¥ 50% H5 WO R %o Ml ('R Vol. 50 No. 5
20244F 9 H Journal of Jilin University (Medicine Edition) Sep. 2024 1227

[STEHS] 1671-587X(2024)05-1227-08 DOI:10. 13481/j. 1671-587X. 20240505

REEFMEMEBRKETHBERBF LR MMEART KR
I & 2 At 45 44 153 1% B IRUAR AE

OBk BRI, RER F AL RN, ZARS AR
(1. il %2 42 B O 2 DR B 66 [ B AP R 7 o8 B AR e 5 i il 58 2, 04 B 5 R & i R K & R
SCH A, EIRK 40004252, Bl 7R R RIT R Bt B MBI 58 0 048 A U3 AR MRS AL S 3L A0
Pl 52 G0 ERE LR E, HIK 400042)

(# ZE] B FEOHRRE 508 KE I A& 2% i OR 58 BRI 48 45k 58 T2 & A= 15 150 0 I 457 400 it 245
F g, I B LA FHAL . ¥R . B 54 FUEERRE B4R SD KB, BAL /M IE & 4l . B KE B 0 9 & 2k
MR e (B AMWBARE R GARYY) 4, FH18 1, AR 10 H Rk M ER KN, B8H
KEH TR A e bR . WA K BOF I AEGITR] (ST) . 24 h B 72 hA7 36 16 B, WL 45 4 K Bl
FE (BP), LF (HR) FMFEEAAZER (RR), K& 4K R EH mALEF (Scr) . MmIRE % (BUN) .
M (LAC). M (GLU)., BE 7. S HIK (GSH) N (MDA) /K KR4 &R AL
Bl (AST). WRMRALL B (ALT) MILMBLAE (LDH) %M, Western blotting 3546 il 4 21
KEH RS KA ZUh B FE T AR 35 B (A e H G Sk W 4 (GPX4) . 3 3 505 7 i bt 11
(SLC7A1L) FEAREHE S8 (ML 2R 1 (HO-1) &R EKKE, WEED KB R 3k
HERHE LSRN, R FHARNEIAERE 720, BMARRBEKST AT Oh, SHALH L
B, WITHRKRM ST 24 hfFiEHR (SR) WE AR (P<L0.05). SIE®EAILE, BAHKRBP.
HRF RRHY R FEIL (P<<0.01); SEMA A, BITHA KRR BP. HRAMRRUIE FHE (P<<0.05),
HIE® Ak, RAHKRIME S AST M ALT #H & Scr M BUNJKFH B A& (P<<0.01); S8
A, JRYT AR EUMTE T LAC M GLU KB @R (P<<0.01). SIEH A tAr, A4 K Rl i ik
BTWE . GSHKF. MDAJK A LDHEMEH R A S (P<C0.05); SHERA LE, 177 A KRN
BB TR LDH &M B R AR (P<<0.01). HIEW 4 tedr, B4k R R sl k4l 4l GPX4
FISLCTALL A KL K F I BFEM (P<<0.05); SEAILIHE, A7 4K R &R B L 3 k4141
GPX4 M SLCTALL FIAK - B A= (P<<0.05). SIEW AL, HAA K R m &M sl k8
HO-1 2 [ #£ A KFEF 8 (P<<0.01); S g, A7 A KR R Esh ke 80 HO-1 & 1 %
KT (P<<0.01). Ao HL, SRR BRI R Ll bkss 2 HES) =60, B 2 b Ak, R B
B3N BRI A KB R L ) kA 205 BEAS R o RO, OE 2 K BRI A P B 4 it &5 A 58
B PN B2 M R G K 5 R R 4 R I A PN R AN RS AR, A0 RV AR R, EL PN R 4 R R
B b K 5 TR AR BRI PN B A B ek Bk R . B R K R O R il AR B R B A 2 2 A Ak
FET, VAR 568 0% 3 b 400 ok 0L A5 2H £ 4k E T U A L A5 A0 L 2 A B 5

(iR mIERi; Rk, WRE N, #IeT; mE

[FESZEE] RI136.37; R541.64 [XEttrERL] A

KR EH] 20230905

(E£WME] HERHAABFEEST ETE (82072164); FEAE#HBFE KT H (ALJ18J00; BLJ21J002-1)

(MEHEB/N] /B (1986—), B, EERMAJNXA, BIEIFFIEE, BRSO, £2 G50 008 2 B A8 1k Jr i 1Y)
5%

[EEEE]  otW, BIHF% R (E-mail: yanggm971@163.com)



1228 TR (M) 50% 5 202449 A
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ABSTRACT Objective: To discuss the effect of fluid resuscitation on the occurrence of ferroptosis in
vascular tissue and the structure of vascular cells in the rats with blast injury complicated with hemorrhagic
shock, and to clarify its mechanism. Methods: A total of 54 healthy adult SD rats were randomly divided
into normal group, blast injury complicated with hemorrhagic shock (model) group, and the fluid
resuscitation (treatment) group, and there were 18 rats in each group. Among them, 10 rats were randomly
selected to observe the surival status and another 8 rats were selected to detect the other indexes. The
average survival time (ST), 24 h and 72 h survival rates of the rats in various groups were observed; the
blood pressure (BP) , heart rate (HR) , and respiratory rate (RR) of the rats in various groups were
observed ; the levels of serum creatinine (Scr) , blood urea nitrogen (BUN) , lactate (LAC), glucose
(GLU) , iron ions, glutathione (GSH) , and malondialdehyde (MDA) and the activities of aspartate
aminotransferase (AST ), alanine aminotransferase (ALT) and lactate dehydrogenase (LDH) in serum of
the rats in various groups were detected ; Western blotting method was used to detect the expression levels
of ferroptosis marker proteins glutathione peroxidase 4 (GPX4) , solute carrier family 7 member 11
(SLC7A11), and heme oxygenase 1 (HO-1) proteins in superior mesenteric artery tissue of the rats in
various groups; the pathomorphology of the superior mesenteric artery of the rats in various groups was
observed. Results: All the rats in normal group survived for 72 h, while the longest ST of the rats in model
group did not exceed 9 h. Compared with model group, the ST and 24 h survival rate (SR) of the rats in
treatment group were significantly increased (P<C0.05). Compared with normal group, the BP, HR, and
RR of the rats in model group were significantly decreased (P<C0.01). Compared with model group, the
BP, HR, and RR of the rats in treatment group were significantly increased after fluid resuscitation (P<C
0.05). Compared with normal group, the activities of AST and ALT, and the levels of Scr and BUN in
serum of the rats in model group were significantly increased (P<C0.01). Compared with model group, the
serum levels of LAC and GLU of the rats in treatment group were significantly decreased (P<C0.01).
Compared with normal group, the concentration of iron ion, GSH level, MDA level, LDH activity in
serum of the rats in model group were significantly increased (P<C0.05) ; compared with model group, the
concentration of iron ion and LDH activity in serum of the rats in treatment group was significantly
decreased (P<C0.01). Compared with normal group, the expression levels of GPX4 and SLLC7A11 in
superior mesenteric artery tissue of the rats in model group were significantly decreased (P<C0.05) ;
compared with model group, the expression levels of GPX4 and SLC7A11l in superior mesenteric artery

tissue of the rats in treatment group were significantly increased (P<C0.05). Compared with normal
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group, the expression level of HO-1 protein in superior mesenteric artery tissue of the rats in model group
was increased (P<C0.01); compared with model group, the expression level of HO-1 protein in superior
mesenteric artery tissue of the rats in treatment group was increased (P<C0.01). The microscopic
pathology results showed that the cell arrangement in the layers of the superior mesenteric artery tissue of
the rats in model group was disordered, the swelling was significant and the thickness was increased; the
pathological changes in superior mesenteric artery tissue of the rats in treatment group was alleviated. The
ultramicroscopic pathology results showed that the endothelial cell structure of blood vessels of the rats in
normal group was intact, and there was no swelling in the subendothelial matrix; the vascular endothelial
cell membrane of the rats in model group was damaged, there were cytoplasmic dissolution and
fragmentation, and the swelling of the subendothelial matrix was significant; the swelling of the vascular
endothelial cells in treatment group was alleviated. Conclusion: Ferroptosis occurs in vascular tissue of the

rats with blast injury complicated with hemorrhagic shock, and fluid resuscitation can alleviate the structural

damage of the vascular cells by inhibiting the vascular tissue ferroptosis.
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E1~2 ym B UL, BEFERIE A b o RINELCF W
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2 & B

2.1 BAKRAFEEL LG R0 AR
EHH R ARAEN 72 h, BIBIH KR KEK ST
AN#BE9h, 241 KB ST, 24 h SR 72 h SR [L4
R E L (P<0.01) . 58 R4 LA,
BITH KR ST 24 h SR (50%) W8T (P<
0.05), 72h SR (10%) ZREZITFE X (P>
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HIEwWH LK, SHAH KR BP. HR A RRY
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B ZE A IR AE Y947 B 3%, BP. HR ATRR B & 7t
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1 BAKRRAERR K2 BUHRREMEKLE
Tab. 1 Survival of rats in various groups (n=10) Tab. 2 Vital signs of rats in various groups
Group ST(#/h) 24hSR(»/%)  72h SR(7/%) (=800
Normal 72.00220.00 100 100 Group BP(P/mmHg) HR(beat-min ') RR(beat-min ')
Model 5.374+0.51' 0’ 0’ Normal ~ 107.76+4.24  384.9845.77 81.50+2.76
Treatment  24.2846.00" 50” 10 Model 40.74+4.48  270.84+19.98' 48.754-3.59°
"P<20. 01 vs normal group; “P<<0. 05 vs model group. Treatment  69.58+5.02"  340.024+25.24"  67.63+£6.37"

m (P<<0.05)., %2,

SIEE A, B K BRI D) g E
1, Mg ASTHALT i & Ser, BUN, LAC 1
GLUKY-H B FHEn (P<<0.01); SHRA L, 14
J7 AR B AV DhRe I AR5 B0, g AST i

"P<C0. 01 vs normal group; “P<20. 05 vs model group.

ALT 35 P K Ser f1 BUN K 2 % LG it %= X
(P>0.05), LAC 1 GLU 7k *F 8] & & % (P<<
0.01). WL 3,

x3 FAHAKRRMBELEMAER

Tab. 3 Biochemical indicators in serum of rats in various groups (n=8,x%s)
Group AST ALT Scr BUN LAC GLU
[/ (U-L7H] [A,/(U-L7H] [ep/(pmol-L™H]  [ep/(mmol- ™)) [¢y/(mmol-L™)]  [¢/(mmol-L™")]
Normal 69.134+2.53 31.7541.03 20.75+1.25 6.574+0.32 0.17+0.04 6.654+0.29
Model 239.00+42.95" 133.25+19.62" 91.63+13.05" 14.79+3.22" 0.63+0.107 19.05+2.37"
Treatment 317.75+25.49 160.25415.33 148.63+14.72 13.90+1.25 0.26£0.06° 10.944-1.214

'P<<0.01 s normal group; ©P<<0.01 vs model group.

2.2 BUXKRFLETREFAEAL D HIF
5IEH 4 R, AR g KRR T Ak B PR
GSH /K. MDA K¥-#1 LDH & B I E (P<

0.05); SHEAIAH H, 1697 4K R s 28 17k
JE A LDH 35 M B B AL (P<<0.01), I+ GSH
MDA KB B REAL (P<<0.05), W4,

F4 o I ERE T A A AL R B AT

Tab. 4 Concentrations of ferri iron and oxidative stress indicators in serum of rats in various groups (n=8,z+5)

Group Tron[e,/(pmol- L™ 1)] GSHle,/(pmol-L™1] MDA[¢,/(pmol-L™")] LDH[p,/(ng-L™ "]
Normal 19.13+2.16 6.26--0.24 0.844-0.03 8.194-0.20
Model 26.82+2.78" 6.60+0.41" 1.2140.16 10.16-0.24"
Treatment 16.14+2.40" 5.93+0.11° 1.02-+0.09" 9.67-+0.40"

#P<20.01 vs normal group;“ P<20.05 vs model group.
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PR W AW B (P<<0.05), R T- %
A WRITH KR R B3 ik 48T GPX4 A
SLC7A1L# H R XK PR AR AW 8w (P<
0.05), #/RMAIASE eI R IE T . BRI K
B 2 b 3 k2 21 b HO-1 2 1 2 35 K -5 0E
M B TR (P<<0.01); SEERI4IE, RIT 4
KM R K 8h Bkl 21 HO-1 & H £ kK VT

(P<<0.01). WK1,
24 BUAXRAMARLIKRARBELSEKA
O BRAE R W s B2 R U R R L B kA
JZA M HESI AL, IR, R R iRYT
R B &L Bl ik 2L 2 b i i, DL 20 R
FRERAS R R IR ORI B N B R A A e B
PN B A0 T S JTTC M A 5 R O BRI P B A
R IR , 0 o e e, EL N B2 200 5 5 T A e
JK s IR IT AL SR AE P B 2 e i, LI 3
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A—C:Electrophoregrams(Lane 1: Normal group;Lane 2: Model group; Lane 3: Treatment group) ; D—F: Histograms; D : Expression level
of GPX4 protein; E : Expression level of SCL7A11 protein; F : Expression level of HO-1 protein.’P<<0.05, “P<20.01 compared with normal
group;*P<0.05, ““P<C0.01 compared with model group.

Bl1 Western blotting ¥4 I 4 241 K B 2 BB _b 30 bk 4 P 8RSE ToAR i B B R IB A 3k B (A~ C) M EL &K B (D~F)
Fig. 1 FElectrophoregrams(A—C) and histograms(D—F) of ferroptosis marker proteins in superior mesenteric artery

tissue of rats in various groups detected by Western blotting method

A,D: Normal group; B,E: Model group; C,F: Treatment group; *: Vascular lumen.
B2 RE-RERGEWXHAKR G RRE L) BRUR BN

Fig. 2 Microstructures of mesenteric artery tissue of rats in various groups detected by Azure-Eosin staining
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A': Normal group; B: Model group; C: Treatment group. *: Vascular lumen; Red circle: Vascular endothelial cells.

B3 A4 KR A 40 R A

Fig. 3 Ultrastructures of vascular endothelial cells of rats in various groups
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