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Exploring effect of levosimendan in regulating macrophage polarization and
reducing atherosclerosis based on TLR4/NF-kB pathway
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Abstract: Objective By exploring the effect of levosimendan on the polarization of macrophages, observe its anti-atherosclerosis
(AS) mechanism. Methods Forty-five healthy and clean ApoE™ mice were randomly divided into model group, levosimendan (2 mg/
kg) group, levosimendan (2 mg/kg)+LPS [2 mg/kg, Toll-like receptor 4 (TLR4)] group with 15 mice in each group according to the
number table method, and fed with high-fat diet. Fifteen healthy and clean C57BL/6 mice were taken as control group and fed with

ordinary diet. After eight weeks of feeding, the model group and the control group were ip given equal volume of normal saline once
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a day for four weeks. Automatic biochemical analyzer was used to detect serum total cholesterol (TC), hyperlipidemia (TG), low-
density lipoprotein-cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) levels. HE staining and Masson staining
were used to observe the changes of aortic tissue morphology and fibrosis level. Oil red O staining was used to detect the formation
of plaque in the whole aorta and the aortic root. immunohistochemical staining was used to detect the expression of aortic M1
marker protein inducible nitric oxide synthase (iNOS) and M2 marker protein differentiation group 206 (CD206). Real-time
fluorescent quantitative PCR (qRT-PCR) was used to detect tumor necrosis factor- o (TNF- o) and interleukin (IL-6) in M1
macrophage-related gene and stransforming growth factor- B (TGF- ) and arginine-1 (Arg-1) in M2 macrophage-related gene.
Western blotting was used to detect TLR4 and nuclear transcription factor kB p65 (p-NF-«B p65) protein expression. Results
Compared with control group, the serum TG, TC and LDL-C levels of model group were significantly increased, and HDL-C levels
was significantly reduced (P < 0.05). The aortic intima was thickened, and the plaque area was significantly increased (P < 0.05).
The proportion of iNOS positive cells was significantly increased, and the proportion of CD206 positive cells was significantly
decreased (P < 0.05). The mRNA levels of TNF-a and IL-6 were significantly increased, and the mRNA levels of TGF-$ and Arg-1
were significantly down-regulated (P < 0.05). At the same time, the expression protein of TLR4 and p-NF-kB p65 were significantly
up-regulated (P < 0.05). Compared with model group, the serum TG, TC and LDL-C levels of the levosimendan group mice were
significantly reduced, and the HDL-C level was significantly increased (P < 0.05). The pathological phenomenon of the aorta was
reduced, and the plaque area was significantly reduced, the degree of fibrosis became smaller (P < 0.05). The proportion of iNOS
positive cells was significantly decreased while the proportion of CD206 positive cells was significantly increased (P < 0.05). The
mRNA levels of TNF-a and IL-6 were significantly down-regulated, the mRNA levels of TGF-f and Arg-1 were significantly
increased (P < 0.05). The expression protein of TLR4 and p-NF-«B p65 were also suppressed (P < 0.05). Compared with
levosimendan group, the mice that were treated with levosimendan after the TLR4 agonist effect showed no significant improvement
in the above-mentioned pathological phenomena. Conclusion Levosimendan can inhibit the expression of TLR4, prevent the
activation of the downstream NF-«kB signaling pathway, and regulate the polarization state of macrophages, thereby exerting an anti-
atherosclerotic effect in mice.

Key words: atherosclerosis; macrophage polarization; levosimendan; TLR4/NF-«B signaling pathway
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