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In recent years, there has been substantial interest in the role of gut microbiota in the
development of cardiovascular disease. Using metabolomic techniques, Trimethylamine-N-
oxide (TMAQ), was identified as one of the few microbiome-derived metabolites whose
levels showed a strong correlation with increased risk of cardiovascular disease. 2 Choline-
rich nutrients can be found in an omnivorous diets, particularly those rich in red meat.
TMAO is formed from bacterial metabolism of choline via an intermediate, trimethylamine
(TMA). TMA reaches the liver through portal circulation and undergoes hepatic oxidation
through flavin monooxygenase 3 (FM03).2 Mammals do not have the necessary enzyme,
but gut microbes have TMA lyases, which can release the TMA from C-N bond of these
nutrients and eventually generate TMAO.! Interestingly, in mice, suppression of the
intestinal microbiota blunted the formation of TMA from choline-rich diets, and prevented
atherosclerosis.*

The effect of TMAO has been associated with vascular phenotypes of aging including
endothelial dysfunction and vascular stiffness. TMAQO, infused at a physiological level,
promotes vascular inflammation through the activation of nuclear factor-kB (NF-kB)
signaling in human aortic endothelial and smooth muscle cells.> These changes beget the
development of age-associated endothelial dysfunction.

Age-related changes in the gut microbiota occur progressively with time. The alpha-diversity
of older individuals differs from those of young ones. Studies in community-dwelling older
subjects show an increased occurrence of the microbial species known as Prevotella
enterotype;® this particular genus has been associated with high plasma TMAO levels in
humans.*

Brunt et al.” previously found that antibiotic treatment reversed endothelial dysfunction and
enhanced nitric oxide availability in old mice through suppression of the gut microbiome. In
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this issue of the journal, Brunt et. al.8 adopted a different approach. Instead of using
antibiotics to suppress gut microbiota which can produce off-target effects by altering the
relative proportions of multiple genera; the authors supplemented TMAQ in the diet of
young mice and studied its impact on vascular oxidative stress and endothelial function.
Interestingly, after TMAO supplementation, mice developed endothelial dysfunction as
measured by decreased carotid artery endothelium-dependent vasodilation in response to
acetylcholine.

The most important contribution of the present manuscript was the successful translation of
their findings to humans. First, they reported high TMAQO levels in the older study
individuals. Second, they showed that brachial artery-flow mediated dilation was inversely
correlated with TMAO levels supporting a relationship in humans. Finally, in harvested
endothelial cells from old subjects with high TMAO, the authors reported elevated
nitrotyrosine levels, a biomarker of vascular oxidative stress, figure. The suppression of
oxidative stress via Tempol in mice or ascorbic acid in humans, restored endothelial function
providing evidence that reactive oxygen species and subsequent vascular oxidative stress
were the culprits; interestingly, the endothelial damage induced by these factors was
reversible.

Although the findings presented in this issue of the journal 8 supported an important role of
TMAO in the development of age-associated endothelial dysfunction, further studies are
needed to determine the mechanisms by which TMAO induces oxidative stress in the
vasculature. TMAO does not appear to alter the most important pathways that contributes to
vascular oxidation and eNOS uncoupling. In mice, TMAQ supplementation did not affect
activation of NFkB signaling, which was previously described,® and does not appear to
activate NADPH oxidases, which are major source of superoxide in the majority of
experimental models of vascular endothelial dysfunction.® 10 It remains unknown if the
increased TMAQ observed in the healthy old population was associated with specific
changes in the proportion of species in the gut microbiota known to contribute to TMAO
formation.

Interestingly, individuals on a vegan or vegetarian diet are known to have altered gut
microbiota composition, which explains in part the decreased ability to produce TMAO even
on a L-carnitine challenge (red meat).# A pilot study, however, reported that fecal microbiota
transplantation from a single lean vegan donor to obese subjects who effectively changed
their gut microbiota, failed to elicit changes in TMAQ production, and did not affect any
parameters related to vascular inflammation.1!

In conclusion, the paper by Brunt et al. advance the evidence of the role of TMAQ in age-
induced endothelial dysfunction, TMAQ supplementation accelerates the aging of the
vascular endothelium by inducing vascular oxidative stress. Future studies should evaluate if
dietary restrictions that decrease the availability of choline-related nutrients such as meat,
egg yolk, or liver improve endothelial function by reducing TMAO levels in older
individuals.
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Figure. Schematic representation of the different phasesinvolved in the production of
Trimethylamine-N-oxide (TMAQ) and its effect on age-related endothelial dysfunction.

Red meat, liver, and eggs are rich in choline and carnitine. After ingestion, the gut
microbiota uses these nutrients as carbo fuels, releasing TMA into the portal circulation.
TMA is then converted into TMAQ by flavin-containing monooxygenases (FOMs) in the
liver. Aging associates with gut microbiota dysbiosis that alter the distribution of TMA
producing species.

In this issue of the journal, Brunt et al. provided evidence that circulating TMAO is elevated
in older adult and is associated with vascular oxidative stress and endothelial dysfunction.
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