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Effect of Remazolam on Ferroptosis in Rats with Myocardial
Ischemia-Reperfusion Injury was Studied Based on PERK/Nrf2/HO-1
Signaling Pathway*
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ABSTRACT Objective: To investigate the effect of remazolam on ferroptosis in myocardial ischemia-reperfusion injury (MIRI) rats
based on protein kinase R-like ER kinase (PERK)/nuclear factor E2-related factor 2 (Nrf2)/heme oxygenase-1 (HO-1) signaling pathway.
Methods: 90 SD rats were randomly grouped into sham operation (Sham) group, MIRI group, low-dose-remazolam group (L-remazolam
group, 5 mg/kg), high-dose-remazolam group (H-remazolam group, 20 mg/kg), H-remazolam + PERK inhibitor group (remazolam 20
mg/kg + GSK2606414 1 mg/kg) with 18 rats in each group. The MIRI rat model was established by ligating the left anterior descending
branch (LAD) of coronary artery for 0.5 h and reperfusion for 2 h. The drug was injected into the tail vein immediately after reperfusion
for 2 h, and tissue samples were collected 24 h after reperfusion. Enzyme-linked immunosorbent assay (ELISA) method was applied to
detect the levels of serum myocardial injury markers [creatine kinase isoenzyme (CK-MB), cardiac troponin I (cTnl)]. HE staining was
applied to observe the pathological changes of myocardial tissue. Tunel staining was applied to detect cardiomyocyte apoptosis.
Transmission electron microscopy was applied to observe the ultrastructural changes of cardiomyocytes. The levels of ferroptosis-related
markers [iron, reactive oxygen species (ROS), glutathione (GSH), malondialdehyde (MDA)] in myocardial tissue were detected. Western
blotting (Western Blot) was applied to measure the expression of PERK/Nrf2/HO-1 signaling pathway related proteins in myocardial
tissue. Results: Compared with the Sham group, the MIRI group had damaged myocardial structure, disordered fiber arrangement, and
mitochondria showed obvious ferroptosis (membrane pyknosis, increased membrane density, and decreased cristae), the levels of serum
CK-MB and cTnl, the apoptosis rate of cardiomyocytes and the levels of iron, ROS and MDA in myocardial tissue were increased (P<O.
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05), the level of GSH and expressions of p-PERK/PERK, nuclear Nrf2/Nrf2 and HO-1 protein in myocardial tissue decreased (P<0.05).

Compared with MIRI group, the above-mentioned pathological changes in myocardial tissue of L-Remazolam group and H-Remazolam

group were significantly reduced, the levels of serum CK-MB and cTnl, the apoptosis rate of myocardial cells and the levels of iron, ROS
and MDA in myocardial tissue were decreased (P<0.05), and the levels of GSH and the expressions of p-PERK/PERK, nuclear Nrf2/Nrf2

and HO-1 proteins in myocardial tissue were increased (P<0.05). Compared with H-Remazolam group, the above pathological changes in

myocardial tissue were aggravated in H-Remazolam+PERK inhibitor group, the levels of serum CK-MB and cTnl, the apoptosis rate of

myocardial cells and the levels of iron, ROS and MDA in myocardial tissue were increased (P<0.05), and the levels of GSH and the

expressions of p-PERK/PERK, nuclear Nrf2/Nrf2 and HO-1 proteins in myocardial tissue were decreased (P<0.05). Conclusion:

Remazolam can reduce MIRI rats by inhibiting ferroptosis, which may be achieved by activating PERK/Nrf2/HO-1 signaling pathway.
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Table 1 Levels of serum myocardial injury markers in each group(x+s,n=6)

Groups CK-MB/(ng/mL) cTnl/(ng/mL)
Sham group 1.53+0.63 0.19+0.05
MIRI group 12.38+0.95° 1.41+0.08°
L-remazolam group 9.16+0.89° 1.03+0.06°
H-remazolam group 4.92+0.75° 0.52+0.05°
H-remazolam + PERK inhibitor group 7.53+0.84¢ 0.84+0.06¢
F 151.992 353.661
P <0.001 <0.001

Note: Compared with Sham group, *P<0.05; Compared with MIRI group, °P<0.05; Compared with H-remazolam group, °P<0.05.
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9y FH A0 A BH S 9 s H- Fif Sh e +PERK J 500 200 L2 245
Y% H- Hi Sk 44 BN, WA 1.
2.3 ZEOIMARBEATIER

L5 Sham ZH A Lt , MIRT ZH.0 LA YA 1 Z T 55 (P<0.05) ;
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LR A S BRI 2 AR FET AL, 2R A [ 40, F s FE R
U/ s 5 MIRT ZHAH L, L- i k2 H- B S 200 LA
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B 1 FHOIALRREKZE(HE #£8,%x200)
Fig.1 Morphological changes of myocardial tissue in each group (HE staining, x200)

Note: A: Sham group;B:MIRI group; C: L-remazolam group; D: H-remazolam group; E: H-remazolam + PERK inhibitor group.
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Fig. 2 Morphological changes of myocardial tissue in each group (Tunel staining, x200)
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Note: A: Sham group; B: MIRI group; C: L-remazolam group; D: H-remazolam group; E: H-remazolam + PERK inhibitor group.

2 HHEO AN T2 (v2s ,0=6)

Table 2 Apoptosis rate of myocardial cells in each group(x+s,n=6)

Groups Apoptosis rate(%)
Sham group 5.46+1.32
MIRI group 35.83+3.61°
L-remazolam group 27.59+3.45°
H-remazolam group 13.92+2.94°
H-remazolam + PERK inhibitor group 21.65+3.18°
F 91.674
P <0.001

Note: Compared with Sham group, *P<0.05; Compared with MIRI group, °P<0.05; Compared with H-remazolam group, “P<0.05.
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B 3 O AR LA (x20000)
Fig. 3 Ultrastructural changes of myocardial cells in each group( x20000)

Note: A: Sham group; B: MIRI group; C: L-remazolam group; D: H-remazolam group; E: H-remazolam + PERK inhibitor group.

* 3 FEOPALFKRIE TIHXAREI K FE (v25,0=6)

Table 3 Levels of ferroptosis-related markers in myocardial tissue of each group( x+s,n=6)

Groups Iron(nmol/mg prot) ROS(%Sham) MDA (nmol/mg prot) GSH(nmol/mg prot)
Sham group 0.48+0.07 1.060.12 8.65+1.24 1.51+0.16
MIRI group 2.81+0.19° 3.48+0.35° 21.38+2.79* 0.39+0.07°
L-remazolam group 2.15+0.16° 2.91+0.26° 17.26+2.18° 0.78+0.09°
H-remazolam group 0.81+0.10° 1.32+0.16° 10.52+1.46° 1.42+0.11°
H-remazolam + PERK

inhibitor group 1.76+0.15¢ 2.46+0.23¢ 16.24+2.15¢ 0.85+0.09¢

F 277.801 113.256 38.732 112.117

P <0.001 <0.001 <0.001 <0.001

Note: Compared with Sham group, *P<0.05; Compared with MIRI group, °P<0.05; Compared with H-remazolam group, °P<0.05.

A B C D E

p-PERK
PERK

Nuclear Nrf2

Nrf2

< k|
B 4 FE OB R PERK/Nif2/HO-1 5 SBEEXEBRE
Fig. 4 Expression of PERK/Nrf2/HO-1 signaling pathway related proteins

in myocardial tissue of each group
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* 4 SALAAL F PERK/N{2/HO-1 15 SE X E ARIE (v2s,0=6)
Table 4 Expression of PERK/Nrf2/HO-1 signaling pathway-related proteins in myocardial tissue of each group(xz+s,n=6)

Groups p-PERK/PERK Nuclear Nrf2/Nrf2 HO-1/GAPDH
Sham group 0.64+0.07 0.46+0.05 1.12+0.07
MIRI group 0.23+0.03* 0.13+0.02¢ 0.38+0.04°
L-remazolam group 0.34+0.04° 0.22+0.03° 0.62+0.07°
H-remazolam group 0.55+0.07° 0.40+0.05° 1.03+0.08°
H-remazolam + PERK inhibitor
0.38+0.04° 0.27+0.02¢ 0.71+0.06¢
group
F 58.856 80.284 129.070
P <0.001 <0.001 <0.001

Note: Compared with Sham group, °P<0.05; Compared with MIRI group, °P<0.05; Compared with H-remazolam group, “P<0.05.
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Nrf2/HO-1 $ii F ki A2 oz /N BUE D)6E ; Wang T 3550 A 1y BIFSE
SR, P PERK/Nrf2/HO- 1 3 [ ] 38 1 038 P9 T ) 7 S AR 4
/N B LA 2R S 32 e 1P AR 40 5 DA LA 9E 3R W] PERK W2
G RENS BT Nef2 364k, fEsFdu bR d i O dr 8 i
Fik, HIL, #3E PERK/Nr2/HO-1 53 & X 1 2k 50 T 1) % 2k
HEEZE L. T HET DS WERFET X MIRT K ER
R VE RS 50E PERK/NI2/HO-1 {55 B% A ¢, 4
TFSE T el T4 L- B St H- S B G 4525 T 5 MIRI
KEOI L p-PERK 4% Nrf2 HO-1 £ 1R B 424k, 458
WORZHFRAMFE . IRGAMFFRE H- B Sk 1A 3R

3 PERK 58] 91, 4528 A B, PERK il 57 m] B Ak Dok
55 H- Fij By X MIRT K LG LS G AR SE T A4 7 ]
X PR 32 SR ] 2 B e A i Co LR ZE T % MIRT K B
RAERYE 5 0% PERK/NI2/HO-1 {5 Sd A7 G

25 LRI, Fi Eh - RT3 e R BRAE TR R L MR, 7]
AEIE i % PERK/NT2/HO-1 {55368 s i S 3, 31 AR 5 vl
A7 B B e B O LR FHR BES B ARG . AT TS A ERAE
TR AP T S S X O U s A R4V L (B R T
MIRT {1 &L 52 2%, it A0 A 70 gk H i K i R
DR E AT i — P IR
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