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Are “Sartans” the
CommonTreatmentforCOVI
D-19andParkinson’sDisease?

Abstract

COVID-19diseaseiscausedbytheSARS-CoV-
2virusthat,afteroriginatinginWuhan,China,spreadrapidlythroughoutth
eworld.Asthis pathogen enters host cells through the angiotensin
convertingenzyme2protein,angiotensinllhydrolysismaybeimpaired,c
ontributing to COVID-19 pathology. Indeed, angiotensin Il
serumlevels have been positively corelated with both the SARS-
CoV-2viralloadandtheseverityoflunginjuries.Moreover,angiotensinl!
binding to its type 1 receptors has been associated with
hostimmune dysfunction and the subsequent COVID-19 critical
illness.On the other hand, disruption of this signaling pathway in the
brainsubstantia nigra has been associated with Parkinson’s
disease,suggestingthatSARS-CoV-
2infectionmays hareacommonpathophysiologywithmovementdisord
ers.TheconnectionbetweenCOVID-19 and Parkinson's disease is
further supported by the factthat antiviral natural killer cells and
cytotoxic T cells express bothrenin-angiotensin and dopamine
systems that the virus can exploitforimmuneevasion.

In this perspective article, we look at angiotens in Il
receptorblockers, “sartans”, alone or in combination with angiotens
in (1-7)agonists, as potential treatment modalities for both COVID-
19 andParkinson'sdisease.
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Introduction
COVID-19 pandemic is caused by the SARS-CoV-2 virus

thatoriginated in China and spread-rapidly around the globe,
infecting, atthe time of this writing, over 3 million people and
causing more than300,000 ffatalities. Tt-is believed that 40-50% of
COVID-19
patientspresentwithneuropsychiatriesymptoms,includingstrokes,cogn
itive

dysfunction,depression,psychosisanddelirium,suggestingthatSARS-
CoV-2maybeaneurotropicvirus[1-4].Although,Parkinson’sdisease

(PD) or secondary parkinsonism have not been described
inassociation with COVID-19, movement disorders have
accompaniedpriorpandemics, suggestingthatthey could follow[5,6].

SARS-CoV-

[1-7].This may lead to the unopposedaccumulation of ANG. Il and
COVID-19 pathology. Indeed, severalstudieshaveassociated
ANGlIserumlevelswithSARS-CoV-2viral load, and the"severity of
lung injuries [7-9]. In addition,
ANGllactivationofitstypelreceptors(AT-
1Rs)wasfoundtofacilitateviralinfection by disabling mitochondria-
mediated immunity [10-12].

Aside from the traditional. or. circulating renin-angiotensin
system(RAS),thebrainandimmunecellsexpressalocalR AS,essentialfor
the integrity of  antiviral defense and the substantia nigra
(SN)dopaminergicneurons[13].RAShomeostasisismaintainedbybalan
cing its two‘opposing branches, the vertical, with ANG 11 as itsmain
representative, and the horizontal, comprised of angiotens in[1-7],
alamandine “and their receptors [14]. Together  these
pathwaysregulate the production of reactive oxygen species (ROS)
and
nitricoxide(NO),limitingthegenerationoftoxicperoxynitrite[15]. When
SARS-CoV-2 binds ACE-2, the horizontal RAS branch maybe
disabled; and the vertical enhanced, theoretically predisposing toboth
COVID-19 and parkinsonism  (Figure 1). Indeed, the
verticalbranchinhibitorsorangiotensinreceptorblockers(ARBs)werefo
undbeneficial in PD animal models and are currently in clinical trials
forCOVID-19,suggestingtherapeuticpropertiesforbothconditions[16-
21](NCT04335123)(NCT04312009)(NCT04311177).According
tothismodel, ARBscombinedwithhorizontalR ASagonistsmaycomplet

infectious and neuropsychiatric consequencesof this virus.
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NumerousstudieshaveconnectedCOV ID-19pandemicwithRAS
and its component, ACE-2. As SARS-CoV-2 virus accesseshost
tissues via ACE-2 protein, it likely impairs ANG I
hydrolysis, leadingtotheunopposedaccumulationofthispeptide. Inadditi
on,asRASandACE-2arealsoexpressedbythehostimmunecells,viral
binding may disrupt immunity, predisposing to the COVID-
19.Moreover,immunecells,includingNKcells,alsoexpressadopamines
ystem (DAS) which interacts with RAS at the mitochondrial
level,regulating antiviral responses [22,23]. Indeed, several earlier
studieshave shown that ANGII activation of its type 1 receptors
(AT-1Rs)disrupts mitochondrial antiviral signaling (MAVS) proteins
and thegeneration of type | interferon [10,12]. This is further
supported bythe studies that found a direct relationship between
ANG Il serumlevels, SARS-CoV-2 viral load and the severity of
lung injuries,linking this illness to mitochondria-mediated immunity
[7-9].
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Figurel:Theverticalandhorizontal RASbranchesmaintainredoxhomeostasishy
regulating the generation of ROS and NO. ACE-2/SARS-CoV-2
bindingdisablesthehorizontalbranch,disruptingtheREDOXhomeostasiswithresul
tantNO depletion and upregulation of ROS and peroxynitrate. Since a local
RAS isoperational in immune cells and SN, the homeostasis of antiviral
immunity andthe dopaminergic neurons is impaired. ARBs block the vertical
RAS pathway(although they do not affect the virus-blocked horizontal branch),
rebalancingthe system. Combining ARBs with ANG [1-7] agonists would
likely reverseSARS-CoV-2actions betterthanARBsalone.

Asidefromregulatingthearterialbloodpressure, RASisessentialforN
Ohomeostasis,peroxynitritedownregulationandloweringthe oxidative
and nitrosative stress [24]. Indeed, novel data haveindicated that,
contrary to prior beliefs, NO is a potent
antioxidant,neuroprotectorandinhibitorofSARS-CoV-
2replication[25].However inthepresenceofexcessiveoxidation,NOen
gendersperoxynitrite,atoxinthatpromoteshothviralinfectionandSNda
mage[24,26,27].Indeed, SARS-CoV-
2virusmayfacilitateitsownreplication by generating excessive
peroxynitritt and ROS as‘well asby. depleting NO [28,29]. As a
result of these findings, not only hasthe US Food and Drug
Administration  (FDA) ‘expanded.-the use 0ofNOINCOVID-

19butiscurrentlyevaluatingitforitsoverallantiviralproperties [30]
(NCT04388683).
Asidefromtheimmunecells, RASandACE-2are

alsoexpressedbytheSNdepaminergicneurons,thereforemovementdiso
rderscouldfollow SARS-CoV-2 infection [13]. Indeed, dysfunctional
ANG II/AT=1R signaling in SN was reported in PD animal models,
revealingthe RAS and DAS interconnectedness in this disorder [31].
Alongtheselines, recentstudieshavefoundthatexcessiveSNperoxynitrit
eimpairsdopamine(DA)synthesis, likelycontributingtoparkinsonism[3
2-34]. Others have demonstrated a direct relationship between
theserum peroxynitritt  level and scoring on the unified
Parkinson’sdisease rating scale (UPDRS), linking this disorder to
RAS and DASdysregulation [35,36].

RAS is comprised of two opposing pathways joined by the
ANGII/ACE-2 interaction. The vertical branch, consisting of ANG
1/AT-

1Rssignaling,generatesROSwhich,asidefrominducingoxidative
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stress, play a major signaling role [37]. The horizontal RAS
branch,represented by ANG [1-7], alamandine and their respective
receptorsMasR and MrgD, generates NO, optimizing antiviral
immunity andthe homeostasis of SN dopaminergic neurons [38,39].
When SARS-CoV-2bindsACE-
2,thesignalingintheverticalRASbranchmaybeenhanced,whilethehori
zontalinhibited, favoringbothviralinfectionand movement disorders
(Figure 1).

upregulating the vertical RAS and inhibiting the protective
horizontalbranch. This results in increased oxidative and nitrosative
stress,peroxynitriteupregulationandlowerNO, predisposingtoCOV I
D-19andsecondaryparkinsonism [28].

Covid-19andCellularSenescence

Novel studies have connected the excessive activation of
verticalR ASbranchwithp21-
mediatedcellularsenescenceinseveraltissues, including the brain,
endothelia and immunity [40-42]. This
issignificantasarecentstudyreportedthatdopaminergicneuronsinPDm
ay not undergo apoptosis, as previously believed, but p21-
inducedcellularsenescence[43,44]. Assenescencemaybepotentiallyre
versible, this is good news for patients with PD providing a
safemodality for p21 inhibition.

Manystudieshavereportedthatvirusesreplicatemoreeffective lyin
senescent cells and can induce this phenotype in host tissues [45-
47]. For example, the H7N9 influenza virus triggers endothelial
cellsenescencetodisrupttheblood-
brainbarrier(BBB)andenterthebrain[48].Otherexamplesofvirus-

inducedcellularsenescenceincludethehuman immunodeficiency
virus (HIV) and cytomegalovirus (CMV)that thrive by promoting
host immune senescence [49]. To

inducesenescenceandactivatep21,virusesoftenattackmitochondria,re
leasing excessive ROS and mitochondrial DNA . (mtDNA)
[50].Interestingly, PD was associated with abnormal “immune
aging”,involvingN KcellsandCD4lymphocytes, linkingsenescencetot
he pathogenesis of this movement disorder  [51-53]. Along
theselines, a recent study has found that COVID-19 patients age
and dieprematurely, losing on average a:decade in years of life lost
(YLL),linking this virus to aging [54]. Moreover, since COVID-19
appearsto target older individuals, this pathogen may promote
prematuresenescence in addition to_accelerating the normal aging
process [55].Taken together, this data-is in line with prior findings,
linking  virus-inducedsenescenceto  neurodegenerativedisorders
[45,56,57].

AFreshLookatViralParkinsonism

Viralparkinsonismisatopiccloselyrelatedtocellularsenescenceasvi
rusesweredemonstratedtoinducethisphenotypeinmanycelltypes,inclu
dingtheneuronsandlymphocytes,promotingneurodegeneration[58].P
rimaryPDisaprogressiveneurodegenerativedisordermarkedbymotora
ndnoenmotorsymptoms,causedbyanimpairmentofSNdopaminergicne
urons[59].SecondaryparkinsonismorPD-like symptoms can be
induced by“humerous agents, including viralinfections along with
the oxidative or nitrosative stress triggered bythese pathogens [60-
62].

Many viruses, probably including SARS-CoV-2, are
neurotropicandcapable of inducing SN damage.Indeed, around half
of COVID-
19patients,werefoundtoexperienceDAS-
relatedsymptoms,includinginattention,depression,psychosisanddeliriu
m[1-4].Similar
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neuropsychiatric manifestations were described following the
1918influenzapandemicthatmayhavecausedencephalitislethargica(E
L), a condition marked by various central nervous system
(CNS)symptoms,includingmovementdisorders[63-
65].Contemporarycases of virus induced EL have been accompanied
by secondaryparkinsonism, linking viruses to DAS disruption [64].
Interestingly,viruses were demonstrated to lower immune responses
by
alteringhostDAlevelswhichinreturnmayinduceparkinsonism[23,66].F
orexample, Japanese encephalitis virus (JEV) was shown to enter
hostcellsviaDAreceptorsandtargetSN,resultinginmovementdisorders[
67]. Another example is HIV which lowers host immune
responsesbydownregulatinghumandopaminetransporters(hDATS),an
actionthat often triggers parkinsonism [68,69]. The link between DA
andimmunity is further substantiated by the fact that PD patients
treatedwith L-DOPA or DA agonists frequently develop immune
adverseeffects[70,71]. Interestingly,peroxynitratewasfoundtoinhibith
DAT, suggesting that SARS-CoV-2-upregulation of this toxin
maysuppress immunity [72,73]. Indeed, as low hDAT levels
characterizePD, COVID-19 peroxynitrite upregulation may lower
these
proteinsfurther,exacerbatingSNdamage[74].Ontheotherhand,DAbloc
kers,includingchlorpromazine,havebeendemonstratedtoaugment host
antiviral immunity and were proposed as COVID-19treatments[75-
77)(NCT04366739).Asaresultofthesefindings,we  speculate  that
patients taking antipsychotic medications
besomewhatprotectedagainstSARS-CoV-2infectionassuggestedby
the emerging research on forensic inpatients (unpublished
data).Additionally, methamphetamine(M ETH)usedisorderhasbeenass
ociated with both PD and impaired immunity, linking.this drug
toCOVID-19vulnerability (see the nextsection).

Are NK Cells the Missing Link between COVID-19 and
PD?NKcellsareinnateimmunelymphocytesthatplayamajorroleincleari
ngmalignant,virus-infectedandsenescentcells,preventingtheir
accumulation and disease progression [78]. These
lymphocytes,expressingbothRASandDAS;maintaintheintegrityofboth
antiviralimmunityandtheSNdopaminergicneurons[22,40,78,79]. Latel
y,NKcellshavebeenunderintenseserutinybytheresearchcommunityast
heir dysfunction was associated with viralinfections, cancer and
PD[80].Indeed, itwasrecentlyreportedthat,undernormalcircumstances,
NKcellslowertheprogressionofPDbyclearingo-
synuclein[81].Othershavereportedaninverserelationshipbetweena-
synucleinandhDATsinNKcellsandSN,emphasizingtheroleofthesetran
sportersinantiviralimmunityandtheSNintegrity[82]. AshDAT sregulatet
heextraandintracellularDAlevels, viralexploitationoftheseproteinsmay
lowerimmuneresponsesandpredisposetoPD. Indeed,ashumanNKcellse
xpresshigherlevelsofDAreceptorscomparedtootherimmunecells,theya
remoresuseeptibletoviralmanipulation[23].Indeed,earlierstudieshaver
eportedthatupregulatedD AinhibitsN Kcellfunctionviatheimmunechec
kpoint,NKG2A[79].ArecentstudyfoundthatSARS-CoV-
2candisruptNKcellsDASbyupregulatingN KG2A[83].Forthisreason,a
ctiveNKecellsarecurrentlyinclinicaltrialsforCOVID-
19(NCT04324996)(NCT04375176).Furthermore,asundernormalcirc
umstances, NKcellsalsofunctiontoeliminatesenescentcells,theymaydir
ectlylinkP Dtop21-
inducedcellularsenescence[10,43].Indeed, ithasheenreportedthatsenes
centcellsoverexpressingNKG2AimmunecheckpointareresistanttoN K
cellselimination, associating once more viruses with senescence
[83,84]. TheNKcellsRASandDASandtheirlinktoantiviralimmunityand
PDisfurthersupportedbymethamphetamine(M ETH)studies.

may

Severalreportshavebeenpublished, linkingchronicM ETHexposureto
lower NK cells number and function, suggesting that users maybeat
higher risk of both PD and COVID-19 illness [85-89].
Indeed, METH-

upregulatedperoxinitrittandhD ATdownregulationwerereported  to
exacerbate movement disorders [87,88]. Interestingly,like COVID-
19, METH was demonstrated to augment ANG II/AT-1R signaling,
linking DA to vertical RAS activation [90].
Moreover,preclinicalstudieshavereportedthatcandesartantreatmentde
creasesMETHSself-
administration,linkingR ASandD ASandindicatingthatthiSAR Bmaybet
hedrugofchoiceforCOVID-19METHusers[91]., ‘Furthermore, aside
from directly inhibiting hDAT, METH maypromote PD indirectly
by disrupting the function of NK cells leadingto o-synuclein
accumulation [92-95].

SeveralstudieshaveconnectedM ETHwithmitochondrialdisruption
andsusceptibilitytoCOV ID-19,suggestingoncemorethecentrality  of
these organelles in antiviral immunity [96-98].
Indeed,undernormalcir¢gumstances,viralRN Aactivatesmitochondrial
MAVS(viaRIG-
1),inducingthesynthesisoftypetypelinterferontoeliminate the virus
(Figure 2) [99]. With the same token, a-Synucleinaccumulation may

predispose to COVID-19 by impairing NK cells[100].
Viral RNA a-synuclein a-synuclein
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Figure2:NaturalkillercellsplayacrucialroleinbothCOVID-19(byeliminating
virus-infected cells) and PD (by clearing a-synuclein). Since theselymphocytes
express both RAS and DAS their disruption alters
mitochondrialfunction,impairingantiviralimmunity. Underphysiologicalcircumst
ances,SARS-CoV-2RNA activatesmitochondria MAVS(viaR1G-
1),promotingthe synthesis of type 1 interferon (not shown). The unopposed
activation of thevertical RAS branch induces mitochondrial damage via ANG
11. This action isinhibited by ARBs. DAS overactivation by viruses, including
JAV and possiblySARS-CoV-
2,disruptsthemitochondrion. Thisactionisblockedby DAblockers,suchas
chlarnromazine

Taken together, this data suggests that ARBs may benefit
bothCOVID-19 and PD patients as these agents may augment
immunityand protect SN. Moreover, adding ANG [1-7] agonists
may optimizethe antiviral and PD treatment by reactivating the
horizontal RASbranch.
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Conclusion

SevereillnessandneuropsychiatricmanifestationsassociatedwithC
OVID-19 may have a common denominator: Over activation of
thevertical RAS branch and blocking the horizontal. Excess
generationof ANGIlandperoxynitrite likelydisruptstheRASandDASin
bothNKcellsandSN,damagingantiviralimmunityandthedopaminergic
neurons.

This model predicts both, that movement sequelae may
followCOVID-19 and that “sartans”, alone or in combination with
ANG [1-7] agonists, could be therapeutic for both.
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