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Research of kaempferol improves rat skin flap ischemia — reperfusion injury by
regulating GPX4 mediated iron death and NLRP3/Caspase —1/GSDMD pathway
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Abstract: Objective  To investigate the protective effect and underlying mechanism of kaempferol ( Kae) on flap
ischemia — reperfusion injury ( FIRI) in rats by regulating glutathione peroxidase 4 ( GPX4) — mediated ferroptosis and
gasdermin D ( GSDMD ) - mediated pyroptosis. Methods McFarlane method was used to establish the ischemia —
reperfusion model of rat dorsal flap. A total of 91 SPF SD rats were randomly divided into sham group, model group,
experimental group, agonist group, inhibitor group, Kae + agonist group and Kae + inhibitor group, with 13 rats in each
group. After successful modeling, the experimental group was given kaempferol 50 mg - kg ™' by gavage; the agonist
group was intraperitoneally injected with 2 mg + kg ™' NOD like receptor thermoprotein domain associated protein 3
(NLRP3) activator once a week ; the inhibitor group was intraperitoneally injected with 30 mg - kg ™' disulfiram once a
week ; the Kae + agonist group received intraperitoneal injection of 2 mg - kg~' NLRP3 activator + 50 mg - kg™
kaempferol; the Kae + inhibitor group received intraperitoneal injection of 30 mg - kg™ ' disulfiram + 50 mg + kg™
kaempferol for 2 weeks. The iron content in tissues was detected by iron content detection kit; the levels of serum
interleukin -1 B (IL -1 B) and IL — 18 were detected by enzyme linked immunosorbent assay ( ELISA); the
expressions of proliferating cell nuclear antigen (Ki67) and platelet endothelial cell adhesion molecule -1 ( CD31)
were detected by immunohistochemistry ; the protein expressions of GPX4, Caspase — 1 and GSDMD — NT were detected
by Western blot. Results The flap survival rates of the sham group, model group, experimental group, agonist group,
inhibitor group, Kae + agonist group and Kae + inhibitor group were (96.73 +1.10)% , (67.04 = 1.60)% ,
(85.39£1.22)%, (57.96 +1.52)% , (75.80 = 1.72)% , (80.28 +0.95)% and (90.49 + 0.76)%
respectively; the tissue iron content levels were (11.57 = 4.89), (68.04 + 7.64), (43.87 £9.13),
(85.97 +8.41), (47.78 +11.11), (69.68 +6.17) and (29.36 +7.66) pmol + L™"; the levels of IL —1 B were
(43.83 + 13.96), (246.02 + 37.60), (172.19 + 29.46), (354.39 + 36.05), (153.56 + 26.89),
(271.13 £39.54) and (97.53 +24.67) pg + mL™', respectively; the relative expression levels of CD31 were
6694.96 = 711.29, 2 126.32 =+ 277.21, 3 592.33 =+ 317.33, 484.36 + 56.24, 3 568.83 + 316.65,
1 901. 66 +383. 85 and 4 804. 18 +360. 03, respectively; the relative expression levels of Ki67 were 75.56 +6. 57,
24.11 £4.02, 37.94 +4.08, 12.17 +£2.28, 38.01 +£3.80, 24.32 £2.76 and 54.65 +7.01, respectively; the
relative expression levels of GPX4 were 0.92 +0.02, 0.30 £0.07, 0.47 +0.08, 0.12 +=0.04, 0.47 £0.08,
0.27 £0.07 and 0.62 + 0.13, respectively; the relative expression levels of Caspase — 1 were 0.08 £0.03,
0.40 £0.07, 0.29 £0.04, 0.68 +0.07, 0.28 +0.03, 0.40 £0.06 and 0. 18 +0.06, respectively; the relative
expression levels of GSDMD were 0. 06 +0. 04, 0.57 +0.05, 0.30 £0.04, 0.93 £0.09, 0.30 +0.03, 0.56 +0.07
and 0. 16 £0. 02 respectively. There were statistically significant differences in the above indexes between model group
and sham group, between experimental group and model group, and between Kae + agonist group, Kae + inhibitor
group and experimental group (all P <0.05). Conclusion Kaempferol can alleviate flap ischemia — reperfusion injury
in rats, and its protective effect may be related to upregulating GPX4 expression, inhibiting ferroptosis, and regulating
the NLRP3/Caspase — 1/GSDMD pyroptosis signaling pathway.
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4lifE . =98% , {2 . D7643 — 1G — 20240720, 4 24 =]
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2.7 EANEENMMEIEES NEHE
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%, T R AR 13 R AL ) B ( horseradish peroxidase ,
HRP) #ric —¥t, 2 iR F 30 min, — 22 5L K oK i
(3,3’ - diaminobenzidine, DAB ) g &, 75 K & & YL,
AGENT B R . A BB BELIE 5 4> 200 f%5 5
AL IR, Ki67 AP PRI 5 23 Fe =678, CD31 LA
PRI EL (A5 R LR ) 2R
2.8 EBAKREIEEKN GPX4, GSDMD - NT #a
Caspase -1 E B I FIEKFE
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IKREEAE, I L AARE RS B - actin KRR EB M
XA,
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THR (P <0.05) 55 1 il I 4 B S B 21 ik — 20 B 2%
FEAR (P <0.05) , LK 2.,

R1 FARMBIAAERAILE (%, v £5)
Table 1 Comparison of flap survival rates in rats among different

groups(% , x +s)

Group n Flap survival rates
Sham 13 96.73 £1. 10
Model 13 67.04 £1.60"
Experimental 13 85.39 +1.22*
Agonist 13 57.96 +1.52
Inhibitor 13 75.80 £1.72
Kae + agonist 13 80.28 +0.95%
Kae + inhibitor 13 90.49 +0.76°

Kae ; Kaempferol ; Sham group: Underwent identical surgery without ischemia
— reperfusion ; Model group : Establish a rat dorsal flap ischemia — reperfusion
< d7t of

kaempferol was administered ; Agonist group : After modeling,2 mg - kg ™! of

model ; Experimental group: After modeling, 1.8 mL - kg™

NLRP3 agonist per week was administered intraperitoneally ; Inhibitor group
After modeling, 30 mg - kg~' of disulfiram per week was administered
intraperitoneally ; Kae + agonist group: On the basis of agonist group,
1.8 mL - kg™! - d~! of kaempferol was administered; Kae + inhibitor
group: On the basis of inhibitor group,1.8 mL « kg™" - d~' of kaempferol
was administered ; Compared with sham group, * P <0.05 ; Compared with

model group,*P <0.05 ;Compared with experimental group, P <0. 05.
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ELISA B/~ : SIF AR L, AR IL - 18
L = 18 K24 8 2 ThE (¥ P <0.05) ; SEARIZ L
BEL,UG A IL - 18 I IL — 18 7K V44 i % A%
(¥ P<0.05) ; 5000 2] b 8¢, B A sl A 41 i ik
S A = I S| I [ e A o 3
($JP<0.05), L% 3,
5 WIZSEAXT KR IRALR Ki67 F1 CD31 RikHIF M
G gL 2L 5L o, B A 4 Y KG67 [H R
A CD31 FH P 0 45 803 B EF AR TR F A4 (3
P<0.01); 5HBIARYL LR, SCE0 4 1 KieT PH4:ZE
CD31 PP M4 £ B & T (35 P <0.05) 5 55050

K2 FUHKREERH LS R (umol « L7 x £5)
Table 2 Comparison of iron content in flap tissue in rats among

different groups( pwmol + L', x+s)

Group n Iron
Sham 13 11.57 £4.89
Model 13 68.04 £7.64 "
Experimental 13 43.87 9. 13%
Agonist 13 85.97 +8. 41
Inhibitor 13 47.78 +11. 11
Kae + agonist 13 69.68 £6. 174
Kae + inhibitor 13 29.36 +7. 66

Compared with sham group, * P < 0.05; Compared with model group,

#P <0. 05 ; Compared with experimental group, > P <0. 05.

®3 AARBMEER AR - 18(IL - 1p) Fl IL - 18 JK
P (pg - mL ™" & %)

Table 3  Comparison of serum interleukin — 18 (IL - 1B) and
IL — 18 levels in rats among different groups(pg + mL ™" x +5)

A LA K5 B N TR A 1Y) b R 4 A 34 d 35 AR T R
BRI TS (3 P <0.05) Lk 4,
6 WEENKRKEMAEL GPX4, GSDMD #n
Caspase —1 X E R RIZHIF M

B TEE S5 BN, SR TR i, A
) GPX4 25 AN b 7K - i 2 FEAIG, T Caspase — 1
A1 GSDMD — NT & A1 X} 2235 7K F- 34 &8 3% T i (39
P <0.05) ; 5HERIZH LA, SEH4H ) GPX4 25 I AH XS
Fik /K- T &, Caspase — 1 A1 GSDMD — NT &
FAXS IR K1 18 2 AR (3 P < 0. 05 ) 5 5 5256 20 1
BB B AL GPX4 TR AN Rk K B R
K, Caspase — 1 Il GSDMD — NT 45 [ AR FRIA K -1
T, A R ZH A GPX4 2 A X Rk K
-1 25 F v L Caspase — 1 Fl1 GSDMD — NT 25 A X &
IR TR (B P <0.05) , L3RS A 2,
7 LIS KRB 4R R S AL B EE M B BN

i T AL 8 2R AR TR 25 KD, 053 i o 2 A8 AR
LRI 25 i, U BT 2L o R Ok
FE TR BR % 5 S 30 20 10 2 A i JH U 5, 0 i 284
5 10 0 5 B0 5 T 70 4 1) R i £ e S e 261
TR R 2H 09 LR AR A5 2 1R Ul 5 B
2R WA 3

x4 KRR AL LU B PR (Ki67 ) Fl /N N 57
RG> T - 1(CD31) RIXKF R LLEL (% =)
Table 4

endothelial cell adhesion molecule( CD31 ) expression levels in flap

Comparison of Ki67 antigen ( Ki67 ) and platelet

tissue in rats among different groups(x +s)

Group n CD31 Ki67
Group n L -18 IL-1B8 Sham 13 6 694.96 +711. 29 75.56 £6.57
Sham 13 93.22 +41.06 43.83 £13.96 Model 13 2126.32 +277.21" 24.11 4. 02"
Model 13 485.79 £53.25*  246.02 £37.60 Experimental 13 3592.33£317.33%  37.94 +4.08*
. # #
Treatment 13 345.16 +74.52 172. 19 +29. 46 Agonist 13 484. 36 +56. 24 12.17 +2.28
Agonist 13 585. 64 +56. 31 354.39 £36.05 .

. Inhibitor 13 3 568. 83 +316. 65 38.01 £3.80
Inhibitor 13 291.33 +41.39 153.56 +26. 89 N N
Kae + agonist 13 441.28 +61. 912 271. 13 £39, 544 Kae + agonist 13 1 901. 66 +383. 85 24.32 £2.76
Kae + inhibitor 13 196.59 +26. 324 97.53 +24. 672 Kae + inhibitor 13 4 804. 18 +360. 034 54.65 +7.01%

Compared with sham group, * P < 0.05; Compared with model group,
#P <0. 05 ; Compared with experimental group,” P <0. 05.

@ QN S
AN !\ig M SR INS

Figure 1

D ,
G\*&bw\‘“ ’,"" ~ »"mr =

1 AN — YL (HE) e 546 I 45 4R SRBOMRH A 2544 ( % 200,50 um)

Compared with sham group, * P < 0.05; Compared with model group,
#P <0. 05 ; Compared with experimental group,” P <0. 05.

i

Histological structure in each group of rat flaps detected by hematoxylin — eosin (HE) staining( x200, 50 pm)

A :Sham group ; B: Model group;C; Experimental group;D:Agonist group;E:Inhibitor group;F :Kae + agonist group; G:Kae + inhibitor group.
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RS SURMBGRALRSHE H K A G 4(CPX4) LK D
(GSDMD) HIPFIIERACE 1 (Caspase — 1) HIXFEZOKFI LR (2 £5)
Table 5
gasdermin D(SDMD) and Cysteinyl aspartate specific proteinase 1

Comparison of glutathione peroxidase 4 (GPX4), G

(Caspase — 1) protein relative expression levels in flap tissue in

rats among different groups(x +s)

Group n GPX4 Caspasel GSDMD
Sham 13 0.92+0.02 0.08 0. 03 0.06 0. 04
Model 13 0.30+0.07* 0.40+0.07* 0.57x0.05*
Experimental 13 0.47 £0.08*%  0.29 +0.04%  0.30 £0. 04"
Agonist 13 0.12+0.04 0.68 0. 07 0.93 +0.09
Inhibitor 13 0.47 £0.08 0.28 +0.03 0.30 +0.03
Kae + agonist 13 0.27+0.07% 0.40 £0.06% 0.56 £0.072
Kae +inhibitor 13 0.62+0.13% 0.18+0.06% 0.16+0.02%

Compared with sham group, * P < 0.05; Compared with model group,
#P <0. 05 ; Compared with experimental group,” P <0. 05.
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The relative expression levels of GPX4, GSDMD and
Caspase — 1 proteins in each group of rat flaps detected by Western blot

Figure 2

A : Sham group ; B: Model group ; C ; Experimental group ;D : Agonist group; E

Inhibitor group;F:Kae + agonist group ; G: Kae + inhibitor group.
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Figure 3

The ultrastructure of mitochondria in each group of rat flaps detected by transmission electron microscopy( x8 500, 1 wm)

A :Sham group ; B: Model group;C; Experimental group;D:Agonist group;E ;Inhibitor group;F : Kae + agonist group; G Kae + inhibitor group.
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