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HIRI+REM %, HIRI+PGC-1o filIfl5] SR-18292 ( HIRI+SR-18292 ) £l HIRI+REM+SR-18292 4, 4418 H., X
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sham ZH Lb#5%, HIRI 41K RIFAZUREIT5r BTSSR AL R B N, Iy RN iR 2 (ALT) . KA
TRIEE M ( AST) KEHMAFLHLIHF ROS, A (MDA ) KETHEr, FFAZh ATP & DL S L i 4L s
(SOD) . At H ki E /LY (GSH-Px) . COX-TH COX-IViE MK FEFEAT, FFZL4 % mtDNA 5 0U8 L &
PGC-la., NRF-1, TFAM mRNA FIZE AT FEAL (¥4 P<0.05) . 5 HIRI 4 4, HIRI+REM 41K T4
LURERIE o S AP AN MRS ERE R R, I b ALT, AST /KSEARIAFZLZ % ROS, MDA /KFERE(R, AF41ZR
ATP % & LI K& SOD, GSH-Px, COX-TH1 COX-IViFHAKFT &, 4L mDNA # 1%L & PGC-1a, NRF-
1. TFAM mRNA FZE 28K TR (¥4 P<0.05) , ifii HIRI+SR-18292 4K BUIT4H SV BRI/ K T4 4R 40 i
WRBERLEERS AN, IMTEH ALT. AST KEFIAFZIF ROS, MDA KT, HF4HZH ATP & LI K& SOD. GSH-
Px. COX-MNFI COX-IVIEMAEREAR, JF42 s mtDNA # 115Ul % PGC-la. NRF-1. TFAM mRNA FlI%E (5
IRIKEFEAR (2454 P<0.05) . 5 HIRI+REM 4 4, HIRI+REM+SR-18292 #H K FUITF4H 2V BT S K T 4H 2R 4m i
IRFERREESE N, If3E ALT. AST ACERAF41ZH ROS, MDA K F-THE, AF4140Hh ATP &5 LI SOD, GSH-
Px. COX-MA1 COX-IVIGPEACTEFEAR, AFZHZH mtDNA #% 144 L J2 PGC-1a. NRF-1, TFAM mRNA F1%E [
EIKERER (38 P<0.05) o it PGC-la @it Rt LRRi R A& K, FRAREALNBOKE, dms 501
REM #t HIRI i3 7%,

[ SR ] NS -FEESG; B Ke; SR RIS A P 2 y B B - 1a; SRRIARITIR
BERAW); IETEESE; LRIk DNA; BRI TF A; BRI -1
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[ Abstract] Objective To explore the role and mechanism of peroxisome proliferator-activated receptor vy
coactivator-la (PGC-1a) in remifentanil (REM) resistance to hepatic ischemia-reperfusion injury (HIRI). Methods Forty
SD rats were randomly divided into sham surgery group, HIRI group, HIRI+REM group, HIRI+PGC-1a inhibitor SR-
18292 (HIRI+SR-18292) group and HIRI+REM+SR-18292 group, 8 rats in each group. HIRI rat models were constructed
using non-invasive arterial clip occlusion method, and REM or SR-18292 were intravenously injected before surgery. The
liver function indicators and liver tissue adenosine triphosphate (ATP) levels in the serum of rats were detected by assay
kits. The activity levels of mitochondrial respiratory chain complexes Il and IV (COX-II, COX-IV) in rat liver tissue
were assessed by colorimetric methods. The pathological changes in rat liver tissue were observed by hematoxylin-eosin
staining. Reactive oxygen species (ROS) and oxidative stress-related indicators in rat liver tissue were measured using the
fluorescent probe (DCFH-DA) method and colorimetric methods. The mitochondrial DNA (mtDNA) copies and the
expression levels of PGC-1la, nuclear respiratory factor-1 (NRF-1) and mitochondrial transcription factor A (TFAM)
messenger RNA (mRNA) in rat liver tissue were quantified by real-time fluorescent quantitative polymerase chain reaction
(RT-gPCR). And the protein expression levels of PGC-1a, NRF-1 and TFAM in rat liver tissue were assessed by Western
blotting. Results Compared with the sham group, rats in the HIRI group showed increased pathological scores and
hepatic cell necrosis in liver tissue, elevated levels of alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) in serum, and increased levels of ROS and malondialdehyde (MDA) in liver tissue. Additionally, there was a
decrease in ATP content and the activity levels of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), COX-
IT and COX-IV in liver tissue, as well as a decrease in mtDNA copies and the expression levels of PGC-10, NRF-1 and
TFAM mRNA and protein (all P<0.05). Compared with the HIRI group, rats in the HIRI+REM group exhibited decreased
pathological scores and hepatic cell necrosis, reduced levels of serum ALT and AST, and decreased levels of ROS and
MDA in liver tissue. There was also an increase in ATP content and the activity levels of SOD, GSH-Px, COX-1ll and
COX-IV in liver tissue, as well as an increase in mtDNA copies and the expression levels of PGC-1a, NRF-1 and TFAM
mRNA and protein (all P<0.05). In contrast, rats in the HIRI+SR-18292 group showed increased pathological scores and
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hepatic cell necrosis, elevated levels of serum ALT and AST, and increased levels of ROS and MDA in liver tissue. There
was a decrease in ATP content and the activity levels of SOD, GSH-Px, COX-1lI and COX-IV in liver tissue, as well as a
decrease in mtDNA copies and the expression levels of PGC-1a, NRF-1 and TFAM mRNA and protein (all P<0.05).
Compared with the HIRI+REM group, rats in the HIRI+REM+SR-18292 group had increased pathological scores and
hepatic cell necrosis, elevated levels of serum ALT and AST, and increased levels of ROS and MDA in liver tissue. There
was a decrease in ATP content and the activity levels of SOD, GSH-Px, COX-1ll and COX-IV in liver tissue, as well as a
decrease in mtDNA copies and the expression levels of PGC-1a, NRF-1 and TFAM mRNA and protein (all P<0.05).

F16

Conclusions

biogenesis and reducing the levels of oxidative stress.

PGC-1a plays a role in regulating the process of REM resistance to HIRI by promoting mitochondrial

[ Key words] Hepatic ischemia-reperfusion injury; Remifentanil; Peroxisome proliferator-activated receptor vy

coactivator-1a; Mitochondrial respiratory chain complex; Reactive oxygen species; Mitochondrial DNA; Mitochondrial

transcription factor A; Nuclear respiratory factor-1

FERE B - PR RS (hepatic ischemia-reperfusion
injury, HIRI) Sz R T5 A FH WAL AR A0 1] 1) &5 D0 T
RAE, FoG R D RE RS ] — 2P 5 v s B T
gl 4 S, ik, Wi ANATT HIRLZ2 R Z
e JA 15 9 3 ] 5C 7 A 1] A . HIRT B9 2 A= 8 e 22 4
M. ZHUHIR LRI, ARk R B, FEEI
8] 1L N BTGP 4% ( reactive oxygen species, ROS)
KRR BRI RE Rl , BUF4if R IH T,
e APt — N E HIRI®, 3o 8 Ak Wy T 154 51 0
ZAK y HIEF-1a (peroxisome proliferator-activated
receptor y coactivator-la,, PGC-la) J&—Fhf% LG
PRI, JHE 5 I a0 R G 2 sk PR 7 1) 8 408 T 7 4
& DNA ( mitochondrial DNA, mtDNA ) & i % 1%
FEAEHW, KR, PGC-1a By K HAR
FEPUR S IR . OoE . MK ZH 2155 22 28 B e sl P
WA I, 1 EE PGC-1o Fak n] i gELokr AR FE K
20 S TR S, R T 2 R DG 2H 2R ol - P
3, $&/R PGC-la 7] BE2& TR iR Y7 HIRI (47 72 5L
A8 32N K 2 (remifentanil, REM ) 2—FiE %%
P ARERAG ISR IE 28 p BB RS2 AR5, Bz
N FFAR RIS AR RS REAEF R CE
5%, REM W] 2038 i JUE 55 22 Fh 28 1 10 ot - 79 1 43
B, ABFTS K iy LRI R R S 450, [, 2RI
e BESY & B, REM Xt PGC-la f 23k HAT ¥
YEM, JfaE— 208 RELO I . 2R, PGC-
la A I ERLIR A Y & U & 2 59875 REM 5t
HIRL i, FREGH A, AP HIRT R R
B, 45T REM K& PGC-1o #1175 SR-18292 #4770
AbFE, ¥Rt PGC-1a £ REM #T HIRI i3 & g /EH
E 70 REM (11l R FH AR B 22 B 3 Ak 4

1 #MHEF*
1.1 SEIe#Y
8 J] i M M 19 TG 4F A2 W JEL AR Sprague-Dawley
(SD) KB, tAFiH N 220~240 g, 40 H, W H
el Rz S s oty AR ATIES A SCXK
(56) 2020-0019. #f SD KR TheRdpsgrh,
HAMYOKEE . RPmpii e SR K IR 7 B
PRSI ot (415 202201036) .
F R GG SRR REM W B 7175 B e 2y

i B3 A BR 2 5 PGC-1o 411 il 51 SR-18292 ) F 55
[l MedChemExpress 23 7l ; 26 ki /K IE W #% &2 & W)
(' mitochondrial respiratory chain complex, COX) -
. COX-IVilFl &34 7 R Sk A= W B I
WAHBRAFE S bt PGC-la, #IFMHF-1 (nuclear
respiratory factor-1, NRF-1) | ZFifhfEZH T A

( mitochondrial transcription factor A, TFAM ) FlH
I 3-8 R B S B ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) $i{& 4 [ %< [E Abcam 23
7l; ROS. W ( malondialdehyde, MDA ) . #i
FAY AL ( superoxide dismutase, SOD) . & Bt
H M LW ( glutathione peroxidase, GSH-Px ) .
N 2% %W ( alanine aminotransferase, ALT ) Fl1K
AR BR %5 % B ( aspartate aminotransferase, AST) 5
DR & 34 0 r s AR ) TR T A PR A )
=W IR ( adenosine triphosphate, ATP ) £ il iz
7 & W B 3 E Sigma-Aldrich 23 7 ; 73 K K -4

( hematoxylin-eosin, HE ) # (a7 & . LA 20
& R EMEEE N (real-time fluorescent quantitative
polymerase chain reaction, RT-qPCR) {7 &4 H &
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FEAUEHMUFE . HistoCore BIOCUT Ji ) Hr ALy
H {4 Leica A F); AUS800 4 H shAEAb MU A 55
[ D1 502 /AF] 5 Fluoroskan ZéEREEARY . 7500 RT-qgPCR
Z 4.4 A 25 [ Thermo Fisher 2y & ; ChemiScope
6000 b2 & R R Ge M B g SR 28 A R
yNCIS
1.2 SEIsrZEFNAbIE

¥ 40 LR BBEHL 2 R Il F A (sham) 41|
HIRI 21 . HIRI+REM 41, HIRI+SR-18292 ZH Fl HIRI+
REM+SR-18292 41, 434 8 H . H:¥ HIRI+REM 4
Al HIRI+REM+SR-18292 4 F A Hij 30 min # ik v &
REM 2 pg/ (kg'min) ", $F4E 15 min, 5224 10 min,
HIRI+SR-18292 41 fll HIRI+REM+SR-18292 41 F A {if
35 min Pk TE S SR-18292 30 mg/kg!™, sham 2H 15+
e R BER K

HIRI ARG AT, KEFARHE 16 h 25 A%k
K, 2P EREE SRS R R, AR R R
WP, SEE P Y) O TR R, BRERATE, fi
JFHIC A 1147 S BEL T 11 IOk R P 3 Ik 43 S B9 A N 1 4
Fe, AER R ZE T BERE B 45 min, WLELE]FFI 2
B R 260728 Ry 1 € B R i e 2, RS A AR ot
e, A MR RE D, FHETE 120 min J5 ARFER
L, HU IS I H SR AR o T AR AR BRI A
JY), sham 415 5% IFE 5 57 B OGP IE s, AR aEA T Gk
I PV A
1.3 MRABTSFE
1.3.1 Hahseson BOKRAEm=RTE 1h, 1500xg
B0 10 min JE4r BI04 A Sh AR 3l 2
B IME D ALT A1 AST 1955
132 ARBEEFEE BARNFALATE2RIET
10% 2B E 24 h, U431 & S 4 2504 T
AR R R, KPR o IR A ORI B
SRR SE  BEK, AT HE Yefa, b A
PEATE A, WA T W 6 TR AR LIRSy,
B KRBT/ BRI 4 (0~3 43 ) , ZSiE
B (0~341) , diffi ey (0~34r) , At
W (0~343) , LLAMIIAFR (0~3 43 ) , SRAFZHAE
21 (0~3 43 ) U,
1.3.3 FF4L2% ROS AK-F i)  HUHT & AT 20 203 v af
W, A AR, B R, BE BT R
AL PR RS FIREAR A, B M0t RS 20 e R 5k

ZE % ( phosphate buffer saline, PBS) @&, FHM:
XPHEM 27- R/ A R O REE (2,7
dichlorodihydrofluorescein diacetate, DCFH-DA )
B[R PR A SRS A M, REAE
DCFH-DA H &, MM %N 1x10%mL, 37 C
2 FIEE 30 min, 1500 x g 5.0 5 min, WCAEAN
UUVETTH] PBS Hikk, FIFHEFHR AN 488 nm Ak AH
Xt YGEE(E (relative fluorescence unit, RFU) , ROS
TEHEZS DL RFU 278 .
1.3.4 RAC R BAR X 3547 B ATP ol BG4
SUFMER R U, B LU S KR 109 1Y LB
BA, TEK ERa519K, HI 10% A AR,
1500 x g #5.0> 10 min, AR b IF W00 e 2 R B
Pl b0 VBRI R S U W A, ARSI A% 2
202179 MDA, SOD. GSH-Px fil ATP HJ7KF
135 ZAtker R4 5 &Mmibnl i RT-qPCR &
P FROAR S UL B ARE, BB BUF A S R A R
M, JfRAH BCA Bl S kB, PR 30 pL ¢
FEAR I E AL, 42 B S idd B B E R O A
AR, R EEFR A R 550 nm ARG EEAE, A
BANFAHL R COX-MAT COX-IV G HEKE
1.3.6 mtDNA % PGC-la,NRF-1, TFAM mRNA #: il
Wi F RT-qRCR 7%, 4% 70 G i I 1540, 4051
PEHUAS L AT AU 5 RNA Al mtDNA, # RNA 5%
S H 4 DNA ( complementary DNA, cDNA ) , %
FH 22 RE K 4 15 5[5 40 i 65 3R b B9 ¥ DL B0AE R
mtDNA # D5, 519)eslinge 1, & & R 50,
98 °C 2 min, 98 °C 155, 65 °C 20 s 5514 FAGH 40 X
HEATY 4G . DL B-actin NS, 2740 LIRS AU
ZH 21 rh mtDNA AH XT #8 DL 4k DL &2 PGC-1a, NRF-1,
TFAM f5{# RNA ( messenger RNA, mRNA ) FHX} 3
LY & O
1.3.7 PGC-la & & % NRF-1.TFAM & @l R H
B RERE T, BOH A P ST AR R o, R
LS RUH WAL 12 10 WELBNRS, DFEE, 1500 x g &5
O 10 min, WCEE B3, e SR IR . BB TR
BT 95 C &JminAert, ks, FRHITER
HL Pk, 1R 200 V, 30 min, Z R By % 55 A4
1 oem BPZOE, Bl HEATRG I ERAE . B IG B0 S 1 2R
TR 5% WEAE WK E & AT 30 min,
FEHR 1 1000 19 LLBIAR B —Be, I3 & &b i3
PO IMA—dt, 4°C 18RS, Fl—4t, A
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Table 1 Primer sequences
FEA EiE51Y (5'—-3") TSI (5'-3")
mtDNA AGCTATTAATGGTTCGTTTGT AGGAGGCTCCATTTCTCTTGT
PGC-la CGGTGGATGAAGACG GATTGCC ATTGTAGCTGAGCTGAGAGTTGGC
NRF-1 CGAAAGAGACAGCAGACACG AAGACAGGGTTGGGTTTGG
TFAM CAGAGTTGTCATTGGGATTGG TTCAGTGGGCAGA AG TCCAT
B-actin TTCCTGGGTATGGAATCCTG CAGCAATGCCT GGGTACAT
1: 5000 A B —pt, wULMEEERFE 30 min, B . ) w0
$it, AL 20 9 Tris-HCI 22 slvE 3 UK. KIS wl ;
T ECL OB | min, SEAMESECBEE 2, T c
W, Image JERAFAMT 2000 K EEAE,  H RO EE IR 36 2 2004 b 24 :
KEMHNERSNSEAKEEN ILERR. 1001 2001
14 SFitEFHE

K SPSS 26.0 BTG F0HT . FFAIEDS
S3 A I T OB R B B br i 25 %o, 24T
OB BCR SR R 7 2 00T, WAL R ROk
FLBR A ST REAR ¢ K30 . P<0.05 25 A Giit#

2 % X

2.1 HBAARMFES ALT F1 AST /K FLLEE

55 sham 40 ML %, HIRI ZH K KL %5 # ALT Al
AST /K F-TH; 5 HIRIZH H#, HIRIWREM £ K il
I3 H ALT Fl AST ZKFRE(I%, 17 HIRI+SR-18292 4
KR H ALT #1 AST KT+ ; 5 HIRI+ REM
ZH 1%, HIRI+REM+SR-18292 2H K KL Ifl it ALT
FAST /K P (35924 P<0.05, KBl 1) o
22 BAKXRFARRBFENFIERGIES LR

sham 20 K AL MMIE S IEH , ALY
JAFR B S R 4 i I 3 HIRI 44 F11 HIRI+SR-18292 4H
SRR iz A PEIRFE . A% [ 4, FSE N 2 ALt
I, KERAEAIMIENE ; HIRIHREM 20 T4 240 W40
it 52 25 M AR AR K S E AN MR, A DL A A ) A 4
ZEFIRE IR ; HIRIHREM+SR-18292 £ JiT 2H 4145 HIRI+
REM #1650 X K™ & (K 2A) o 5 sham 4
Fods, HIRIA K RATFH LU BB IEs T m; 5
HIRI 4 kb %¢, HIRI+REM #H K BT 26 2055 2 461 455
PEAFFEAR, T HIRI+SR-18292 2H A Bl 4H 27 95 L 43
BivE4FHE ;5 HIRI+REM 40 HE#%, HIRI+REM+SR-

0- 0-

K\“‘Q‘%\\é«) &ngm 'ﬂq’%\ X&&%‘(\\%\L& @g\\%@q’?@g"%
‘(\& & %‘2" ‘3‘\‘* S Y
\X o N W \\X@“\
‘é& «
H: 5 sham 4l %, °P<0.05; 5 HIRI 4 H %8,
p<0.05; 5 HIRI+REM 41 lt#, P<0.05.

1 FHAXRIME ALT #1 AST KT
Figure1 The ALT and AST levels in serum of rats in each

group

18292 4 K BUAF A R BRI A 1E 0 TH i (¥ ok
P<0.05, E2B) .
23 FHAKRIFARRENIHEXIEIREE

55 sham 4 L%, HIRI 41K FUTF4H 419 ROS FI
MDA 7K*F-Jt &, SOD #l GSH-Px il EF& 1% ; 5 HIRI
ZH Ik, HIRIFREM 44 K B 2H 21 ROS F1l MDA
JK - B A%, SOD I GSH-Px i ¥ 7 % , 1 HIRI+
SR-18292 41 K KT 2 21 f* ROS F1 MDA 7K % Ft
=, SOD Hl GSH-Px 1% PEFAK; 5 HIRI+REM 4] [t
%, HIRI+REM+SR-18292 41 K f{ T 2H 21 ROS Al
MDA 7K F-F1 %, SOD Hl GSH-Px iif HEFEAL (K
P<0.05, Kl3) .
24 BVAKXRIFALD ATP 2270 mtDNA #£ 1
k%

55 sham 4 L%, HIRI 41 K BRUFH LS ATP %
i Ml mtDNA #% UL B BE R ; 5 HIRIA b %,
HIRI+REM 4 K B 4121 ATP 7K °F- Fl mtDNA #
DU %7k &, T HIRI+SR-18292 4H K Bl AT 2H 41
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sham| HIRI4L

HIRI+REM#4]

e AR AR HE2EE A (HE,
°p<0.05; 5 HIRI+REM 4 [h4%,

x200) ;
°P<0.05,
B2 &KAKXRIFEAFRBESTNFERGITES

Figure 2 The pathological characteristics and pathological injury scores of rats' liver tissues in each group

B KA 45 4 B 05 0F 70 . 5 sham 20 LUK,

RO (4)

&5%\%\% @YVQ‘\’ @'& o

Y\\?“\ g ﬂ\x“:‘z‘

*;@

"P<0.05; 5 HIRI 4 1%,

8000+ 800 50+ 200
6000 @600— ?040' gu 150
:4000- 5400— = Sf 100+
s 2 5"
2000+ =200 o O 50
ol i
@&%\,‘&\% @&%@&&%@'ﬁ% & ‘&@& @qﬁ%@q’@ \\%“\%;,\Q‘ %$@€\®%¢q¢%%1q¢%
\X‘?» Xg‘l* XQ,Q* ‘2‘ ><$$ XQ& ‘3‘ x%$ x%$
S ® W © W& ©
N\ & &
A BCHS4 ROS K5 B ENA4] MDA /K5 C B4l SOD /K- D Eh4-4] GSH-Px /K-, 5 sham 41tk
B, *P<0.05; 5 HIRI 415, °P<0.05; 5 HIRI+REM #4104, °P<0.05,

B3 HAKXRFARASNKMHEXIERKF

Figure 3 The levels of oxidative stress related indicators in liver tissues of rats in each group

ATP 7KVl mtDNA 5 D5 ik ; 5 HIRI+REM 41
%, HIRI+REM+SR-18292 #H K KT 4 41 rh ATP
JKFFT mtDNA $5 DUEREAR (3428 P<0.05, Kl 4) .
25 EHKRBRAFAAPENETRESSYER
KELEE

5 sham 41 F%¢, HIRI 41 K BUF 4148 COX-
. COX-IViFMEAKFRE(%; 5 HIRIZH LA, HIRI+
REM 4 K FF4 2% COX-M . COX-IViF K- TF
&, 1 HIRI+SR-18292 20 & BT 44 21 COX-1II .
COX-IViETEACEI#A%; 5 HIRI+REM 41 kb4, HIRI+
REM+ SR-18292 # K B 41 2 v COX-1. COX-
IVIGPEACEREAL (3428 P<0.05, El5)
26 FHKXRAFAELH PGC-la. NRF-1, TFAM
mRNA F1IE B RIEKTFELLE

5 sham 4 %, HIRI 20 K BT 4H 41 PGC-

la. NRF-1, TFAM mRNA Fl1%E [ 235K FHIFEAIL .
5 HIRI 41 %, HIRI+REM 2H K FUIF2H 21 PGC-
la, NRF-1, TFAM mRNA 14 [ #£ kK E4 T,
I HIRI+SR-18292 41 K [ JH 44 41 PGC-1a.. NRF-
1. TFAM mRNA FI#E R IA KBRS ; 5 HIRI+
REM 4 [ 4F, HIRI+REM+SR-18292 4 K KT 41 21
1 PGC-la. NRF-1. TFAM mRNA Fl7& 13235 7K F
BIREAR (¥10 P<0.05, K 6~7)

3 %

HIRT 55 ke 1. [ B 458 £ 1P 1 o B At 3 4 7
gy, VFZMOLT, Bfl5 FHETE S B0 A0 T hE
FUBR I EE, X5 A AR AR A T 4
R A S RE BT 45 22 B IR 3R ST A ST B IR
52, NIAEE . A SRR SR I RR B 25 4l A —
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%)
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COX-IV (U/mg)
%

ATP (nmol/mg)

COX-Ml (U/mg)

0-

DS
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. 5 sham 41 b8, °P<0.05; 5 HIRIAL L %2, . 5 sham 41 L8, °P<0.05; 5 HIRIAL L %2,
°P<0.05; 5 HIRI+REM 41 4%, °P<0.05. °P<0.05; 5 HIRI+REM 41 4%, °P<0.05.
B4 SHEKXRFEAL ATP S=F0 mtDNA # 01# 5 BHXRFHRALNEIFRES SWEEKFE
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