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Soybean isoflavones alleviate cerebral ischemia/reperfusion injury in rats by inhibiting

ferroptosis and inflammatory cascade reaction
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'‘Department of Clinical Medicine, *Department of Pathophysiology, °Key Laboratory of Basic and Clinical Cardiovascular and
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Abstract: Objective To explore the mechanism that mediates the effect of soybean isoflavones (SI) against cerebral ischemia/
reperfusion (I/R) injury in light of the regulation of regional cerebral blood flow (rCBF), ferroptosis, inflammatory response
and blood-brain barrier (BBB) permeability. Methods A total of 120 male SD rats were equally randomized into sham-operated
group (Sham group), cerebral I/R injury group and SI pretreatment group (SI group). Focal cerebral I/R injury was induced in
the latter two groups using a modified monofilament occlusion technique, and the intraoperative changes of real-time cerebral
cortex blood flow were monitored using a laser Doppler flowmeter (LDF). The postoperative changes of cerebral pathological
morphology and the ultrastructure of the neurons and the BBB were observed with optical and transmission electron
microscopy. The neurological deficits of the rats was assessed, and the severities of cerebral infarction, brain edema and BBB
disruption were quantified. The contents of Fe**, GSH, MDA and MPO in the ischemic penumbra were determined with
spectrophotometric tests. Serum levels of TNF-a and IL-1Bwere analyzed using ELISA, and the expressions of GPX4, MMP-9
and occludin around the lesion were detected with Western blotting and immunohistochemistry. Results The rCBF was
sharply reduced in the rats in I/R group and SI group after successful insertion of the monofilament. Compared with those in
Sham group, the rats in I/R group showed significantly increased neurological deficit scores, cerebral infarction volume, brain
water content and Evans blue permeability (P<0.01), decreased Fe*' level, increased MDA level, decreased GSH content and
GPX4 expression (P<0.01), increased MPO content and serum levels of TNF-at and IL-1( (P<0.01), increased MMP-9 expression
and lowered occludin expression (P<0.01). All these changes were significantly ameliorated in rats pretreated with IS prior to I/
R injury (P<0.05 or 0.01). Conclusion SI preconditioning reduces cerebral I/R injury in rats possibly by improving rCBF,
inhibiting ferroptosis and inflammatory response and protecting the BBB.

Keywords: soybean isoflavones; cerebral ischemia/reperfusion; regional cerebral blood flow; ferroptosis; inflammatory
response; blood-brain barrier
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Fig.1 Dynamic changes of regional cerebral blood flow (rCBF). A: Changes of rCBF in I/R group. B:
Changes of rCBF in SI group. C: Unstable rCBF after monofilament insertion. D: Restored rCBF after
monofilament removal. The black arrows indicate the time points of monofilament insertion, and the

red arrows indicate monofilament removal.
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neurons under transmission electron microscopy (B; left, x2500; right, x8000). The arrows indicate the mitochondria.
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Fig.3 Ultrastructural changes of the blood-brain barrier (left, x4000; right, x20 000).
A: Endothelial cells. B: Tight junctions. C: Basement membranes. D: Astrocytes. E:

Vascular lumens.
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Fig.4 Changes of the neurological deficit score (A), brain infarct volume (B, C; TTC staining), brain water content
(D) and Evans blue permeability (E, F; EB staining). **P<0.01 vs Sham; "P<0.05, “P<0.01 vs I/R (n=6).



+ 328 - J South Med Univ, 2023, 43(2): 323-330 http://www.j-smu.com
A 1.8 % B 30 C 12 D _45 *K
1.6 = # 3 4.0
=16 225 #o 210 » 3’ »
212 520 508 £3.0
10 2 15 325
2038 £ £20
= 0.6 210 £15
02 & . g 0.(5)
0
Sham I/R SI Sham /R SI Sham I/R SI Sham I/R SI
F
E
GP X4 — >
)
(="
)

Bactin] S |

Sham I/R SI

5 BRIETHXIERE

Fig.5 Changes in indicators related to ferroptosis. A: Content of Fe**. B: Content of GSH. C: Quantitative analysis of
GPX4 expression. D: Content of MDA (11=6). E: GPX4 expression detected by Western blotting (1=3). F: GPX4 expression
detected by immunohistochemistry (x400). **P<0.01 vs Sham; “P<0.05, “P<0.01 vs I/R.
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Fig.6 Changes in indicators related to inflammatory response (1=6). A: Content of MPO. B: Activity of TNF-a.
C: Activity of IL-1B. **P<0.01 vs Sham; ‘P<0.05, “P<0.01 vs I/R.
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Fig.7 Changes in indicators related to blood-brain barrier injury. A: Expression of MMP-9
and Occludin detected by Western blotting (n=3). B: Quantitative analysis of MMP- 9
expression. C: Quantitative analysis of occludin expression. D: Expression of MMP-9 and
occludin detected by immunohistochemistry (x400). **P<0.01 vs Sham; "P<0.05, “P<0.01 vs I/R.
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