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Penehyclidine Hydrochloride Inhibits Ferrous Myoglobin Induced Ferroptosis of Human Renal Cortex Proximal Tubule Epithelial Cells. LUO
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Abstract Objective To explore the role and mechanism of penehyclidine hydrochloride (PHC) on ferroptosis induced by ferrous
myoglobin in human renal cortex proximal tubule epithelial (HK2) cells. Methods HK2 cells were treated with 6mg/ml ferrous myoglo-
bin to establish rhabdomyolysis (RM) induced acute kidney injury ( AKI) cell models. PHC and ferrous myoglobin were added to incu-
bate the cells. The ferrostatin — 1 (Fer — 1, ferroptosis inhibitor) and Erastin (ferroptosis inducer) were then employed as experimental
interventions. The cell activity was determined by CCK — 8method, and the level of Fe’* and MDA were detected by assay kits, the level
of lipid reactive oxygen species (ROS) and mitochondrial membrane potential (MMP) were detected by flow cytometry. The protein and
mRNA expression levels of GPX4 were detected by real — time quantitative polymerase chain reaction ( RT — qPCR) and Western bolt
(WB). Results PHC treatment significantly increased the cell activity, decreased the levels of Fe’*, ROS, MDA. and increased the
level of MMP. Compared with PHC alone treatment, the addition of Fer — 1 increased cell activity further, down — regulated the level of

Fe’* , decreased the levels of ROS and MDA, and increased the level of MMP. After adding Erastin, the results were be opposited. In

addition, PHC treatment mechanistically up — regulated the levels of SLC7A11 and GPX4. Conclusion PHC can protect HK2 cells from
ferromyoglobin damage by inhibiting ferroptosis, which may be related to the SLC7A11/GPX4 pathway.
Key words Rhabdomyolysis; Acute kidney injury; Ferroptosis; Penehyclidine hydrochloride; SLC7A11/GPX4 pathway

1 S WL % 27 5 AE (rthabdomyolysis, RM ) 8 H T AR JE I, DT G 2 2 AR B 5 S E Y I R E

5 Tl L A 3 o P R 0 LI e 5 0 IR (A A0 i Y ) AR S 5 (acute kidney injury, AKI) /& RM

PR (09 A2 — ) L BRI RM B AKT 9% 2

2 - ) 2% EBr s (3] > .

R T H WA H AR SE 4 BB I H (202018039) ;#ITE A HA10% ~55%  FSLA L 80% * 0 BRIETJE .

b T AR A 4 VE B ] (Kq2202485) T M A8 1 19 B o et R Ak 5 | % BT B 4 i A T T

PR & ¥ 4410006 V0Tl 55 U BE B BRI RH (B E R UYL AR R EETS 5 RM B AKT ® I AE G
ZI4R) 5410007 KVP IR R EBE (WA H - ARER) BN Adedoyin%ﬂz{ﬂty‘bg{%ﬁ%’fﬂfﬁj F A FH AT LR 20 4

PO PRI 9 /NS M T Song 45 B 5

WAEMEE MR, BT E4 :1an13755160707 @ qq. com

.91 -



J Med Res, April 2024 ,Vol. 53 No.4

KB, AE RM EC AKT /) UBE RS v, 04 Bk S T~ ] LI
ECE/NEUE DI RE . H R AHSCHE TR AL T PR R
WrBt, Pk, 76 RM 8 AKT S48 5 5E Pk sE =
259, 1 BRI AR LR B TR RIS 5

R % & & Bt ( penehyclidine hydrochloride,
PHC) 52 3 [ 4= 5 Bl 2z Be w1 g BB B ok 25 . & A
WEFE R WY 70 & 5t KB 3 B0 200k & Bt v, PHC
PEA R E T AR R 4 A T b & B
PHC AT L) AR/ U IR i b ) 4 1 40 6 A il 70
N - ( malondialdehyde , MDA ) 7K ¥, B. 75 $T i & i3
SEALBIRRPES ) SySystem X7 —Ff ik T 40 a5
T 1) 390 5 ds A A 11, JFG v e 4 A T A 2 0 o A
FW 7 BB 11 (solute carrier family 7a member 11,
SLC7A11) W3, & AT LAE & 42 #F 4 Bt H K ( glutathi-
one ,GSH) iy & B, 8 4% e T Ak i A A6 P 8 ( gluta-
thione peroxidase , GPX4) 1Y 3 ik , W & i 7 i 460 1k /K
RN KL ik

fH PHC fE %3 i3 SLCTA11/GPX4 iR #4 il £k 3¢
T, T84 RM 0 AKT H B i JC s . A B 5
K2R NLEL & FE 5 R o & /N8 B K (human
renal cortex proximal tubule epithelial, HK2 ) 4 ifd 7 57
RM £ AKI #A . BF5E PHC %F HK2 4 il 4k 58 1 1) 5
i J FALH, S RM S0 AKT #2537 A93A 97 75 1

MR 5 7%

LA 50 - HK2 40 1 b ob B R 2 e 200 M %
(L) R4, NaE A PiIF AR, Fer — 1, Erastin,
Fe’* MDA I i50) & 290 11 S& [ Sigma 24 7l ; PHC
W RSB T 3 R ) 25 45 BR 22 B 5 CCK8 I [ b 3t 425X
GAYEAR A B F s DMEM/F12 K5 35 B30 [ 56
[ BioRed 22 #];JC - 1 ROS Ml i& 7 £ | RIPA 2 fif
W BCA & e I s X0 & W B Bl o KRR
WA BRA 7] 5 6 4 136 1 A 3€ E Gibeo 24 7 5 2
B SRR & W A 55 E Thermo 23 & ; PCR X7 & W H
e e AW ARARAA,

2. AT SR 5 44 K HK2 AR E T 37°C (&
5% CO, W FRA T, & 10% G4 105 1% SN
DMEM/F12 $5 38 5L 55 55 . 24 40 M E A 8 B0k KBS
A RNt HRZH 8h A 24h ) FeG ZH . PHC #H  Fer ZH #
Era 2, XF B2 40 i FH % A 35 9%, FeG 4 40 i H
6mg/ml .4k ILLT 2K (1 AL B 8h 1 24h, PHC 21 41 i
A 6mg/ml F &k L 40 8 [ WAL B 4h, 28 5 70 A
0. 1pwmol/L PHC 4t P 4h B 20h, Fer #1 41 iy
6mg/ml W2k JL 4T 2 1 F1 10umol/L Fer — 1 i A4t B

.92 .

4h SR J5 AN 0. 1 wmol/L PHC 3£ 4b B 4h 5 20h,
Era 241 41 2 F§ 6mg/ml 3V 2k Il 21 25 & A1 10 wmol/L
Erastin TiiAb# 4h, 48 J5 F- A 0. 1pumol/L PHC Ft4b
B 4h B 20h,

3. WAKWLLT R A AL & . 2 IR Sun %512 15056
$t 6mg/ml [ LLTH FH % W R 0. 352mg/ml A9 HL IR ML
FRIRWIR AT E 6mg/ml WEKALZL E AW, %25
JE R E Th, VA 6 AR AR AT, R
e aE AR F WO EN, H
0. 22 wmol/L JE#F 1L €

4. CCKS8 A6l 41 At 7% e - UM B K HK2 41 i
RN T 96 FLHR , %5 1 Sl 4000 40 /1L, 45 41 20 i A
A0 Bsf ) 05 B B 1710 ) CCKS8 3 W A & A~ FL iR
H L TE 37°C (5% CO, Ji R AE T G 3% 1. 5h, HIBRIR A
PE I 45 FLAE 450nm Ab A A A, I FH 28 R T 240 ft
WP (B A -ZSAA A/ (MBAAMH -2A
HAME).

5. K &I Fe?* MDA £t 3 B F) & Ui ]
FEAE 43 BIFE 593nm . 532nm AW E RO, 2
bR iR, 75 W Ar v il 263 B A L R Rt R
MDA 4,

6. Ji XA ML AU I ROS /K F ;4% 18 1: 1000 Y Lb
{51 FH TG 1fiL 335 8% 7% W R B DCFH - DA SR )5 A 6 4L
B, LA Tml,37°C 4 fE 55 3248 N F E 20min, 5B
3 ~5min BUEITRS)—F S HE R0 40 M 78 40 4% fih . 7
DL PBS ¥ 3 K5 4% B8 FACS {348 #: 1E Ul W1 bl
iRl

7.JC -1 YA kG MMP 7K . 76 0. Sml B9 41 i
WM AR 0. 5ml JC -1 Y8 TAEW,37C T
20min, B EHTE 4C F 400 x g B0 3 ~ 4min,
JC -1 Qe ZEvh i (1 » ) W VE M, # A 1ml Y
JC -1 e il (1 x ) AT 2775 AR5 FACS (X4
FEAE UL LA,

8. Western blot 2 . #2454 HK2 e E A =2 )5
A SR, T vK - 24# 30min, 7€ 4°C F1 120001/ min
(0K :8cm) L 10min, Fl BCA ¥ 5E 8 .0
Ja B E AR E JEIEAT AR, FR AR S T
N fEZEM T 5% milk — PBST 4% 5% % M 60min, 15
F 5 —$i SLCTA11(1: 1000 F B ) . GPX4 (1: 1000
FiBE) (B — actin (1: 5000 7 B¢) 7 4C P HE K,
WH B B AR O — B (1: 5000 %5 B¢ ) , = i % B 60min,
5 M ECL 528 11 4% JF 3 i R, I o3 B 3 Ak
Image J X} EGHATIKE 4B, LA B - actin fE NS,



2024 4E4 H HES3E Fa4W

B 2R &

BB

9. S 92Ot E R G W 5E XN (real - time
quantitative polymerase chain reaction, RT — qPCR) : 2
A 4140 g & RNA J5 ¥ 5 ¢DNA, IR #E 47 PCR
TEF Y M, SCHE B PCR AR R H 2 x SYBR
Green | mix .cDNA KB 787K Primer - R(10pmol/L) |
Primer — F(10pmol/L) 40 ., VA B — actin fE NS, 1T
B2 00 PCR IR AN 1 xR,

F1 FXREBIIYWFET
LR 2 FR SIYFS (5 —3")
GPX4 E#51 4 . GTAACCAGTTCGGGAAGCAG
T 514 : TGCTCGATGAGGAACTGTGGA
SLC7A11 5149 . TTGTTTTGCACCCTTTGACA
TSI 4 . CAACCATGAAGAGGCATGTG
B - actin #5114 . CTGACTTCAACAGCGACACC

TH 514 : GTGGTCCAGGGGTCTTACTC

10. 53127 J7 ¥ . i SPSS 20. 0 4t i 24 5 4 %t
AR IAT ST W, R B R O 22 0 A kAT
FEA L8, R o K 56 1647 5 5 L 4, 81 A A Graph-
Pad Prism 8 2l , ¥ =X 4 B £ 38 FH Flow Jo 43 #7,
B R 3K, P <0.05 H2EFAHESIH ¥

& S

1. PHC X} HK2 £l 3% 1 19 52 Wi . CCK8 A ) 45

FUE LR, A & 8hif /&24h , 5 xF B 41 H &,

A 0031

0.02

Fe?*& 1 (mol/ml)

0.01

8h 24h

FeG 4135 [ IL 1 40 M 3% #4, 1 PHC Ab 2800 3 42 1
FeG 20175 5 0 40 M35 PE A, A1, 5 PHC 41 B #%,
Fer — 1A JG 34558 T 40 i 36 M, 17 Evastin 1A DU 00 ]
TG YE, HAAR A, 2R a5 E X

(P<0.05),
1501 -} AL

mm FeG2H
== PHCZH

~ Fer?H

< 100 -

% mm FraZH

=

F 50 M A

B = . A

8h 24h

1 FFWAAREBE HK2 400075 8 EE &
X RA L, " P <0.05;5 FeG 41 H%,*P <0.05;
5 PHC 4 L% ,*P <0.05

2. PHC X} HK2 408 4 Fe’* MDA & & 5 .
WA G EE LK 2 frs , AN JE 8h if J& 24h, 5
X} R L L3, FeG AN Fe** (Kl 2A) MDA (&
2B) & ThE T PHC AR BEIH] T FeG HiES
) Fe’* MDA & &t Fb &, M, 5 PHC 4 Ik 38,
Fer — 1 T A J5 BEAR T 40 Md 9 Fe** MDA & &, i
Erastin AN T 40N Fe’* MDA i, H%&
LIH] R 22 T A G E L (P <0.05)

] R
mn FeGZH
B 05~ == PHCZH
FerzH
mm FraZH
0.4 . *
= A
g
3
£ 0.3
EBH
Qi
< 0.2
a
=
0.1
0

8h 24h

B2 BFHMAAERE HK2 AfK Fe’* MDA €28 LR
A K Pt FRISEIT;B. &4 MDA SRMGH ., SXBHLE, * P <0.05;5 FeG #HH5,*P <0.05; 5 PHC 4 He e ,* P <0.05

3. PHC % HK2 Zi i ROS 7K ¥ By 5% i . i =X 40 iy
AR S5 R AN 3 fros , A4 2 8h ik J2 24h, 5 X R
A, FeG ZHANME N ROS /K F T, i PHC 4b 3 0
Il T FeG 4115 5 19 ROS /K F T+, 4k, 5 PHC
LB Fer — 1 N A G BEAR T 4 L 4 ROS 7K F-, T
Erastin iAW TH & T 408 A ROS /KF-, H 44 [H E

B, EFYAERITFEX(P<0.05),

4. PHC X HK2 4 it MMP 7K - (9 5% 0 . 76 1F % 1
HUFLIC -1 FEA L PIE R G, & K L0 60k,
MY LA, IC -1 RIRITE R AW, LRl g6
DECHARLETE , 2 WILORL AR L AL FEAR . PR AR BF 58
KHJC -1 YefabRic HK2 4008 PN 20 4% 96 )6 oA R A

.93 .



- it

J Med Res, April 2024, Vol. 53 No.

X AR FeGHL PHCZL

Fert] Era2f]

V1L(98 93%)

[ 0+ 0-
1000104 10° 106 107 10° 104 10° 10° 107 10° 10° 10° 10° 107
FITC- T

FITC-A FITC-A

X AR FeGZH PHCHL

0+
10°

10¢ 10° 10°
FITC-A

JRBTROS & £(%)

0+
100100 10°
FITC-A

107 loe 107 IR FeGZH PHCZ] Fer#] EraZfl

80

5

Ferdi EraZil

ViL(s8.96%) VIR(G 0a%) VIL(37.54%) ViR(ed 46%) V1Li54 50%)

400

200

100 10°  10° 107
FIT(

100 10°  10° 107
FIT

0
100100 10°
FITC.

1000 107

VAL(94 86%)

0+
100100 10°
FITC.

VIR( 14%)

0
XIIEZ FeG#l PHCZ Ferffl EraZ

04
1000 107 1

Po100 100 100 107
FITC

B3 FFHEAARFRE HK2 404 ROS K FHLLE

SR, P <0.05;5 FeG 4 ILE,*P <0.05;5 PHC 4 L4, 2P <0.

X HAZE FeG4l PHCHL FerZf] Frail
107 3 107 107 AT e ] 107 T 3 107
10° 106 10¢ \ 10¢ \ R 106
= = = 4 = O/ =
2 10 £ 10 £ 107 f £ 10° { £ 10°
10¢ 10¢ 10¢ 10* 10¢
10° 110 108 |
100104 105 10° 107 100 104 10° 10° 10 100 10° 10° 10° 10 10t 100 100 10 0
FITC-A FITC-A FITC-A FITC-A IR FeG4l PHCZ Ferdf] Erafl]
151
FeGH4l PHCZL
({F20 10-‘ Po35 1%, @
L A
10+ 210 ==
< R
@ 10°4 B
g L
kv
10* 10* 10° '
# A
10° 4+ e L oy 10°- e 10° o 10° . «
100 10° 105 10° 107 10010 10° 10° 10 10 10° 10° 10° 10 10010 10° 10° 10 10077100106 106 10 0 -
FITC-A FITC-A FITC-A FITC-A FITC-A X AL FeG# PHCH] Ferf] Erag]

B4 BFWARERE HK2 4 MMP 7k F 5§ L&
SRR LR, * P <0.05;15 FeG 4 IL% ,*P <0.05;5 PHC £ L% ,*P <0.05

W MMP 197254k I E 4 Fi7s , AN & 8h ik J& 24h, 5
XFHRZH Lb 5, FeG 20 40 M 9 21 2 52 O L AE T B, i
PHC AZLE 6] T FeG 415 S AU LT 2296 HLME T
R o s R LA 15 5 S B IR MMP, 1fif PHC 4t
M5 MMP L7, A, 5 PHC 4l HL#, Fer — 1 TA
5 TFE T 4 P MMP JK S T Erastin JIA U FEAR T
N MMP KV, HA LR g, 25 5 8 Gt 2
HEX(P<0.05),

5.PHC %t GPX4 SLC7TA11 A% A 1 mRNA % ik
B2 M . 38 44 Western blot 3 #1 RT - qPCR il
GPX4 SLC7TA11 WMEMH (K 5 H A ~ C) il mRNA (&
51 D E)RIXAKF, GERME 5 R, AEE 8h if
2 24h, 5 FeG 4 L%, PHC #H GPX4 F1 SLC7A11 1Y
FIRKF-THE (P <0.05) 10 Fer 22 R LG 1% 2

.04 .

M (P >0.05), WA &, 5% B4 L, Fer 41
GPX4 il SLCTAL1L fy 23R /KF1 i, b 4h, 5 PHC 41
A, Erastin A #E—2 B8 T GPX4 1 SLCTA11
) ek IKF- (P <0.05)
15 it

BI04 F ST W, PHC 9040 3R AT 80 % K R
PR PR FR 2K AR T 51 R A A e R A A R
T8, PHC 7] #8380 ik 410 1] 401k 1o 380 0 3 K BRI 46 401
PN A 7 N o (O =k 1 N A e - = 7o )
HK2 4 ff A& A= Bk 4L 12, df4F CCK8 i 4 I 46 My 7%
Pk, 25 FR W PHC AT DS Jin 40 i 36 M X 5 8 4k 5
(IBF S A — 2, o THEW] PHC 061 A9 J& 238 T, i
AN S H A 0 4 B T T O =X 2B A IR X BR BE T Y A G
FEARIEAT TR, AHHF ST & B, PHC W] DL i 26 FR



-n —
g eds 2024454 H 53 % d4 - 1E 5 -
A 8h 24h
& B F s o H Py s
SR S A A S\ A S
- L
| - - -
SUSET LT T 111}
B-actin
w5 T2
B o6 Cuo04p = FeGH
B 2 == PHCZH
2 0 FertH
B 03 = Fralf]
®Roat by
E o2
: il
4 02 =01
<t = .
) S
z 3
{731 0
0 8h 24h - 8h 24h
D w207 E i 150
- 5
E 15F =
iy Emm
=<
E 1.0 =
= T sof
E 0.5 )
x g
c Nt
0 8h 24h N 8h 24h
Es5 &FMARERE HK2 45 GPX4,SLCTALL BIFRIL K FEHEE K

A. Image Lab % 1 EPiC MG IE ;B (C. %541 GPX4 SLCTALL WY#E 1 RIS 1T;D E. 541 GPX4 SLCTALL #Y mRNA £ik%iit,
SXFIRLL R, P <0.05;5 FeG 41 L% ,*P <0.05;5 PHC 41 HL%:,%P <0.05

B0 A AN (236 ROS AT MDA ) |, [F] B T 5 £k
RN NS VA3 TR L NSy i R VA (A e 2
KRR D RE A, B 5T 2% W, 2ROk IR T A8 B A% 2 40
if 454k 400 43 0 25 Bk 5 4 ok A8 T 0 A A —
Y sk KB PHC B T OHK2 40
RAEBRIET

{ELAS 1 R 2, S b 0L 3t 2 5 BOR B8 R 440 i U
T AR HRTR ST R SE T B 2 R S T
W7k, NI THEB PHC 5 H] HK2 40 i %
H AT EEH M T Fer — 1 Fl Erastin, {1 2%
S I AR FE T T R R BE T R AT L ] sk
SEIE T, AR REM B B E S U T R ENT, Wan
LS Fer — 1 Fll Ervastin 2 JiF BH 3% 4L 25 7] L) 101 )
BRIET: . AR R LB, Fer — 1 0] LU SR PHC XF
HK2 41 8 /9 44 37 /5 F 1Tl Erastin 71T DLW 82 PHC X
HK2 4 f gk FE T AR 9 4E . $&7R% PHC 5 ERFE T4
il 57 Fer — 1 B9VEFH — 30, S5 T25 5 5 Erastin 1)
YEFIAE B o M IE S5 J5 1 i — 25 3E ] T PHC X HK2

20 MR BE T B I AR

GPX4 JEERFET 1Y 298 15 4% , 1 GSH J& GPX4
() R BN T, SLCTALL J& SySystem X°~ Ff 56 g
L 7E GSH AW & i i & |2 AE M, @i
{23 GSH 9 & i, SLCTALL1 1] LI & F i GPX4 {5
SR IE, W ROS B P A, WIS T
PRI 8K 20 T2 /Y I 90 32 28O T SLC7A11 Fil GPX4
33k, AWFFE &P PHC D842 T W8k ILAT 25 1 Ak B
J&5 SLCTA11 ,GPX4 [ I Fl mRNA /KF0 TR, &
ALY Fer — 1 i {2k SLCTALL £ GSH, M\
M358 GPX4 I Pk, 0 Hl 2k FE T Wei 5 B 5%
K ,SLCTALL/GPX4 55 Fer — 1 MBI T
VEM . ARWFFEFRW 1ES Fer — 1 BRAALFRAT M |
Fer — 1 A0 2k L1 26 1A 8] B in A B 32 40 i T 4% 38
7=, A PHC J5 5 A Al mRNA ik J0H WA 1L | Ul
W'Y PHC 5 Fer — 1 MYHTERIE T-4F FH 38 #% — 3, i
Erastin #5840 12k 3E T2 )5 , 5 PHC Baph 4 34 Mo 4 | 3R
FIFI mRNA R KF 3458, S E #F — B Ui Bl T

. 95 .



J Med Res, April 2024 ,Vol. 53 No.4

PHC 5 Fer — 1 BIHTERIE T VE F 8 % — 3K,

g5 BTk A WESE K B PHC W] L) ysl 20 4 i P 1Y

Bk E FRURIR Jot ok 4804k, DU 8175 HK2 240 i 1 385 5, 417
il HK2 200 & A= st o, ARy R HLE 5 Fer — 1
— %, A fig & 3k SLCTAL11/GPX4 B4 R IEH 4kt
T-AEM . RE AW M K 56 4 W] PHC f& " HK2
20 i 5 52 0 Bk L £ 2R 1450 405 19 U0 43 5 L (E
RM 2 AKI 9 B i 42 At — 2 i BRI K

10

il 5 i SR A B L A A P AT AE A £ v

2% Uk

Stahl K, Rastelli E, Schoser B. A systematic review on the definition
of rhabdomyolysis[ J]. J Neurol, 2020, 267(4): 877 —882
Zhu D C, Li W Y, Zhang J] W, et al. Rhabdomyolysis — associated a-
cute kidney injury: clinical characteristics and intensive care unit
transfer analysis[ J]. Intern Med J, 2022, 52(7). 1251 - 1257
Cabral B, Edding SN, Portocarrero JP, et al. Rhabdomyolysis[J].
Dis Mon, 2020, 66(8): 1010 - 1015

EAE, WIS, R PIE T Y R A ML B TR 2 i
WRFEE (1], B2 0T aeak, 2022, 51(6): 173 -176
Adedoyin O, Boddu R, Traylor A, et al. Heme oxygenase —
I mitigates ferroptosis in renal proximal tubule cells[ J]. Am J Physiol
Renal Physiol, 2018, 314(5) . F702 - F714

Song SJ, Kim SM, Lee SH, et al. Rhabdomyolysis — induced AKI
was ameliorated in NLRP3 KO mice via alleviation of mitochondrial
lipid peroxidation in renal tubular cells[ J]. Int J Mol Sci, 2020, 21
(22): 8564

WA, WEZLAR, JESLLL, A, EhER K £ 4 kX R S LI T B A
PR G RAE TR [ 7). b B b B S B R 2k Ak, 2020,
21(2): 133 -135

Kang Y, Li Y, Wen H, et al. Prevention of renal ischemia and reper-
fusion injury by penehyclidine hydrochloride through autophagy activa-
tion[ J]. Mol Med Rep, 2020, 21(5): 2182 -2192

Tan HB, Zhao Q, Chen L. Penechyclidine hydrochloride suppresses
inflammation response and reduces podocyte injury in diabetic ne-
phropathy by targeting fibrinogen — like protein 2[ J]. Int Immunop-
harmacol, 2022, 107 108680

Wang Y, Lin D, Tan H, et al. Penehyclidine hydrochloride precondi-

tioning provides pulmonary and systemic protection in a rat model of

11

13

14

20

21

lung ischaemia reperfusion injury[ J]. Eur J Pharmacol, 2018, 839.
1-11
Ursini F, Maiorino M. Lipid peroxidation and ferroptosis: the role of
GSH and GPx4[]J]. Free Radic Biol Med, 2020, 152 175 - 185
Sun T, Liu Q, Wang Y, et al. MBD2mediates renal cell apoptosis via
activation of Tox4during rhabdomyolysis — induced acute kidney injury
[J]. T Cell Mol Med, 2021, 25(10) ; 4562 —4571
Y0, BRIHAE, BRITRS, 4. SRR K £ 2 ETRAL B X % o 1 AR
T B A A0 A B AL £ 47 A1 D B ek S TR T Y SR ]
AR, 2023, 43(1): 124 -128
Zhao W, Huang X, Zhang L, et al. Penehyclidine hydrochloride pre-
treatment ameliorates rhabdomyolysis — induced AKI by activating the
Nrf2/HO -1 pathway and alleviating endoplasmic reticulum stress in
rats [ J]. PLoS One, 2016, 11(3) . 151 - 158
Rizwan H, Pal S, Sabnam S, et al. High glucose augments ROS gener-
ation regulates mitochondrial dysfunction and apoptosis via stress signal-
ling cascades in keratinocytes[ J]. Life Sci, 2020, 241, 117 - 148
Wang Z, Sun R, Wang G, et al. SIRT3 — mediated deacetylation of
PRDX3 alleviates mitochondrial oxidative damage and apoptosis in-
duced by intestinal ischemia/reperfusion injury [ J ]. Redox Biol,
2020, 28 101 -343
Liu M, Fan Y, Li D, et al. Ferroptosis inducer erastin sensitizes
NSCLC cells to celastrol through activation of the ROS — mitochondrial
fission — mitophagy axis[J]. Mol Oncol, 2021, 15(8): 2084 —2105
Wan Y, Shen K, Yu H, et al. Baicalein limits osteoarthritis develop-
ment by inhibiting chondrocyte ferroptosis[ J]. Free Radic Biol Med,
2023, 196. 108 - 120
Yang J, Zhou Y, Xie S, et al. Metformin induces Ferroptosis by in-
hibiting UFMylation of SLC7All in breast cancer[ J]. J Exp Clin
Cancer Res, 2021, 40(1): 206
Li Y, Cao Y, Xiao J, et al. Inhibitor of apoptosis — stimulating pro-
tein of p53 inhibits ferroptosis and alleviates intestinal ischemia/reper-
fusion — induced acute lung injury[ J]. Cell Death Differ, 2020, 27
(9): 2635 -2650
Wei X, Zhang B, Wei F, et al. Gegen Qinlian pills alleviate carrag-
eenan — induced thrombosis in mice model by regulating the HMGB1/
NF - kappaB/NLRP3signaling [ J ]. Phytomedicine, 2022, 100:
154083
(Weki BB . 2023 03 -21)
(&0 H]. 2023 -04 - 10)

(#% 100 ®)

12

13

14

Coquaz — Garoudet M, Ploin D, Pouyau R, et al. Malignant pertussis
in infants: factors associated with mortality in a multicenter cohort
study[ J]. Ann Intensive Care, 2021, 11(1):70

Fe/NBE, WL B LERE FOH AL T AR R R A BT )], R L
B, 2020, 38(6) : 432 -437

Kiedrzynski T, Bissielo A,
cough—where are we now? A review [J]. N Z Med J, 2015, 128
(1416): 21 -27

s n, X . JLEE T H 0% 247 i1 PR 4 8 X TAE T OH % S
FZEAH[T]. LB &, 2015, 53(9) : 684 - 689

Bechini A, Tiscione E, Bocealini S, et al. Acellular pertussis vaccine

Suryaprakash M, et al. Whooping

. 96 -

17

18

use in risk groups ( adolescents, pregnant women, newborns and
health care workers): a review of evidences and recommendations
[J]. Vaccine, 2012, 30(35) : 5179 -5190
Fry NK, Campbell H, Amirthalingam G. JMM Profile: bordetella per-
tussis and whooping cough (pertussis) : still a significant cause of in-
fant morbidity and mortality, but vaccine — preventable [ J]. J Med
Microbiol, 2021, 70(10) : 001442
Damron FH, Barbier M, Dubey P, et al. Overcoming waning immuni-
ty in pertussis vaccines: workshop of the national institute of allergy
and infectious diseases[ J]. J Immunol, 2020, 205(4) :877 — 882
(ki F9:2023 - 10 - 17)
(fEmH I .2023 - 11 - 07)



