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Shengmai Yin attenuates myocardial ischemia injury by inhibiting
MAPK signaling pathway and coordinately regulating gut microbiota
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Abstract: This study aimed to investigate the mechanism of the traditional Chinese medicine compound
Shengmai Yin (SMY) in exerting anti-myocardial ischemia (MI) effects through the synergistic regulation of the
gut microbiota and the MAPK signaling pathway. First, network pharmacology combined with GO and KEGG
enrichment analysis was used to predict the potential targets and signaling pathways of SMY against MI. Secondly,
an acute myocardial ischemia model was established in SD rats by intraperitoneal injection of pituitrin (25 U-kg™),
while SMY was administered by intragastric gavage for intervention for 7 days, with daily body weight recording.
Subsequently, electrocardiogram and cardiac histopathological changes were detected. The levels of myocardial
injury markers [aspartate aminotransferase (AST), creatine kinase (CK), lactate dehydrogenase (LDH), lactic acid
(LD), and cardiac troponin- I (cTn- I)], oxidative stress indicators [superoxide dismutase (SOD), glutathione
peroxidase (GSH-Px), malondialdehyde (MDA)] and inflammatory factors [tumor necrosis factor- o (TNF- a),
interleukin-6 (IL-6), interleukin-18 (IL-15)] were measured. Immunohistochemistry was used to detect the
expression of key apoptosis-related proteins in myocardial tissue, including Bcl-2 associated X protein (Bax),
cysteinyl aspartate specific proteinase-3 (Caspase-3), and B-cell lymphoma-2 (Bcl-2). TUNEL staining was used to
detect cardiomyocyte apoptosis. Western blot was used to detect the expression levels of key proteins in the
mitogen-activated protein kinase (MAPK) signaling pathway. 16S rRNA sequencing was used to analyze the
structural changes of the gut microbiota. The experimental animals were approved by the Experimental Animal
Management Committee Ethics Committee of Chengdu University of Traditional Chinese Medicine (Approval
No.: 2014 DL-023). Network pharmacology analysis identified pivotal targets including TP53, TNF, MAPKI,
MAPK3, and CTNNBI1, which are predominantly involved in the MAPK and PI3K-AKT signaling pathways. In
vivo studies demonstrated that SMY ameliorated electrocardiographic abnormalities and histopathological lesions,
reduced serum levels of myocardial injury biomarkers and pro-inflammatory cytokines, suppressed the
phosphorylation of the key MAPK protein p38, downregulated the expression of Bax and Caspase-3, and
upregulated Bcl-2. Furthermore, 16S rRNA sequencing revealed that SMY modulated gut microbiota diversity and
compositional structure. These findings suggest that SMY exerts cardioprotective effects against myocardial
ischemia, potentially by suppressing inflammatory responses and cardiomyocyte apoptosis. This therapeutic effect
is associated with the modulation of the MAPK signaling pathway and alterations in gut microbiota composition;
however, the precise mechanisms and causal relationships warrant further investigation.
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10 222284 beta-Sitosterol 50 Red Ginseng
A A B :
Plasma membrane protein complex Pathways in cancer .
embrane raft .. -
bRecepwr cgmplex Lipid and atherosclerosis )
Membrane microdomain 2 i i
g e - PI3K-Akt mgnalmg.pathway [ )
Cell body a Proteoglycans in cancer [ ) -log, (P value)
Pos tsyﬁ;{)(;{el cAMP signaling pathway °
External side of plasma membrane AGE-RAGE signaling pathway in diabetic complications o 90
Neuronal cell body Human cytomegalovirus infection ® 80
Protein kinase activity - i 3 70
Phosphotransferase activity, alcohol group as acceptor logq (P value) MA.PK s¥gnal{ng pathway | @ 60
Kinase activity Calcium signaling pathway [ ) e
Proteinlﬁggzg Eizg:ﬁg . 80 Fluid shear stress and atherosclerosis °
. Oxidoreductase activity s Pathways of neurodegeneration - multiple diseases 8 Cott
B ri’,ﬁi‘;#ﬂ%‘;ﬁ?ﬁg{gg ﬁfﬁxﬁg o Kaposi sarcoma-associated herpesvirus infection (] o 5
Metal ion transmembrane transporter activity 40 Hepatitis B °
Protein serine/threonine kinase activity . . @
— Alzheimer disease { @
Pathways in cancer Prostat o [ B
Circulatory system process 1osiatecaticer ® o
Cancer pathways Chemical carcinogenesis - receptor activation ® @
Blood circulation E i . 5 @
Cellular response to nitrogen compound - Chemical carcinogenesis - reactive oxygen species °
Regulation of system process el HIF-1 signaling pathway °
Response to oxygen levels 5 s
Response to decreased oxygen levels TNF signaling pathway °
Response to hypoxia i °
Signaling by interleukins Apoplosis
0 50 100 8 12 16 20 24
Counts Enrichment score

Figure 1

Network pharmacology prediction results. A: GO enrichment analysis results; B: KEGG pathway enrichment analysis results
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Figure 2 Protective effects of Shengmai Yin on acute myocardial ischemia induced by pituitrin in rats. A: Representative electrocardiogram

at baseline and post-pituitrin injection. Group N represents the sham-operated control receiving intraperitoneal normal saline; B:

Representative histopathological images of myocardial tissue stained with H&E. (scale bars: low-magnification images, 100 pm; high-

magnification images, 10 pm); C - G: Serum biochemical analysis of myocardial injury markers: Aspartate aminotransferase (AST, C),

creatine kinase (CK, D), cardiac troponin I (cTn-I, E), lactic acid (LD, F), and lactate dehydrogenase (LDH, G) activities. n = 8, x + 5. "P <
0.05, "*P < 0.000 1 vs N group; "P < 0.05, "P<0.01, "P<0.001, " P <0.000 1 vs M group
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Figure 3 Effect of Shengmai Yin on inflammatory cytokines and oxidative stress in rats with acute myocardial ischemia induced by

pituitrin. A—C: Serum concentrations of pro-inflammatory cytokines, interleukin-6 (IL-6, A), interleukin-14 (IL-1f, B), and tumor necrosis

factor- & (TNF-a, C); D: Serum glutathione peroxidase (GSH-Px) activity; E: Serum superoxide dismutase (SOD) activity; F: Serum
malondialdehyde (MDA) level; G: Serum nitric oxide (NO) concentration. n = 6, X £ 5. “P < 0.01, P < 0.001, P < 0.000 1 vs N group;

"P<0.05,"P<0.01,"P<0.001, ""P<0.000 1 vs M group
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Figure 4 Effects of Shengmai Yin on cardiomyocyte apoptosis in myocardial tissue of rats with acute myocardial ischemia. A —D:

Representative immunohistochemical (IHC) staining images (scale bar = 50 pm) and quantitative analysis of the expression levels of
apoptosis-related proteins (Bax, Bcl-2, and Caspase-3) in myocardial tissues; E: Representative images of TUNEL staining (green, apoptotic
cells), DAPI counterstaining (blue, nuclei), merged images (scale bar = 50 um), and quantitative analysis of the cardiomyocyte apoptosis
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Figure 5 Effects of Shengmai Yin on the phosphorylation of MAPK signaling pathway key proteins in myocardial tissues of rats with
myocardial ischemia. A: Representative Western blot bands of phosphorylated ERK (p-ERK), total ERK, phosphorylated JNK (p-JNK), total
INK, phosphorylated p38 (p-p38), total p38, and f-actin (loading control) in myocardial tissues; B—D: Quantitative statistical analysis of the
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Figure 7 Shengmai Yin modulates gut microbiota and correlates with myocardial injury indices in rats with myocardial ischemia. A:
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