared with the control group (P < 0.05). In addition, the fluorescence intensity of ROS and the content of
MDA were lower (P < 0.05), but the expressions of MnSOD and SIRT3 and the content of GSH were higher in the
AP + RR group compared with the AP group (P < 0.05). Conclusions The inhibition of MCU could reduce the
calcium overload in acinar cells and attenuate the oxidative stress induced by caerulein in AP via regulating the

SIRT3 / MnSOD pathway. However, it may not improve the histopathological and biochemical changes of the
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pancreatic tissues.

Keywords: acute pancreatitis; mitochondrial calcium uniporter; oxidative stress; SIRT3

ZPEJE AR R (acute pancreatitis, AP) J2& IIfi IR 2 18
RE 1) WL R, 20% ~ 30% vT i Jig Sy e, Hif
e X, P fE 22PN £ ORI 8S BR ) § i (R
( mitochondrial calcium uniporter, MCU ) i X E
URDASRES R TR LN SRS R T RS TN = & PO
E7 21 (ruthenium red, RR) BUEk | AT HL Ak 2% B B 4%
A Ca™ SRR N R 22 (10 45 128 1 VR B T v o] R
S FEUVE R R, DR A0 S R AT
3, WA FEAMIETY, EHH NS 52 AP
KR HLE B BT, LR S 5 5 AR LA
SEARAE T RIS SR AT A A AR IR AT DL B
AP 1y R R, 0B AE B T 3 (silent
information regulator 3, SIRT3) 7] i 2 Z b i 42 11 il
LA A= B 36 T 4R (reactive oxygen species, ROS),
DONG “F"BIFFE &, SORLAA 5 N 9 ROS 7T LAy
MCU *f fpt 28 12 97 U AU 5 U8, (2 2E MCU = B fi%
RYIE A, FRERE MCUEIE . AP B R
T MCU | 6l 4% 2R 4815 B8 28005 AP [ I 9 BE458 3
DIER AR A

1 HESH®

1.1 KEEHY
I P Sprague—Dawley (SD) K L 8 ~ 12 JA #% . 14k
210 ~ 250 g, W F ) P B R R 2S5 sy b, 58

B 3 W Ak P2 R AT IE S - SCXK () 2020-003 , 52 56 5
Yy FHF AT IE 5« SYXK (£ 2020-0004 . K R 78
20 ~ 25°C %5 I By N AR A 3l AL R AT, B E AT O
H Ol KK o MR AEAS [R5 05 i 43 R 6 BRAL
APZH AP+RR 41 .RR 41, 4 8 H . ARWFR 4 IE P
B2 i B 22 51 o ik ¥fE W] & (No: 2019-KY- [H
3#H-017),
1.2 FERF

N HEE K (¥ Amquar 28 7)) , IV A 2 J5 B L RR
(ZEH Sigma NED, FIEA & 6 (Interleukin-6, 1L—6)
it 166 £ %€ W2 B i 36 (enzyme linked immunosorbent
assay, ELISA) i 7l & (iR £ A YR A R A
H] ), A - (Malondialdehyde, MDA ) . if J5 %1 45 it H
JIK (Glutathione, GSH ) £ il i 771 & (58 5t g A= 9 T
FRAF T A BN W) ) , DHE 98 Y636 (63 3 R 32
Al ), Fluo—4 AM Ca™ ( 3& [ Thermo Fisher 2% # ) .
Rhod-2 AM Ca™ 2GR 1 (36 [ Invitrogen A ] ) , B-
actin \MCU . SIRT3 % i # i BEPTAA bt — 40 (5
[ CST /A H]) , MnSOD HL 4 (¥ [E] Abcam 24 7] ) o
1.3 FEUHE

LT AN A BEAY (25 E Licor 24 1)), s ( H AR
Olympus ¥k X s #t) , 2 ) fig B b 1 ( & E Thermo
Fisher 28 7 ) , 7600-120 4 [ 3 4= {43 Hr AL ( H A&
HITACHI #% 5X & 4t ), @ 3 % 7R & 0 AL (78 [
Eppendorf 22 7] ) .
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141 APHF  KREZEE12h, FRiAE. XTHEA
KRG 2.5 merkg AR HRER K, AP 20 K RRUIE I 13 5
50 pefke M BEK, AEVKEIRR 1 h, S 7K, &
APHEEY s AP+ RR T il 4 K BRI I 7 5 2.5 mg/ke
RR, 20 min J5 & & 1 5 50 wo/kg R #E K, RR4
KR 54 2.5 mg/kg RR

1.4.2 7 7% #» B (Amylase, Amy) | g B B4 (Lipase )
EMARIL-6 F A F MR IR 1RSI R A R
TFEa TS . BRI ] 24 b S TR U 32 30 bk 28
1ML, 4°C #5830 min, 3 500 t/min £5.0> 10 min, U &
FAEW, R R TV R AR — e B B A 5 R
Kz I L7 Amy | Lipase 36 14 ;5 >R FH ELISA i 1| & ¥
W i3 1L-6 RiA &, 752 DI ARE bR X 450 nm 4b 32
U S BE A

143  MBBRAZREFIESy KREEH 24058
BUOR RUBIR AL, 4% ZRBPEETEE 24 h, B
K, AMEE, EREHEAL 4 pmBEY R, AR
15—t 21 (hematoxylin—eosin, HE) Ze 4, . W 3308 T~ W0
EERE R FEAY] 19 5 BT (% 200) IEF 4, JFEHR
EHME, BAAR RSN SR, R
LU P 2E PR ifE LR 1

F1 BRERARREFTSIRE

FZE SHE PEobRifE
04y o
14y /NI ] B Jey B 488
K ) )
24y JINI [ R R A 44
34 PRI RE IR AN S
041 7o
14y =T
HAE
24r BN S AR < 50%
34 /N SR AL > 50%
043 g
14y BRI (< 5%)°
L
24y JRyEESRBE (> 5% ~ < 20%)*
341 PRIENESZTIRIE (> 20% ~ < 50%)

TE 7 8RR A BT B AR B AT L

144 FRBEAR G fm e & kAR AR 2 ML IR B
2 mmx 2 mm x 2 mm FFRE L, Tk E
E>2h, B, WK, BE. Q. U 0,

145  JIRemineRIRE L m i Lk e R g A
I JHE A8 A R R R A1 21, K/N2 2 mm x 2 mm x
2mm, BIFE, 37CHBE T 5 1 mg/mL IV R G 57
B 15~ 30 min JFZA LA, H70 pm. 40 pm 41
i IEAS AL UE, 1000 v/min #5005 min, At FCHER ER 2%
M (D-PBS)PE2. 3G H A&
146 MAamEXAEARAR C  @mIie A B Ca’
ROS K JZ A m 1 mL i ¥ 5 40 58 0 53 51 m A
5 wmol/L Rhod—2 AM 15 wmol/L Fluo—4 AM Ca*#54}
TAEWE, #%2 @ 3RFTE 37°C WG H I A 30 min;
1 mL B 0 B0 40 it B Y FD DHE 28 6 41 1000 : 1
RIRAT, 37°CHDEIEE 20 min, FHD-PBS¥E2. 31k
Ji R, W H 500 ~ 800 wL & 35 mm x 10 mm 4 fifg
FFRMLY, B E SO0 S W ZR AR N Ca™ |
41 H PN B Ca™ . ROS ¥ B, B OGRS E] 4 Bk
32ms, 195ms, 32ms, ALK EE 3K,
147 MIRZE2GSH.MDA A8z  FE/K
PRS2 R AR AL 2L, AR 2 25 K A B AR K 4
FE () S (mL) 1 : 9IRA, VKRG e 0 WFEE
P RES s, HIEHZAIH, 4000 v/min 5.0 5 min,
B35, $% GSH . MDA &5 & 1 i 5 5E .
1.48  Western blotting #& M & B 21 22 MCU.
MnSOD . SIRT3 & & £ ik  FEAFEMES5x L
ZMW (4 DIRS), BWS~10min &S H . —diH
FEWEE 1 2 1000, 2800 —PiM Bk 2y 1
10 000, B BE4F: 150 mA, 1 h, B EE
3.
1.5 Sit=rFiE

¥ 23 Hr 2K JH SPSS 17.0 I GraphPad Prism 6.0
GEATEAE . TR R A B + bR (xx5) RO,
Fe B 7 22501, iE—20 W LU 3R T LSD-1 K 6 .
P<0.05 B ZEFA G E L.

2 #R

2.1 &H B KFRIER AL RRIEITF S M FE Amy.
Lipase.|L-6 7K F Lk %

2 2H K BUBE AR HE 3F 43 A1 I Amy . Lipase |
IL-6 K FIE, &l M, ZRAGHIT¥EX
(P<0.05), APZE %4l (P<0.05), XfHRAY
RRAWH, ZRIGIH#E X (P>0.05), AP+RR
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THASAPHLE, ZRILESHEITFE L (P> RUAPBAIGZ H NI, WK 1% 2,
0.05) . IiL75 Amy . Lipase. IL-6 7K FlZH 41227484k

X Rl AP AP+RR T4 RRAH
T X2 RR TG S . AP ZH R BRUBREAR 52 B S Kk i, DR 0 200 AR, /NP TR B 5, A S ARt A i S R s vt ik, ™ s, ot
A5 AR A M R0 FT S RE I ELAS 4, S etk (R G A S 3R5E . AP+RR 4L/K P70 &, & RE A 10 A DL I e ik 20>
E1 HBAARBERELAHELREBER (x200)

R2 HBAARBEIRALRFIETSINME Amy. Lipase L-6 Lt  (n=8, x+s)

21571 JERRREH SO E R 53 1L Amy/(u/L) 1fiL 7 Lipase/ (u/L.) 175 T1.~6/(pg/ml.)
Xof HR 41 0.200 + 0.283 862.000 + 223.671 15371 £ 1.613 8.653 + 0.478
AP# 4.150 + 0.463" 1 442.444 + 206.2017 18.700 + 2.246" 10.326 + 1.238%
AP+RR T4l 3.750 + 0.499% 1 405.556 + 235.323% 18.180 + 2.459% 9.724 +0.341%
RR 21 0.325 +0.545% 1058.000 + 86.226% 16.171 + 1.341% 8.668 + 0.328%
F1H 173.932 15.571 4752 11.909
PE 0.000 0.000 0.010 0.000
T O5M AL, P<0.05; @5 APLILES, P>0.05; @ 5% IR4LLLE:, P>0.05.
2.2 HEKRIEIRR QMBS R . L AMNGE . AP+RR 4 FiR AR fE

AHRZL, RRALMIEANME IR mT, AP BCAPALIUR, MRIGANIEROKM, A1 H 05 0L 5
R AT P BE K I, PR TR R, s WOTHAR, BB dORI BRI AR, TEAR
AU A . AR R AR HIE , R K/ T, SRR, WEAEAE 5 A AN g 4 A

TR, ST, BRI T, iRk, e W2,
2R IR N QN 0 1A ab N [ T SN A

X B ZH AP# AP+RR il RR 4

M : 2R A4 RER KT I 5 Go: i R JE(A N 20 42% s Nu: ?FZL,SC @ﬁ)ﬂﬁﬁ SL: IR A ; ASS : Ewi{ﬁ@ﬁﬁi
Fl2 KAKRIFBMAMBHREMITE (x8000)
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2.3 FEKRRMCUEMNRIEE, ERER Ca*. 4 W3~ 53,
BRI Ca* iKELb &

25 41K B MCU A X 35 i, BRI Ca™ |
ML B Ca R LS, AT, ERA

X R ZH APZl  AP+RR4l RR4

MCU 30 kD

N . B-actin — N — 42 kD
GiitoFE L (P<0.05), AP TXIE4 . RRA
(P <0.05), AP+RR T Hi 411X T AP 4 (P <0.05) . B3 &ZAXRBERALMCUEANRIE
PapiicEaEN AP AP+RR T7iZH RR %1

4 FBHAKXBRRFROAMMERIERN Ca*kABEETML (x200)

X IR 2 APZH AP+RR T4 RR %
5 FHHKRRIFOMAEANFES Ca™EHBELTH (x200)

®3 VAKXBRMCUREMRIELE, LHiMkRK Ca*. 24 FTHKXRBRERHAL MNSOD,.SIRT3ERIXE,
B miiFss Ca™ iRELLE (n=8,xx5s) GSH.MDA & £F1 ROS &R ELL 8%
4151 MCU LRI Ca™ MDY Ca™ 25 41K BUEE R 41 20 MnSOD | SIRT3 % 35 #E
ot B2 0373£0.108  1.657+0.010 1719+ 0.011 GSH MDA 7 £ Fl1 ROS 2¢ 5 i e, & 07 22 0 it
AP4 0.990+0.113%  1.951+0.019” 1.864+0.1317 ZRA G X (P <0.05), AP 24 MnSOD | SIRT3 .
AP+RRFHiZl  035420.100° 1.669+0.018% 1.700 +0.052% GSH I F X} B 2 (P <0.05) , ROS . MDA 1= T X B 2H
RRZH 0.356 +0.0879% 1.6590.003% 1.724 +0.008% (P <0.05), AP+RR T #iiZH ROS MDA X F AP ZH (P <
FAH 28.251 331314 3.419 0.05) , MnSOD .SIRT3.GSH 5 T-APH (P <0.05) . W,
PAH 0.000 0.000 0.043 FAFKE 6~ T,
T OS5 IRA AL, P<0.05; @5 AP ILEE, P<0.05; @5

Xf IR LA, P>0.05

F4 FAKXRBEFALMNSOD.SIRTIFKIEE,GSH MDA SEFIROSTWHIEELLE (n=8, x+s)

2151 MnSOD SIRT3 ROS GSH/(pmol/g) MDA/(nmol./mg)
iR 2.031 +0.453 0.565 + 0.170 1.709 + 0.013 133.409 + 24.631 2.162 + 0.608
AP 0.912 +0.123" 0.272 +0.078" 1.810 = 0.001" 79.768 + 17.762" 4.023 £0.651"
AP+RR T-Hil2H 1.844 +0.383% 0.475 +0.117% 1.704 = 0.011% 114.165 +22.680° 2.548 +0.453
RR#H 1.946 + 0.462° 0.562 +0.176% 1.719 = 0.009° 132.007 = 45.283% 2.181 = 0.464°
F{H 5.582 2.856 82.071 4.862 30.035

P1H 0.023 0.015 0.000 0.009 0.000

I OS5 IRLLF#L, P<0.05; @5 AP4L#L, P<0.05; @) 5% IR, P>0.05,
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X AR 2 AP#

AP+RR THiiZH RR#H

6 VHEKXRRAHMIEROSIHABEETH (x200)

Xof B2

MnSOD -—- — i 25kD

qpp; TR e g S

s

7 BAKXRIEREAZL MnSOD. SIRT3EAWFRIA

APZ  AP+RR#4 RR#

GAPDH

3 iip

MCUZ 5 T 20 AWM, HhfEf & &
g5 0 I8 FR G0 R R M IE g g 21, MCU
i 3 Calpain/OPA—1 2538 [ , 520 28 b7 1A 175 1 5 e
R AR FNZALAR 53 24/l G P47 (R A MR T
2 55 /I BRURE A0 UL L - 34 3 958 45 A0 ) 495 2 i 45
P MCU | 8 £ RE AR Ca™ £ B, 38 3 710 il NAD"/
SIRT3/SOD2 il [ Fl1 ROS 4 1Y c—jun % & K it 5% il
AR, (i E R 0 4 J AR -2 A TE R S ROS/
NF-«B {55, 410 il 5% 5% 7 A- R (R i i fL A1 1 2%
LA I A5 e AP A S i 98 200 B %) A% AR 9 Ak
AR SRR SR 2 MCU 328 5 1Y 85 55 1 i e e i, 2k
RN S RS A S E2 TR NI Tk -3 d s
AL . AP RS A R R 0 A S PN U R R
b 107 I 7 358 i, R AT 25 DA R S5 ) S .
N MCU f A6 35 RR S, AT 0% 31 i 76 40 it 1 1l
e A E i e A R A G A I 1 = W A 0y QL L S8
R AP 5 R B ORI 5 AL N B BR A T AR AR A
P FE A FE s

Western blotting Fl1 %< GCHR £ 45 R W, 76 /i #E ik
75509 AP KB, MCU A5 19 S A 7 384t 10 5 3
A AL 48 A5 ROS Al MDA 7K F b T+, B AL R 7 I+
MnSOD . GSH 7KF- T [ . A #R Y /&, SIRT3 7E MCU 4
50 A AL S 5 B R IR A I 2 MCU 9 FE
B RR M5, E ALK F R [, SIRT3 (1) 25 H 3%
SKIKE B FE, 3 HE 7R SIRT3 7] g & AP 446 7 354 4
AR R, MCU B30 AT Re 4 1 SIRT3 4 5 1Y

HH G 5 2 AR . MCU A998 £k o] LA il JiF
95 40 2 v B9 NAD*/SIRT3/SOD2 3 1% , 4 i JIT- 98 20 ity
77 A ROS , 38 5 98 41 M A9 TR AR 28 R B fig 1,
2 U] SIRT3 Y 1% Ak AT BE D ] MCU 47 5 /% ROS /K F-
AT 00 ) 42 A0 I 8 e L R R S AR A 4 R A
£ o SIRT3 7] GEJ& iR J7 AP S 1k 1 38 8 195 B9 o
EiLyEes

ANFERY S A MCU TG ik 2036 AP 1) B ™ 5
PR . X —45 55 CHVANOV 252048 L — 50 iy
WFFE R I, LR A5 18 O F A2 AP 525 5 R 1 vl
— RN, FLRT BB S 5 Bt 4t 45 405 F AP S B
(R o i 72 . RIS AE MCUICYD-D XU X B Bk /N
B, MCU IR 58 A%, 5256 51 ) 104 1 2 s AR AT
RESEI Ca>!" . DIA ZE21% B, 16 J8 /Y = N 105 =5 T b
(high~fat high—sucrose diet, HFHSD ) M 3% i) /N Bt 30
B & FACHT B R 0 UL , E HEHSD (L JUL 2 i o
WL 3 IP3R/Grp75/VDAC 53 i &2 4 1A />, 1P3 3]
TG i) A AR B B 3 /L HU: MCU B HL 9 4 7 3
MICUL Jf R 2 5 B 2R 485 55+ 21 AL iX — L
HEHSD U UL 241 i £ 3 4 55 45 Bk /0> 3 22 2% 0
AR — LA VR Ty B A AR I 0 T B, AR 9T 2 LA
i MCU A fi 18 32 SIRT3/MnSOD 38 4 3k 417 ] . 19 fi
i 5 110 S Ak I 38 s I, {HL R B R T RR IR R B
% 35 A T 8 ) B ™ SR AR JE . MCU AE AP B &
A R R R R AT RE R TR R . SR
FE AR H, B 00 R I R 8 1) 0k 2 B [ A,
FELJALL L, AP MG RIGYT o AR I B g 4 o A B
GEAR 78 P9 B2 20 i T e R A, SRS S MCU
HH O B 5 8 2 IR T R ROS 451447 114 ¢ B 2 ) £ )
AR, RR 76 AP WA YT 5 B A B K W e
Wil .
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