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Abstract

Myocardial ischemia, hypoxia and reperfusion injury are induced by aortic occlusion, cardiac arrest
and resuscitation during cardiopulmonary bypass (CPB), which can severely affect cardiac function.
The aim of the present study was to investigate the effects of hydrogen‑rich solution (HRS) and
aquaporin (AQP) on cardiopulmonary bypass (CPB)‑induced myocardial injury, and determine the
mechanism of the phosphatidylinositol 3‑kinase (PI3K)/protein kinase B (Akt) signaling pathway.
Sprague Dawley rats were divided into a sham operation group, a CPB surgery group and a HRS
group. A CPB model was established, and the hemodynamic parameters were determined at the
termination of CPB. The myocardial tissues were observed by hematoxylin and eosin, and Masson
staining. The levels of myocardial injury markers [adult cardiac troponin I (cTnI), lactate
dehydrogenase (LDH), creatine kinase MB (CK‑MB) and brain natriuretic peptide (BNP)], inflammatory
factors [interleukin (IL)‑1β, IL‑6 and tumor necrosis factor‑α (TNF‑α)] and oxidative stress indicators
[superoxide dismutase (SOD), malondialdehyde (MDA) and myeloperoxidase (MPO)] were determined
by ELISA. Furthermore, H9C2 cells were treated with HRS following hypoxia/reoxygenation. Cell
viability and cell apoptosis were investigated. The expression of apoptosis regulator Bcl‑2 (Bcl‑2),
apoptosis regulator Bax (Bax), caspase 3, AQP‑1, AQP‑4, phosphorylated (p)‑Akt, heme oxygenase 1
(HO‑1) and nuclear factor erythroid 2‑related factor 2 (Nrf2) were investigated using western blotting
and quantitative‑polymerase chain reaction of tissues and cells. Following CPB, myocardial cell
arrangement was disordered, myocardial injury markers (cTnI, LDH, CK‑MB and BNP), inflammatory
cytokines (IL‑1β, IL‑6 and TNF‑α) and MDA levels were significantly increased compared with the
sham group; whereas the SOD levels were significantly downregulated following CPB compared with
the sham group. HRS attenuated myocardial injury, reduced the expression levels of cTnI, LDH,
CK‑MB, BNP, IL‑1β, IL‑6, TNF‑α, MDA and MPO, and increased SOD release. Levels of Bcl‑2, AQP‑1,
AQP‑4, p‑Akt, HO‑1 and Nrf2 were significantly increased following HRS; whereas Bax and caspase‑3
expression levels were significantly reduced following CPB. HRS treatment significantly increased the
viability of myocardial cells, reduced the rate of myocardial cell apoptosis and the release of MDA and
LDH compared with the CPB group. A PI3K inhibitor (LY294002) was revealed to reverse the protective
effect of HRS treatment. HRS was demonstrated to attenuate CPB‑induced myocardial injury, suppress
AQP‑1 and AQP‑4 expression following CPB treatment and protect myocardial cells via the PI3K/Akt
signaling pathway.

https://pubmed.ncbi.nlm.nih.gov/?term=Song+D&cauthor_id=29956781
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+X&cauthor_id=29956781
https://pubmed.ncbi.nlm.nih.gov/?term=Diao+Y&cauthor_id=29956781
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+Y&cauthor_id=29956781
https://pubmed.ncbi.nlm.nih.gov/?term=Gao+G&cauthor_id=29956781
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+T&cauthor_id=29956781
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+K&cauthor_id=29956781
https://pubmed.ncbi.nlm.nih.gov/?term=Pei+L&cauthor_id=29956781
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6072160/
https://doi.org/10.3892/mmr.2018.9198
https://www.spandidos-publications.com/mmr/18/2/1925
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/29956781/


Figures

Figure 1. Establishment
of the CPB rat…

 

Figure 2. HRS attenuated
myocardial injury in…

 

Figure 3. HRS attenuated
mitochondrial oxidative
stress…

Figure 4. HRS attenuated
CPB induced apoptosis…

 

Figure 5. HRS
suppressed AQP protein
expression.…

 

Figure 6. HRS
suppressed apoptosis via
the…

All figures (9)

Related information

GEO Profiles
Gene
Gene (GeneRIF)
MedGen
Nucleotide (RefSeq)
Nucleotide (RefSeq)
Nucleotide (Weighted)
Protein (RefSeq)
Protein (Weighted)
PubChem Compound (MeSH Keyword)
Taxonomy via GenBank
UniGene

LinkOut - more resources

Full Text Sources

Europe PubMed Central
Ingenta plc
Ovid Technologies, Inc.
PubMed Central
Spandidos Publications

Other Literature Sources

scite Smart Citations

https://www.ncbi.nlm.nih.gov/pmc/articles/instance/6072160/bin/MMR-18-02-1925-g00.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/6072160/bin/MMR-18-02-1925-g01.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/6072160/bin/MMR-18-02-1925-g02.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/6072160/bin/MMR-18-02-1925-g03.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/6072160/bin/MMR-18-02-1925-g04.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/instance/6072160/bin/MMR-18-02-1925-g05.jpg
https://www.ncbi.nlm.nih.gov/geoprofiles/?linkname=pubmed_geoprofiles&from_uid=29956781
https://www.ncbi.nlm.nih.gov/gene/?linkname=pubmed_gene&from_uid=29956781
https://www.ncbi.nlm.nih.gov/gene/?linkname=pubmed_gene_rif&from_uid=29956781
https://www.ncbi.nlm.nih.gov/medgen/?linkname=pubmed_medgen&from_uid=29956781
https://www.ncbi.nlm.nih.gov/nuccore/?linkname=pubmed_nuccore_refseq&from_uid=29956781
https://www.ncbi.nlm.nih.gov/nucleotide/?linkname=pubmed_nucleotide_refseq&from_uid=29956781
https://www.ncbi.nlm.nih.gov/nuccore/?linkname=pubmed_nuccore_weighted&from_uid=29956781
https://www.ncbi.nlm.nih.gov/protein/?linkname=pubmed_protein_refseq&from_uid=29956781
https://www.ncbi.nlm.nih.gov/protein/?linkname=pubmed_protein_weighted&from_uid=29956781
https://www.ncbi.nlm.nih.gov/pccompound/?linkname=pubmed_pccompound_mesh&from_uid=29956781
https://www.ncbi.nlm.nih.gov/taxonomy/?linkname=pubmed_taxonomy_entrez&from_uid=29956781
https://www.ncbi.nlm.nih.gov/unigene/?linkname=pubmed_unigene&from_uid=29956781
https://europepmc.org/abstract/MED/29956781
https://www.ingentaconnect.com/openurl?genre=article&issn=1791-2997&volume=18&issue=2&spage=1925&aulast=Song
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=linkout&SEARCH=29956781.ui
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/29956781/
https://www.spandidos-publications.com/mmr/18/2/1925
https://scite.ai/reports/29956781


Research Materials

NCI CPTC Antibody Characterization Program

Miscellaneous

NCI CPTAC Assay Portal

https://antibodies.cancer.gov/detail/CPTC-TNNI3-1
https://assays.cancer.gov/non-CPTAC-3375

