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Letter to Editors

Noradrenergic and serotonergic drugs may have opposing effects on COVID-19 cytokine storm and
associated psychological effects

In previous publications I have suggested that the neurotransmitters
norepinephrine (NE) and serotonin (5HT), which are engaged in a wide
range of physiological processes outside the brain as well, are largely
functionally opposed to one another [1–2]. In addition to its role in
various psychiatric, neurologic, and cardiovascular functions, there is
increasing evidence that NE plays a role in the symptomatology asso-
ciated with serious systemic infections such as influenza, including
activation of cytokine signaling such as IL-6 as well as the manifestation
of psychological effects associated with infection [3].

It has also been suggested that catecholamines, including NE, play a
role in producing the potentially lethal “cytokine storm” associated
with coronavirus disease 2019 (COVID-19) [4]. I suggest here that this
cytokine storm may be counteracted by a range of clinically used drugs
that reduce NE transmission (but that may not act through direct effects
on viral replication or viral entry into cells) [5]: alpha2 agonists such as
clonidine, guanfacine, dexmedetomidine; various beta blockers such as
propranolol, nebivolol, carvedilol, atenolol; and various alpha1 an-
tagonists such as prazosin [4]. Since HDAC inhibitors like valproic acid
and vorinostat may also decrease NE transmission [6], they may also be
therapeutic in COVID-19.

Since 5HT may be functionally opposed to NE, drugs that facilitate
5HT transmission may also dampen the cytokine storm associated with
COVID-19: SSRIs (fluoxetine, citalopram, sertraline, paroxetine, flu-
voxamine; TCA (clomipramine); MAOIs (phenelzine, tranylcypromine);
and the 5HT2C agonist lorcaserin.

There are also theoretical underpinnings supporting functional op-
position between NE and the neurotransmitter acetylcholine [7], where
the latter molecule participates in the cholinergic anti-inflammatory
pathway [8]. In this scenario, clinically available cholinesterase in-
hibitors (pyridostigmine, donepezil, rivastigmine, galantamine, phy-
sostigmine) may also counteract the cytokine storm associated with
COVID-19.

There are already several ongoing clinical trials, in various coun-
tries, testing whether some of the above pharmacological agents reduce
morbidity and mortality accompanying COVID-19. I suggest that all of
the above compounds are promising candidates for additional pro-
spective clinical trials, and they can also be examined immediately
through retrospective epidemiological investigation of the medical re-
cords of individuals who were taking these drugs for various indications
and were hospitalized and had pneumonia or acute respiratory distress,
where their clinical outcomes may be relevant to treating today’s on-
going COVID-19 pandemic [4]. If COVID-19 is accompanied by sys-
temically elevated NE signaling, the various drugs listed above may also

counteract deleterious psychological effects associated with this infec-
tion [3].
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doi.org/10.1016/j.mehy.2020.109985.

References

[1] Fitzgerald PJ, Watson BO. Gamma oscillations as a biomarker for major depression:
an emerging topic. Transl Psychiatry 2018.

[2] Fitzgerald PJ, Watson BO. In vivo electrophysiological recordings of the effects of
antidepressant drugs. Exp Brain Res 2019. https://doi.org/10.1007/s00221-019-
05556-5.

[3] Fitzgerald PJ. Serious infection may systemically increase noradrenergic signaling
and produce psychological effects. Med Hypotheses 2020;139. https://doi.org/10.
1016/j.mehy.2020.109692.

[4] Konig MF, Powell MA, Staedtke V, et al. Preventing cytokine storm syndrome in
COVID-19 using α-1 adrenergic receptor antagonists. J Clin Invest 2020. https://doi.
org/10.1172/JCI139642.

[5] Vasanthakumar N. Can beta-adrenergic blockers be used in the treatment of COVID-
19? Med Hypotheses 2020;142. https://doi.org/10.1016/j.mehy.2020.109809.

[6] More SS, Itsara M, Yang X, et al. Vorinostat increases expression of functional nor-
epinephrine transporter in neuroblastoma in vitro and in vivo model systems. Clin
Cancer Res 2011;17(8):2339–49. https://doi.org/10.1158/1078-0432.CCR-10-2949.

[7] Janowsky DS, Davis JM, El-Yousef MK, Sekerke HJ. A cholinergic-adrenergic hy-
pothesis of mania and depression. Lancet 1972. https://doi.org/10.1016/S0140-
6736(72)93021-8.

[8] Ask TF, Lugo RG, Sütterlin S. The neuro-immuno-senescence integrative model
(NISIM) on the negative association between parasympathetic activity and cellular
senescence. Front Neurosci 2018;12(OCT). https://doi.org/10.3389/fnins.2018.
00726.

Paul J. Fitzgerald
University of Michigan, Department of Psychiatry, Ann Arbor, MI 48109

USA

https://doi.org/10.1016/j.mehy.2020.109985
Received 19 May 2020; Accepted 7 June 2020

Medical Hypotheses 144 (2020) 109985

Available online 09 June 2020
0306-9877/ © 2020 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03069877
https://www.elsevier.com/locate/mehy
https://doi.org/10.1016/j.mehy.2020.109985
https://doi.org/10.1016/j.mehy.2020.109985
https://doi.org/10.1016/j.mehy.2020.109985
http://refhub.elsevier.com/S0306-9877(20)31410-9/h0005
http://refhub.elsevier.com/S0306-9877(20)31410-9/h0005
https://doi.org/10.1007/s00221-019-05556-5
https://doi.org/10.1007/s00221-019-05556-5
https://doi.org/10.1016/j.mehy.2020.109692
https://doi.org/10.1016/j.mehy.2020.109692
https://doi.org/10.1172/JCI139642
https://doi.org/10.1172/JCI139642
https://doi.org/10.1016/j.mehy.2020.109809
https://doi.org/10.1158/1078-0432.CCR-10-2949
https://doi.org/10.1016/S0140-6736(72)93021-8
https://doi.org/10.1016/S0140-6736(72)93021-8
https://doi.org/10.3389/fnins.2018.00726
https://doi.org/10.3389/fnins.2018.00726
https://doi.org/10.1016/j.mehy.2020.109985
https://doi.org/10.1016/j.mehy.2020.109985
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mehy.2020.109985&domain=pdf

