
mHW Promotes Production of ATP Independent of the Electron Transport Chain 
mWH – molecular Hydrogen Water 

 
Recent work has shown that brain pericytes are critical to protecting the BBB and the 
neurovascular unit from oxidative stress, but are themselves very sensitive to oxidative 
stress, especially as induced by mitochondrial respiration [18], [31], [32]. The work 
summarized in Table 2 shows that mHW reverses the CCI-induced altered gene 
expression related to oxidation and carbohydrate metabolism and, as such, brain pericytes 
are the logical cell type to examine when assessing the protective effects of a CNS anti-
oxidant. Assessment of cellular respiration showed that exposure of brain pericytes to 
molecular hydrogen for 24 h increased basal respiration, reserve capacity, and non-
mitochondrial respiration, where “non-mitochondrial respiration” is defined as oxygen 
use that occurs despite shutdown of the electron transport chain (Figure 10). In cells not 
exposed to the metabolic stressors (Figure 10D), ATP production as assessed by oxygen 
consumption was not increased but direct measurement of ATP showed that it was, again 
indicating ATP production independent of oxygen use. In pericytes in which the electron 
transport chain was inactivated (Figure 11), molecular hydrogen was without effect on 
oxygen consumption or ECAR, but ATP levels were found to be elevated. Thus, the work 
in figures 10 and 11 provide evidence that molecular hydrogen can support ATP 
production independent of the electron transport chain. We propose that these findings 
can all be explained by the Jagendorf reaction, defined as ATP production that results 
from an inequality of hydrogen ion electrochemical activity that has been produced 
independently of the electron transport chain [33]. Under normal circumstances, the 
electron transport chain establishes the proton gradient and the gradient results in ATP 
production. Jagendorf, however, showed that the electron transport chain could be 
bypassed and ATP produced independently of it by establishing the hydrogen gradient 
with an acid environment. We propose that molecular hydrogen may also be producing a 
hydrogen gradient, thus promoting mitochondrial ATP production independent of 
electron transport chain activity. Thus, molecular hydrogen may be working in part by 
overcoming the deficit in ATP that cells undergoing TBI, and so having mitochondrial 
damage [34], experience. 
 
 
Overall, these studies provide proof of principle that mHW can potently reverse, block, or 
attenuate many of the effects of CCI. These include effects on edema formation, tau 
pathology, regulators of fluid and BBB functions, neuroinflammation, and gene 
expression. These studies were limited in that they did not evaluate mHW treatment 
without a pretreatment phase, but suggest that mHW could be an important, nontoxic 
treatment for acute TBI. Because of its nontoxicity and ease of administration, mHW 
could be readily adapted for clinical, emergency, and even first responder use. 


