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Exogenous spermidine alleviates intestinal ischemia-reperfusion injury
by activating the AMPK/PGC-1a pathway
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Abstract

Objective: To investigate the protective effect of exogenous spermidine on intestinal ischemia-re-
perfusion (IIR) injury and clarify whether it exerts the effect by activating the AMPK/PGC-1a path-
way. Methods: In vivo, 24 C57BL/6J mice were divided into 4 groups (6 mice in each group): sham
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operation group (Sham group), intestinal ischemia-reperfusion group (IIR group), sham operation—+
spermidine group (Sham-spd group), and intestinal ischemia-reperfusion—+ spermidine group (IIR+
spd group). A mouse IIR injury model was prepared, and intestinal tissue samples were harvested,
then the histological alterations were observed, Chiu's pathological injury scoring was performed, the
apoptosis was detected byvia TUNEL staining, and the protein expression of E-cadherin, AMPK, p-
AMPK, and PGC-1a was assessed by Western Blot. Kits were used to measure ROS, MDA, LDH
levels, and SOD activity. ELISA was employed to detect TNF-a and IL.-18 expression levels. RT-
qPCR was performed to assess mRNA expression of Tnf-a, I/-18, Ampk, and Pgc-la. In vitro, Ca-
co-2 cells were randomly divided into the control group (NC group), hypoxia/reoxygenation group
(HR group), control+spermidine group (NC—+spd group), and hypoxia/reoxygenation+ spermidine
group (HR-+spd group). Following establishment of the hypoxia/reoxygenation model, cell viability
was assessed using the CCK-8 assay. Reagent kits were employed to measure ROS, MDA, LDH
levels, and SOD activity. Western Blot analysis evaluated AMPK, p~AMPK, and PGC-1a protein
expression. ELISA assays determined TNF -a and IL-18 expression levels. RT-qPCR quantified
mRNA expression of TNF-a, IL-18, AMPK, and PGC-Ia. Results: In vivo, the IIR group exhibit-
ed significantly higher Chiu's pathological scores compared to the Sham group, along with elevated
levels of ROS, MDA, and LDH, reduced SOD activity, increased expression of pro-inflammatory
factors TNF -« and IL-1B, decreased expression of AMPK and PGC-1la, and a reduced p-AMPK/
AMPK ratio (P<<0. 05). Compared with the IIR group, the IIR+spd group exhibited reduced intesti-
nal histopathological damage, decreased Chiu's score, lower ROS, MDA, and LDH levels, in-
creased SOD activity, reduced apoptosis, decreased proinflammatory factor expression, increased
AMPK and PGC-1la expression, and elevated p~-AMPK/AMPK ratio (P<Z0.05). In vitro, Caco-2
cells exhibited reduced survival rates after HR exposure, elevated ROS, MDA, and LLDH levels, de-
creased SOD activity, increased pro-inflammatory factor expression, reduced AMPK and PGC-1a ex-
pression, and decreased p~AMPK/AMPK ratio (P<Z0. 05). In contrast, the HR+spd group exhibit-
ed reduced ROS levels, decreased inflammatory factor expression, increased AMPK and PGC-1a ex-
pression, and an elevated p-AMPK/AMPK ratio compared to the HR group (P<C0. 05). Conclusion:
Exogenous spermidine may alleviate IIR injury by activating the AMPK/PGC-1a pathway.
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Mix (5% 5 : RK21203) Iy T R E MR ml . i@
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1 E-Cadherin 47 (53 %5 : 3195) . % ¥ AMPK $T {4
15 :2532) A p-AMPK Bt (185 :50081) .
W PGC-la Hidi (585 : 2178) AU B-actin FALIL (1%
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1.2 SEIezh¥ R4y fd BT A4 A SPF 90 1
C57BL/6I /IR 24 H, 6~8 J& , A it i 20~25 g, 1
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38 3 AR AL 7E 532 nm Ab %L ; SOD i 1 I 5 R
FH K s P o e 5 38 o il AR A FE 450 nm Ab 25
LDH I 5 2R 3 AR 32 , 3 28 i b A FE 440 nm &b 52
1.6.5 ROS#ml A BEU6HH 45 , 42 1K 40 i 82 Fh
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5o Ampk TTAAACCCACAGAAATCCAAACAC CTTCGCACACGCAAATAATAGG
&) Pgc-la GAATCAAGCCACTACACACACACG CATCCCTCTTGAGCCTTTCGTG
Fil B-actin TTCTTTGCAGCTCCTTCGTT ATGGAGGGGAATACAGCCC

A TNF-a CCTCTCTCTAATCAGCCCTCTG GAGGACCTGGGAGTAGATGAG
A IL-13 CGAATCTCCGACCACCACTA AGGGAAAGAAGGTGCTCAGG
A AMPK TTGAAACCTGAAAATGTCCTGCT GGTGAGCCACAACTTGTTCTT
A PGC-la TCTGAGTCTGTATGGAGTGACAT CCAAGTCGTTCACATCTAGTTCA

A [-actin

CATGTACGTTGCTATCCAGGC

CTCCTTAATGTCACGCACGAT
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mRNA kK. 4558 8o (WK 3C) , 5 Sham
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A X 26 1k i 2 TH i (P<<0.05) , 36 W i Bk ifn 74 98
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