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Hypothesis
The outbreak of coronavirus (COVID‑19) infections is a 
public health emergency during the years 2109–2020 and 
cause international concern. Coronaviruses are a group of 
viruses that cause diseases in mammals and birds.[1,2] In 
humans, coronaviruses cause respiratory tract infections that 
are typically mild, such as the common cold, though rarer 
forms such as SARS (severe acute respiratory syndrome), 
Middle East respiratory syndrome coronavirus (MERS) 
and COVID‑19 (coronavirus disease‑19) can be lethal.[1,2] 
Symptoms vary in humans: but according to current data, 
they cause upper respiratory tract diseases and between 
2 and 3% of infected persons will die in high‑risk. Also, 
there is no enough information about long‑term sequels 
of infection by the family of the mentioned virus in the 
infected person. But some indirect evidence suggested that 
which infection caused by coronavirus family can lead to 
neurological and mental sequels, but it is not proven yet.[2‑4] 
Based on the recent data released, angiotensin‑converting 
enzyme 2 (ACE2) can act as functional and host receptor 
for coronaviruses, especially COVID‑19,[5,6] and it seems 
that some parts of sequels of this virus in respiratory and 
probably cardiovascular system was mediated via inhibition 
of ACE‑2, but this was not exactly clarified.[6] On the 
other way, it was suggested that ACE‑2 is one of the 
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main enzymes, which by the mediation of some important 
protein such as Mas protein, regulates normal brain 
function and release of neurotrophic factors such as 
brain‑derived neurotrophic factor (BDNF)[7,8] BDNF has a 
critical role in neurodevelopment, neurogenesis, inhibition 
of occurrences of neurodegeneration, and normal mood 
behavior such as mood stability and cognitive function.[9] 
According to this concept, it was approved that decrease 
activity of ACE‑2 or reduction of its expression by 
some natural and acquired accident can disturb normal 
neurological and mental activity and can remain long term 
sequels.[8,10,11] Taken together according to recent studies, it 
was suggested that ACE‑2 can be a target for COVID‑19 in 
a strategic organ such as the brain and based on these data, 
it can be assumed that infection by COVID‑19 may cause 
inhibition of ACE‑2 and its downstream, BDNF, thus, it can 
instigate neurodegeneration (increase of oxidative stress, 
neuroinflammation, and apoptosis) and can probably cause 
mentally related disorders such as anxiety, depression, and 
cognition impairment. Although this claim is a hypothesis 
and effect of COVID‑19 infection should be evaluated in 
an infected person [Figure 1].
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Figure 1: Angiotensin‑converting enzyme 2 (ACE2) causes the production of angiotensin (1‑7) Ang‑(1‑7) from angiotensin‑2 (AngII). Ang (1‑7) causes the 
production of Mas protein, which leads to the formation of brain‑derived neurotrophic factor (BDNF), as the main protein in neurogenesis, and inhibits 
occurrences of oxidative stress, inflammation and apoptosis and also cause modulation of the mood‑related disorder. Ang (1‑7) causes activation of 
AT2R, which is angiotensin receptor type‑2. Activation of AT2R plays a critical role in the management of the normal function of brain vascular endothelial. 
According to some indirect evidence, it seems the infection by the COVID‑19 virus can cause distributing ACE‑2/Mas/BDNF signaling pathway and can have 
unknown neurological and mental sequels. eNOS: Endothelial‑derived nitric oxide syntheses; NO: Nitric oxide; MDA: Malondialdehyde; SOD: Superoxide 
dismutase; GPx: Glutathione peroxidase; GR: Glutathione reductase; TNF‑α: Tumor necrosis factor‑alpha; IL‑1β: Interleukin 1‑β

[Downloaded free from http://www.ijpvmjournal.net on Wednesday, July 29, 2020, IP: 176.102.246.191]



International Journal of Preventive Medicine 2020, 11: 842

Letter to Editor

Conflicts of interest

There are no conflicts of interest.

Majid Motaghinejad, Mina Gholami1

Razi Drug Research Center, Iran University of Medical Sciences, Tehran, 
Iran, 1Department of Medicinal Chemistry, Faculty of Pharmacy, Tehran 

University of Medical Sciences, Tehran, Iran

Address for correspondence:  
Dr. Majid Motaghinejad, 

Razi Drug Research Center, Iran University of Medical Sciences,  
Tehran, Iran. 

Sheykhfazloolah Highway Iran University of Medical Sciences,  
P.O. Box: 14496‑14525, Tehran, Iran.  
E‑mail: Motaghinezhad.m@iums.ac.ir

Received: 07 Mar 20 Accepted: 05 Apr 20
Published: 09 Jul 20

References
1. Chen H, Guo J, Wang C, Luo F, Yu X, Zhang W, et al. Clinical 

characteristics and intrauterine vertical transmission potential of 
COVID‑19 infection in nine pregnant women: A retrospective 
review of medical records. Lancet 2020;395:809‑15.

2. Velavan TP, Meyer CG. The COVID‑19 epidemic. Trop Med Int 
Health 2020;25:278‑80.

3. Heymann DL, Shindo N; WHO scientific and technical advisory 
group for infectious hazards. COVID‑19: What is next for public 
health? Lancet 2020;395:542‑5.

4. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. 
Pathological findings of COVID‑19 associated with acute 
respiratory distress syndrome. Lancet Respir Med 2020;8:420‑2.

5. Kuhn JH, Radoshitzky SR, LiW, Wong SK, Choe H, Farzan M. 
The SARS Coronavirus receptor ACE 2 A potential target 
for antiviral therapy.  New Concepts of Antiviral Therapy 
2006:397‑418.

6. Cao Y, Li L, Feng Z, Wan S, Huang P, Sun X, et al. Comparative 
genetic analysis of the novel coronavirus (2019‑nCoV/
SARS‑CoV‑2) receptor ACE2 in different populations. Cell 
Discov 2020;6:11.

7. Zheng JL, Li GZ, Chen SZ, Wang JJ, Olson JE, Xia HJ, et al. 

Angiotensin converting enzyme 2/Ang‑(1‑7)/mas axis protects 
brain from ischemic injury with a tendency of age‑dependence. 
CNS Neurosci Ther 2014;20:452‑9.

8. Hooper N, Turner A. Protein Processing Mechanisms: From 
Angiotensin‑Converting Enzyme to Alzheimer’s Disease. 
Portland, Oregon, USA: Portland Press Ltd; 2000. 

9. Motaghinejad M, Motevalian M, Falak R, Heidari M, 
Sharzad M, Kalantari E. Neuroprotective effects of various doses 
of topiramate against methylphenidate‑induced oxidative stress 
and inflammation in isolated rat amygdala: The possible role 
of CREB/BDNF signaling pathway. J Neural Transm (Vienna) 
2016;123:1463‑77.

10. Wang L, de Kloet AD, Pati D, Hiller H, Smith JA, Pioquinto DJ, 
et al. Increasing brain angiotensin converting enzyme 2 activity 
decreases anxiety‑like behavior in male mice by activating 
central Mas receptors. Neuropharmacology 2016;105:114‑23.

11. Xia H, Lazartigues E. Angiotensin‑converting enzyme 2 in 
the brain: Properties and future directions. J Neurochem 
2008;107:1482‑94.

How to cite this article: Motaghinejad M, Gholami M. Possible 
neurological and mental outcomes of COVID‑19 infect ion: 
A hypothetical role of ACE‑2\Mas\BDNF signaling pathway. Int J 
Prev Med 2020;11:84.

© 2020 International Journal of Preventive Medicine | Published by Wolters Kluwer ‑ Medknow

This is an open access journal, and articles are distributed under the terms of the 
Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows 
others to remix, tweak, and build upon the work non‑commercially, as long as 
appropriate credit is given and the new creations are licensed under the identical 
terms.

Access this article online

Quick Response Code: Website:

www.ijpvmjournal.net/www.ijpm.ir

DOI:

10.4103/ijpvm.IJPVM_114_20

[Downloaded free from http://www.ijpvmjournal.net on Wednesday, July 29, 2020, IP: 176.102.246.191]


