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Research advances on preventive and therapeutic effects of hydrogen on cardio-

vascular and cerebrovascular diseases and underlying mechanisms
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Key Laboratory of Atherosclerosis in Colleges and Universities of Shandong Province, Institute of Atherosclerosis of Taishan Medical
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Abstract: For a long time, hydrogen (H,) has been considered as a physiological inert gas. However, recent studies have demonstrated
that molecular H, exerts significant therapeutic effects on various disease models due to its antioxidative, anti-inflammatory and
anti-apoptotic capabilities, which have also been well confirmed in many clinical trials. Cardiovascular and cerebrovascular diseases
(CCVDs) are the leading cause of death in the world, constituting a serious threat to human life and public health. In this paper, we
reviewed the latest research progress of the biomedical effects of H, in CCVDs and its possible molecular mechanisms, in the hope of
providing new clues for the treatment of some CCVDs.
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Fig. 1. Schematic summary of possible molecular mechanisms of hydrogen (H,) involved in cardiovascular and cerebrovascular diseases.
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Table 1. Studies about hydrogen (H,) involved in regulating signal pathway
Diseases (Model) Subject Method and dose  Signaling molecules Molecular mechanism Reference
Neointimal hyperplasia ~ Sprague Dawley rats  H-rich saline TNF-o/NF-kB Neutralized ROS and suppressed [46]
and restenosis after and medium TNF-a/NF-«B pathway
angioplasty
EBI following SAH Rabbits Ho-rich saline NF-«xB/Bcl-xL Significantly reduced neuronal [36]
apoptosis, increased NF-kB activity
and expression of Bel-xL
VSMC proliferation and  Sprague Dawley rats  Hp-rich saline Ras-ERK1/2-MEK1/2,  Inhibited ROS production, inactivated [47]
neointimal hyperplasia ~ VSMCs and medium Akt Ras-ERK1/2-MEK1/2 and Akt
pathways
Myocardial injury H9c2 cells Ho-rich medium  Nrf2/HO-1 Eliminated -OH and activated [48]
Nrf2/HO-1 signaling pathway
EBI following SAH Sprague-Dawley rats  Ha-rich saline Akt/GSK3B Attenuated neuronal apoptosis, [38]
improved neurofunctional outcome
partially via Akt/GSK3p pathway
Atherosclerosis LDL Ha-saturated Nrf2 Suppressed activation of ERS and [17]
receptor-knockout medium and activated Nrf2 antioxidant pathway
(LDLR™") mice saline
Myocardial reperfusion  Sprague-Dawley rats  Ha-rich saline p38/INK Inhibited phosphorylation of p38 and ~ [26]
injury INK
Proliferation and VSMCs Hs-rich medium ERK1/2, p38, INK, Reduced oxidative stress, blocked [49]
migration of VSMCs ERM phosphorylation of ERK1/2,
p38 MAPK, JNK and ERM
SAH-induced EBI Sprague-Dawley rats  H-rich saline NF-xB Inactivated NF-kB pathway and [39]

TNF-a: tumor necrosis factor a; NF-kB: nuclear factor-kB; ROS: reactive oxygen species; EBI: early brain injury; SAH: subarachnoid

hemorrhage; VSMC: vascular smooth muscle cell; ERK: extracellular signal-regulated kinase; Nrf2: NF-E2-related factor 2; HO-1:

heme oxygenase-1; LDL: low density lipoprotein; LDLR: low density lipoprotein receptor; ERS: endoplasmic reticulum stress; JNK:

c-Jun NH-2-terminal kinase; ERM: ezrin/radixin/moesin; NLRP3: nucleotide-binding oligomerization domain like receptor family,

pyrin domain-containing 3.
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