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[ Abstract)
with dilated cardiomyopathy ( DCM ) in relation to the interleukin-6 ( IL-6)/signal transducer and activator of
transcription 3 (STAT3) /glutathione peroxidase 4 ( GPX4) pathway. Methods A DCM rat model was established
by intraperitoneal injection of 2. 5 mg/kg doxorubicin. The rats were then divided into Model, low-dose ( Rem-L, 2
pe/kg) , medium-dose (Rem-M, 4 pg/kg), and high-dose Rem groups (Rem-H, 8 pg/kg)
+Colivelin (STAT3 activator, Rem-H+Colivelin, 8 pg/kg Rem+1 mg/kg Colivelin) group (n=12 rats per group).
left

left ventricular end diastolic

Objective To investigate the mechanism of remifentanil (Rem) on myocardial fibrosis in rats

and a high-dose Rem

Another 12 normal Wistar rats were set as a Control group. After continuous administration for 4 weeks,
ventricular end systolic diameter (LVESD) , left ventricular ejection fraction (LVEF),
diameter (LVEDD ) ,
collagen (Col 1),

myocardial tissue were detected by immunohistochemistry. Pathological changes in myocardial tissue were detected by

and left ventricular fractional shortening ( LVFS) were measured by ultrasound. Type [

transforming growth factor-B1 ( TGF-B1), and type Il collagen ( Col Il ) expression in

Masson and hematoxylin/eosin staining. 11-6/STAT3/GPX4 pathway-related proteins were detected by Western blot.
Results Compared with the Control group, rats in the Model group showed obvious increases in LVEDD, LVESD,
Col T ((123.62+10.78) vs (76.53%6.12)), Collll, TGF-B1, IL-6, and phospho-STAT3""*/STAT3( (0. 95+0.
05) vs (0.46+0.92) ) in myocardial tissue, and decreases in LVEF ( (52. 19+4.88)% vs (76. 78+6.97)%) ,
LVFS, SLC7A11, and GPX4 ((0.11+£0.01) ws (0.43+0.04)) (P<0.05),
accumulation, and myocardial fibrosis.
showed reduced LVEDD, LVESD, Col I ( (98.74+7.28) .(84.27+7.13) vs (123.62+10.78) ), Collll, TGF-B1,
IL-6, and p-STAT3™*/STAT3( (0. 81£0.06) .(0.57+0.04) vs (0.95+0.05)) in myocardial tissue, increases in
LVEF( (69.85+6.13)% .(72.83+6.55) % vs(52.19+4.88) %), LVFS, SLC7A1l, and GPX4((0.24+0.02) .
(0.36+0.02) »vs (0.11£0.01)) (P<0.05), and improvements in myocarditis injury and fibrosis.

able to reverse the improving effect of Rem on myocardial fibrosis in DCM rats.

inflammatory infiltration, collagen

Compared with the Model group, rats in the Rem-M and Rem-H groups

Colivelin was
Conclusions Rem may reduce

collagen accumulation and improve myocardial fibrosis and cardiac function in DCM rats by adjusting the 1L-6/

STAT3/GPX4 pathway.
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2)°C ¥ 50% ~65%,12 h/12 h &/ ¥, H
H AR ROK S5 T 18 B MR 5%, AR 5% /i O )|
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H (collagen I, Col M) . %%tk A4 K K+ - Bl
( transforming growth factor-B1, TGF-B1) ¥J 1 H
Arigo A A (#5405 ARG30011, ARG30012 .,
ARG30015) ; IL-6, p-STAT3™ STAT3 GPX4 ¥
AR AR ZE 0% 7 WL 51 11 ( solute carrier family 7
member 11, SLC7A11) | H i1 ¥ — 3 — 8% iR It & il
( glyceraldehyde-3-phosphate dehydrogenase ,
GAPDH) Ht & ¥ H Abcam 23 & (41t5 43 51 N
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LVEF) . & = &F 5k # K 42 (left ventricular end
diastolic diameter, LVEDD) | 2= %5 W 4 W K 4% (left
ventricular end systolic diameter, LVESD) | /= % 54
h 45 % R (left ventricular fractional shortening,
LVFS) , #1540 LVEDD \LVESD % Control 41 i
EFtE , LVEF \LVFS ¢ Control 20 1 2 FEAIL, 25 5%
B G2 # R L (P<0.05) , W Ui 3 B A )
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7% (Rem-H) 41, Rem 7% 7l & + Colivelin ( STAT3
HER, Rem-H+Colivelin ) 4H , £:4H 12 H . K=
SRk R ) T S 56 45 R , Rem-L ,Rem-M |
Rem-H 273 5 M =3 4 2 .4 .8 pe/kg Rem, I8
J T 5 45 i 0. 9% FAAL 17 W ; Rem-H + Colivelin
HE S 8 we/kg Rem, JF M8 s i 41 1 mg/ke
Colivelin' " ; Model 41, Control 21 %5745+ 0. 9%
FACSRIEI, B REG 20 1 IR IESR 525 4 4,
1.3.2 RECCIEYIREFEbRAG I

BRI ARG B R BUREE I 2 B g
PRBAR o PR I BT BIMAE [ 5 4 e 1] 1
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0. 9% FACEN I W VRIS , B 22 5 B B b [
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AL RIZE Ty 4 wm PIR &
P L 0, ZR AR KR Uk, TRR R L R
P T B A, b B T MO LA 4L
PG
1.3.4 Masson 4405 K B0 WL ZUE B2
Ak

B1.3.3 #0800 A, A 2 OK S AT
Masson Y&, Ffid i 5t A, D62 BAUEE TS WEE.0
WM LUE Ak, Bk U) 7 B S 40 B X 5%
e,
1.3.5 Sl Avk A KR L2 Col T, Col
Il \ TGF-B1 %3k

W1 3.3 A U IS 2K A 4R
A 4y it BELT VR 25 HR B 75 30 min, JILA 5% 1112 1375
FIRIEE 10 min, FEMA—$L(1 : 100)4 CHEF
B, NP0 (HRP #5i8) E I H 30 min,
DAB &8, SRR R G YL 5 ik , —HAGE M,
B E b2 AR TN R E S SO [ L
ImageJ 1. 53k 441 Col 1,Col I , TGF-B1 ik 1) F-
0% FE{E (average optical density value, AOD) .
1.3.6  Western blot £l 1L-6/STAT3/GPX4 i
FHXE A RE

P AT A 6 AR BANIE, 7B A4, 4
SPRJEIA RIPA 4 MU 2LFR 2467 1 h, B0l 8E
SR ORI R EE . S VEYESS £ 10% SDS-
PAGE 7355 % % PVDF I, 1.5 h J5 /1 5%/t
BUBHA R IR E A 2 h, BEERPLIAR TL-6(1 -
1000) . p-STAT3™™ (1 : 2000) . STAT3 (1 :
1000) . GPX4 (1 : 5000) ,SLC7A11 (1 : 1000) .
GAPDH(1 : 10 000) il A B+, 4 C W5 i 1%,
TBST k¥, A HRP #Ric iy 1LEPi e 1eG —Pi(1
:5000) EIRMEF 1.5 h, TBST Beik, {81k
2R NGRFNHEA T 052, B G ) AR 48 {5 59 BE A
30 s~3 min, ImageJ 1.53k 4347 Hbp 55w K EEAE,

v

ol

(AP IRANT A G4 h 8-bit JKIEEIE, e 3
SIETEAERE H bRy , RISl Hirsk
P B 2 B A T o 457 IR B AH—— Ry 0 5%
JREE PEATREIE, Bl GAPDH M NS R &4
HIE A S NSEAKE A,
1.4 ZitEFH*

KM SPSS 25. 0 HEATEIE G b, BT At
H R Shapiro-Wilk K I8 HI7F & LA, LA
SRR EZE (R2s) BoR . 4 Levene K56 43 B
I7 2255, 45 07 22 5%, Z A A BRI R 7
2508, i — 20 LR FH SNK-q K 3995 %5 7 2548
55, ZH AT Welch 77255007, it —20 LR
Dunnett’s T3 #:5%, Ll P<0.05 AA B EHEZES,

2 ®#R

2.1 DREThEET{L

Model 241 LVEDD . LVESD & % & T Control
2 ,LVEF ,LVFS & Z X T Control 41 (P<0.05),
R E R BT 5 Model 4H #H k., Rem-M , Rem-H
41 LVEDD \LVESD & 2 F&AIk, LVEF |LVFS & %7t
1 (P<0.05) ,Rem-L 2.0 E D) REFE b1 22 7 L5
N (P>0.05); 5 Rem-H 4 #H k., Rem-H +
Colivelin ZH LVEDD. LVESD & % F} &, LVEF,
LVFS B # K (P<0.05) , WL3& 1,
2.2 DAEALRRETK

Control ZH K ELCr WLEH 245 ¥ 1F 1, i o 4L {4,
Y57, TR MRS ; Model 4H K %L Control ZH
FH LG, O ULZH 2052 461 7 T, 200 it A ok ELHES 2% 6L
IR MR 245 255 , Rem-M  Rem-H 41 K &
DAL SV 3 0 5%, A b X R IR I
Frik st Rem-L 2.0 LA 4005 AR AL g3 A8 B 5
Rem-H+ Colivelin 2H%¢ Rem-H 2H #H [t , K K0 AL
AN, A B B iR, LI 1,
2.3 Rem 3 DCM KR /O ALAZEXIZE RS0

Control 41K KL AT UL 20> 2 Bl Yo jli i €20 179 Jig I
214 0 LA HEZ 24 55 Model 2H K BL#L Control
ZHAH EL, AT DR i 0 e I A A IS IR 2R s 48
2525)5 , Rem-M  Rem-H 2H K Bl €0 15 it 21 24 A
BT Model 4, Rem-L 21 K O JILEF 4
AEFEEE 5 Model ZHAHIT ; Rem-H+Colivelin 20 5,
B Rem-H ZHAH Lb, 5 €5 e J5 2 A4k R it 2 11 P
Ham, WL 2,
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2.4 Rem ¥f DCM KER/ALZHZ Col [ (Col I
TGF-B1 RiEHI

Model ZH KO LZHZIH Col I | Col Il \ TGF-
Bl F£ik W3 T Control 41 (P<0.05); 44524

# Model 2 {2 25 [#AIK ( P<0. 05) ,Rem-L 4 Col I
Colll |\ TGF-Bl RiEEF LG ITFE X (P>
0.05) ;Rem-H+ Colivelin 20 ColIll ,Col I \TGF-B1
FIA B EE T Rem-H 4 (P<0.05) , H AR MW,

J5 ,Rem-M Rem-H 2 Col I ,Col Il \.TGF-B1 ik =2 K3,
F1 FHAKRBRCNINREIRIR L (25, n=12)

Table 1 Comparison of cardiac function indicators among different groups of rats(x+s, n=12)

21 51 LEEFFIRMAS/mm  AEWH AL/ mm  EEF M E % e A S AR S 2 %
Groups LVEDD/mm LVESD/mm LVEF/% LVFS/%
X R 2H
6.28=0. 32 3.220.21 76.78+6.97 40.76+4. 22
Control group
FRAIZH
8.53+0.56° 5.310.52° 52.19+4. 88" 23.43+2.39°
Model group
=44
Rem {IGG) AL 8. 12+0. 51 5.10+0.37 54.68+5. 05 26. 42+2. 67
Rem-L group
R 484
em AL 7.220. 44" 4.1120. 26" 66. 85+6. 13" 33.56+3. 15"
Rem-M group
Rem 74
em R B4 6.51=0. 38" 3.54+0. 18" 75. 836, 55" 38. 493, 38"
Rem-H group
Rem 15 54 +Colivelin £
om FiF| 2 +Colivelin £ 8.25+0. 43" 5. 130, 38" 53.21x4. 92 25.38+2. 547
Rem-H+Colivelin group
F/W F=54. 686 W=95. 890 F=46.263 F=65.802
P <0.001 <0.001 <0. 001 <0. 001

T XA, * P<0. 053 SHERIAIAT L, *P<0. 0545 Rem {RGFIBZIAALL, “P<0.05;'5 Rem HEEAIAALL, © P<0.05;5 Rem i
FIAARLL, PP<0.05,

Note. Compared with Control group, * P<0.05. Compared with Model group, *P<0.05. Compared with Rem-L group, ¥P<0.05. Compared
with Rem-M group, “ P<0.05. Compared with Rem-H group, *P<0. 05.

poicei:y HRIZH
Control group

Rem G 4

Model group Rem-L group

Rem 175 i 4
Rem-M group

Rem /77| £ +ColivelinZH.
Rem-H+Colivelin group

—/

Rem & 7 it 41
Rem-H group

e RS SN N 1 i EAREAR NG TP T (AN a1 O
1 A RELO ISR B L (HE, x200)

Note. Black arrows point to damaged tissue; red arrows point to inflammatory cells.

Figure 1 Pathological changes in myocardial tissue of rats in each group (HE, x200)
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RayGEE

Control group

Rem 171 £ 4.
Rem-M group

Rem & 771 B 4
Rem-H group

T ZH Rem (&7t 2H
Model group

Rem-L group

Rem & 7fl| f+ColivelinZd
Rem-H+Colivelingroup

2 ASHKBROWIEA L 1E 5 (Masson, X200)
Figure 2 Myocardial fibrosis in each group of rats ( Masson, X200)

K2 HBHAKE Col I Colll . TGF-B1 A AOD K (k+s, n=6)
Table 2 AOD comparison of Col I , Collll, TGF-B1 expression in different groups of rats(x+s, n=6)

20 5] I W EEE I 20 g s %1&5{3&5{‘_31
Groups Col | Col Il TGF-B1
R 2
X HRA 76. 53+6. 12 73. 1646. 24 21.672. 11
Control group
5 9514
B4 123.62+10.78" 115.07£10.23" 44.05+£3.26"
Model group
=4
Rem {521 115. 39+9. 63 112.2949. 15 42.61+3.23
Rem-L group
R bl
em I BEEAL 98.74+7. 28" 94.95+6. 88" 31.99+2. 51"
Rem-M group
Rem &5 2
em {57k AL 80.27+7. 13" 77.38+7. 49" 25.62+2. 16"
Rem-H group

Rem =7l & +Colivelin £H
Rem-H+Colivelin group

F 32.749

P <0. 001

118.48+10. 02°

110.76+9. 55" 42.88+3.22°
29.123 73.221
<0. 001 <0.001

0. SRR, * P<0.05; SECBIAR L, *P<0.05; 5 Rem XA R4 L, “P<0.05;5 Rem THI B, © P<0.05;5 Rem /&

FilH 2 Hod, BP<0.05,

Note. Compared with Control group, * P<0.05. Compared with Model group, *P<0.05. Compared with Rem-L group, *P<0.05. Compared

with Rem-M group, ¢ P<0.05. Compared with Rem-H group, *P<0. 05.

2.5 IL-6/STAT3/GPX4 BRIHXEQATK
Model 21 K B 0 AL 41 21 1L-6/STAT3/
GPX4 Jil i% #H 5 8 4 1L-6 , p-STAT3™7/STAT3
Fik B FEE T Control 4,SLCTAL1 ,GPX4 £ ik
B EKT Control ZH( P<0.05) ;45 25)5 , Rem-M |
Rem-H 2 K B0 fL4H 21 1L-6, p-STAT3 ™%/
STAT3 & [ & ik 2 3 Ik T Model 41, SLC7ALL,

GPX4 HMHFK AW E S T Model 41 (P<0.05),
Rem-L 4138 J&AH G 8 (A Rk 22 7 LG IHFE S
(P>0.05) ; Rem-H+Colivelin ZH K .0 L ZH
SLC7A11,GPX4 ik & Z X T Rem-H 41, p-
STAT3"™"*/STAT3 & 3Rk & = T Rem-H 41
(P<0.05) ,1L-6 HARIKEZEF LHEITH#E L (P
>0.05) , L5 3,4 4,
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Rem 7] &+ColivelinZd
Rem-H+Colivelingroup
'ﬁ;:'.: Y, »‘T\{A

XFHEZE (EtEEN

Control group

Rem I 4 Rem 7 i 41

Rem-M group

Rem & 771 5 4,
Rem-H group

TGE-B1

3 FHKREONL Col I (Collll TGF-BI A2 Ak (x200)
Figure 3 Col I, Collll, and TGF-B1 immunohistochemistry of myocardial tissue in each group of rats (x200)

0

R 3 IL-6/STAT3/GPX4 il HAH G 121K (s, n=6)
Table 3 Changes in IL-6/STAT3/GPX4 pathway related proteins (%+s, n=6)

ZH BI
G’E” J 1L-6/GAPDH p-STAT3™7%/STAT3 SLC7A11/GAPDH GPX4/GAPDH
Toups
popiicka|
0.35+0. 01 0. 46+0. 02 0.610. 03 0.43+0. 04
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L ¢
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R il
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R 454
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P <0.001 <0.001 <0.001 <0.001

T XA, * P<0. 055 ST, "P<0.05; 5 Rem (Rl AIMIEL, “P<0.05;5 Rem Pl AL, © P<0.05;5 Rem &
FIEAALL, PP<0.05,

Note. Compared with Control group, *P<0.05. Compared with Model group, *P<0.05. Compared with Rem-L group, “P<0.05. Compared
with Rem-M group, © P<0. 05. Compared with Rem-H group, ®P<0. 05.
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Figure 4 Expression of IL-6/STAT3/GPX4 pathway related

proteins in myocardial tissue of rats in each group
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