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Neurological, Cognitive, and Behavioral Disorders during
COVID-19: The Nitric Oxide Track

To the Editor: Coronavirus disease 2019 (COVID-19)
exhibits a wide range of clinical signs, especially in older
adults.! Alkeridy et al recently reported an interesting case
of delirium with lower limb sensorimotor disorders in a
73-year-old man with otherwise asymptomatic COVID-
19.! The mechanism proposed by the authors was based on
the invasion of the nervous system by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), the causative
agent of COVID-19, as previously described in a COVID-
19 case with encephalitis.” Although acknowledging the
value of this assumption, we discuss here the likely role of a
third player, namely nitric oxide (NO), to explain the onset
of neurocognitive disorders in patients with COVID-19.
NO, originally known as an endothelium-derived
relaxing factor, is a gaseous membrane-soluble neurotransmit-
ter synthesized endogenously from L-arginine, oxygen, and
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nicotinamide adenine dinucleotide phosphate by various nitric
oxide synthase enzymes.> Studies in experimental animals
have well documented the synthesis of NO in the brain and
its role in a variety of neuronal functions including learning
and memory processes or locomotor activity.?

Although it plays an important role in cell signaling in the
brain, NO was described as an “unconventional” neurotrans-
mitter. Indeed, it is neither stored in synaptic vesicles nor
released upon membrane depolarization; it is directly released
upon synthesis.* Also, NO does not mediate its action by bind-
ing to some membrane-associated receptors, but it diffuses from
neuron to neuron to act on intracellular components.* NO
functions as a neurotransmitter by stimulating soluble guanylyl
cyclase to form a second messenger molecule, cyclic guanosine
monophosphate (cGMP), in target cells. The cyclic nucleotide
c¢GMP relaxes vascular smooth muscles with consequent vaso-
dilation and increased blood flow. Increased intracellular
c¢GMP level was shown to contribute to excessive neuron excit-
ability and locomotor activity.® The decrease in NO concentra-
tions in the brain was consistently found to induce cognitive
and behavioral disorders in various experimental animals.’

On this basis, we propose that some of the neurological
signs in patients with COVID-19 are associated with the
virus-induced decrease in NO levels in the brain. The pro-
duction of NO is tightly linked to the renin-angiotensin sys-
tem (RAS), precisely targeted by SARS-CoV-2’ that was
described to overactivate the RAS by interacting, via its spike
(S) glycoprotein, with the metallopeptidase angiotensin-
converting enzyme 2 (ACE2) receptor,’” expressed at the sur-
face of numerous cell types including cerebral neurons.®

In RAS, angiotensin II, by acting on the vasoconstrictor
type 1 angiotensin II receptor (AT{R), reportedly diminishes
the production of NO,” leading to an expected decrease in
NO concentrations in the brain during COVID-19, which
needs to be compensated to prevent neurological cognitive
and behavioral disorders. Because NO is basically too reac-
tive (with a very short half-life of 5 seconds) to constitute
an appropriate therapeutic target, a strategy would be to
counterbalance RAS overactivation and thus maintain the
appropriate NO levels in the nervous system. Interestingly,
previous work to increase NO concentrations in the brain
with specific agents known to elevate NO production was
found to improve memory in experimental animals.’

In human COVID-19, proposed chemotherapeutic
drugs to limit/counterbalance the overactivation of RAS
could be ACE inhibitors (to prevent the production of
angiotensin II from angiotensin I), blockers/antagonists of
AT4R such as losartan and derivatives, and also some natu-
ral candidate peptide drugs that belong to the so-called
counterregulatory RAS (i.e., angiotensin 1-7, angiotensin
1-9, alamandine, angiotensin A, and/or angiotensin IV).'°
All these molecules are expected to counteract the SARS-
CoV-2-induced overactivation of RAS, to maintain NO
production, and to reverse, to some extent, the associated
neurological cognitive and behavioral disorders in
COVID-19.
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Reply to: Neurological, Cognitive and Behavioral Disorders
During COVID-19: The Nitric Oxide Track

To the Editor: We read with great interest the letter of
Annweiler et al." They propose an intriguing mechanism
for cognitive impairment related to coronavirus disease 2019
(COVID-19). We would like to clarify a couple of points
related to our case. First, although we wanted to exclude
COVID-19 encephalitis as a possibility, this was not possi-
ble without cerebrospinal fluid analysis and magnetic reso-
nance imaging, which was refused by our patient. Our
patient fulfilled the Confusion Assessment Method criteria
for delirium on admission, which was our working diagno-
sis.” In fact, the rapid improvement in his cognitive function
might argue against COVID-19 encephalitis. Second, our
patient’s usual medication included lisinopril, an
angiotensin-converting enzyme 2 inhibitor, for treatment of
hypertension in the context of diabetes mellitus, type
II. Possibly, the mechanism proposed by Annweiler et al'
pertaining to the nitric oxide track could explain the rapid
improvement in our patient’s cognition following just a
brief period of supportive management.

It is important to emphasize that delirium is a heteroge-
neous entity caused by multiple causative factors and com-
plex underlying pathogenesis.>” In fact, nitric oxide has
long been implicated in the pathogenesis of delirium and
cognitive impairment.®” Whether the nitric oxide track will
prove to have a central role in the acute manifestations of
COVID-19-related cognitive impairment remains to be seen.
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) infection could activate multiple downstream molecular path-
ways affecting each individual distinctly.” We propose that the
underlying mechanism of COVID-19 central nervous system
manifestation or delirium depends on the interaction between
SARS-CoV-2 activated molecular pathways and the individual
related factors, including age, COVID-19 severity, individual’s
underlying genetic susceptibility, vascular risk factors,
premorbid cognitive function, use of certain medication, and
comorbidities.

Several other mechanisms have been linked to COVID-
19 neurological and cognitive manifestations.®> However,
the retrospective design of the study by Mao et al limits our
ability to infer the causal mechanism of cognitive decline in
COVID-19 patients.® We propose possible mechanisms of
COVID-19-related cognitive dysfunction (Table 1), which
could help researchers in studying the specific pathways
associated with each possible mechanism. Finally, the core
message of our study is for clinicians to proactively screen
for delirium in hospitalized older adults.'® Once delirium is
identified, a comprehensive individualized assessment should
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