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Molecular hydrogen modulates brain glutamate/ 
GABA-glutamine cycle in overweight humans

Darinka Korovljev1, Jelena Ostojic1,2, Nikola Todorovic1, Sergej M. Ostojic1,3,4

A b s t r a c t

Introduction: We evaluated whether 12-week intake of molecular hydrogen 
(H2) in 5 overweight adults (3 women; age: 50.2 ±11.9 years, body mass in-
dex: 29.4 ±2.1 kg/m2) affects brain levels of the glutamate-glutamine-GABA 
cycle, critical amino acid neurotransmitters in the mechanism of neuronal 
activation during appetite regulation.
Methods:  A 1.5-T single-voxel proton magnetic resonance spectroscopy was 
used to assess the tissue concentrations of relevant metabolites. 
Results: The mean glutamate and glutamate-plus-glutamine levels at the 
posterior cingulate gyrus decreased significantly during the study; this was 
accompanied by a significant drop in GABA levels at left prefrontal white 
matter, and glutathione levels at anterior cingulate gyrus. No changes in the 
brain metabolites were found in the comparable group of overweight indi-
viduals (n = 4, 2 women; age: 41.0 ±13.9, BMI 26.8 ±1.3 kg/m2) followed-up 
in the past without this treatment. 
Conclusions: We showed a possible hydrogen-driven upregulation of neu-
rotransmitters involved in appetite stimulation leading to hunger suppres-
sion and weight loss. Further studies analyzing appetite-controlling met-
abolic pathways affected by H2 would require monitoring of additional 
biomarkers of satiation and satiety during different feeding regimens.

Key words: hydrogen-rich water, overweight, proton MRS, white matter, 
grey matter.

Molecular hydrogen (H2) is an experimental biomedical gas that posi-
tively impacts overweight, obesity, and other metabolic disorders [1]. This 
could be partly due to its ability to tackle anorexigenic and orexigenic 
signalling in the brain [2]. We evaluated whether the medium-term in-
take of molecular hydrogen in overweight adults affects brain levels of the 
glutamate-glutamine-GABA cycle, critical amino acid neurotransmitters 
in the mechanism of neuronal activation during appetite regulation [3].

Methods. The present study was an interventional pilot study with his-
torical controls; the study was conducted at the Applied Bioenergetics Lab 
at the University of Novi Sad from June to December 2022. The participants 
comprised 5 apparently healthy adults (3 women; age: 50.2 ±11.9 years) 
with body mass index (BMI) ≥ 25.0 kg/m2 (mean: 29.4 ±2.1 kg/m2; 95% CI,  
from 26.7 to 32.0) and no recent history of using anti-obesity med-
ications; free from acute injuries and major chronic diseases. All par-
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ticipants consumed 7.5 mg of H2 per day for 12 
weeks, administered as hydrogen-rich water 
(Natural Health Products Inc., New Westminster, 
Canada). The main outcome measures were the 
absolute concentrations of glutamate, glutamine, 
gamma-aminobutyric acid (GABA), glutathione, 
glucose, alanine, glycerophosphocholine, and tau-
rine assessed by a  single-voxel proton magnetic 
resonance spectroscopy (MRS) at 1.5 T in the an-
terior and posterior cingulate gyrus, and left pre-
frontal white matter (Figure 1), with point-resolved 
spectroscopy repetition time/echo time 1500/30 
ms. The absolute concentrations of the above me-
tabolites were calculated via Tarquin software to 
prevent inter-subject variability of the denomina-
tor values in metabolite ratios [4]. All participants 
voluntarily signed an informed constent form, and 
the study protocol was approved by the local IRB 
(#46-06-01/2022-HRW2).

Results. The mean glutamate and gluta-
mate-plus-glutamine levels at the posterior cin-
gulate gyrus decreased significantly during the 
study from 8.60 ±1.34 mM to 6.70 ±0.16 mM  
(p = 0.01), and from 9.71 ±1.10 mM to 7.37 ±0.62 
mM (p = 0.01), respectively. This was accompa-
nied by a  significant drop in GABA levels in left 
prefrontal white matter (from 0.95 ±0.99 mM to 
0.29 ±0.43; p = 0.05), and glutathione levels in the 
anterior cingulate gyrus (from 0.65 ±0.23 mM to 
0.32 ±0.23; p < 0.01). Other metabolites were not 
affected by hydrogen intervention (p > 0.05), ex-
cept for a significant rise in brain taurine levels in 
the posterior cingulate gyrus (from 0.58 ±0.50 mM 
to 1.00 ±0.23 mM, p = 0.04). Individual changes in 
glutamate-glutamine-GABA levels are depicted in 
Figure 1. No changes in the brain glutamate-glu-
tamine-GABA cycle were found in the comparable 
group of overweight individuals (historical con-
trols, n = 4, 2 women; age: 41.0 ±13.9 years, BMI: 
26.8 ±1.3 kg/m2) followed up in the past without 
this treatment (p > 0.05).

Discussion. Hydrogen intake induced a notable 
reduction in glutamate-glutamine-GABA concen-
trations across the brain of overweight individuals, 
modulating both excitatory (glutamate) and inhib-
itory (GABA) neurotransmitters in this population. 
This implies a  possible hydrogen-driven upregu-
lation of glutamate-glutamine cycling that might 
attenuate glutamate- and GABA-dependent hypo-
thalamic appetite stimulation, leading to hunger 
suppression and weight loss. Increased brain tau-
rine induced by hydrogen might also contribute 
to appetite regulation via its anorexigenic effects 
[5]. Our study enrolled a  small number of over-
weight participants due to the high cost of proton 
MRS per patient and time-consuming procedures, 
which partially limits the interpretation of our 
findings. In addition, we provided no analyses of 

whether the decrease in metabolites correlated to 
weight or weight change. Finally, no information 
has been provided regarding the long-term effects 
of molecular hydrogen on brain glutamate/GA-
BA-glutamine cycle in the overweight population. 
Nevertheless, our findings corroborate previous 
in vitro research reporting neuroprotective effects 
of hydrogen via glutamate-GABA modulation, in 
which hydrogen-rich water reduced the glutamate 
toxicity-induced death of neurons in a  dose-de-
pendent fashion [6]. Further well-sampled longitu-
dinal studies analysing appetite-controlling met-
abolic pathways affected by molecular hydrogen 
would require monitoring of additional biomark-
ers of satiation and satiety (including food intake 
and body weight change) during different feeding 
regimens.
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