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Abstract

The sequence similarities the between SARS-CoV-2 and SARS-CoV, indicates that
SARS-CoV-2 utilizes ACE-2 as a cellular entry receptor. SARS-CoV-2 could utilize
ACE-2 from humans. ACE inhibitors are designed to prevent the conversion of
angiotensin | to angiotensin I, and ACE2 further converts angiotensin 2 to angiotensin
1-7, acting as a counterbalance for the proinflammatory angiotensin 2. When the virus
occupies all the ACE2 receptors on host cells, there is more angiotensin 2 free-flowing
in the system to activate the RAS pathway, which leads to Covid-19 complications . If
the conversion of angiotensin 1 to angiotensin 2 is blocked by ACE inhibitors, the
Covid-19 complications will be prevented. Considering this point, the Enalpril drug
used as antihypertensive was hypothesized to act as repurposing drug in the treatment
of SARS-CoV-2.
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Hypothesis
1. Enalpril : Historical re-purposing and pleiotropy

Enalapril is used to treat the patients suffering from hypertension, symptomatic heart
failure, and asymptomatic left ventricular dysfunction [1]. It also helps to protect the
kidneys function in hypertension, heart failure, and diabetes, and may be used in the
absence of hypertension for its kidney protective effects [3]. It is mostly used in chronic
kidney failure [2]. Enalapril is an emerging treatment for psychogenic polydipsia. It
was observed in a double-blind, placebo-controlled trial that when used, enalapril
decreased consumption of water (determined by urine output and osmolality) in 60%
of patients [4]. The many Pleiotropic effects of enalpril and its wide spread utility in
medicine made us to explore its utility in the treatment of Covid 19.

2. ACE and Enalpril Mechanism of action

Angiotensin-1 converting enzyme (ACE), also called peptidyldipeptidase A, mainly
belongs to the type-1 membrane-anchored dipeptidylcarboxypeptidase family and it is
involved in controlling of blood pressure through renin angiotensin system by
regulating electrolyte homeostasis [5]. ACE is a zinc metallopeptidase, has a little
sequence homology with the remaining members in the peptide family [5]. Human
ACE has main two functional domains (N and C), each of which has active site with
zinc ion binding site [6]. Both domains have differences in their substrate specificities,
physiological forms, and inhibitors [7]. The N and C domains catalyze the hydrolysis
of substrates with similar efficiencies. Inhibition of the N domain of ACE has no impact
on blood pressure regulation [7,8]. C domain targeting was found to be more sufficient
for controlling blood pressure, and all inhibitors target this site. The important catalytic
component of ACE is Zinc [5,9,10].

ACE, or kininase Il, causes cleavage of the C-terminal dipeptide from Ang | and
bradykinin that lack a penultimate proline residue. ACE is strategically poised to
regulate the balance between the Renin Angiotensin Aldosterone system (RAS) and the
kallikrein-kinin system. The RAS plays a major role in the blood pressure regulation.
Reduction in sodium delivery at the macula densa, decreased renal perfusion pressure,
and sympathetic activation all stimulate secretion of renin by the juxtaglomerular cell,
the major source of renin in the circulating RAS [11,12,13]. Renin cleaves the inactive
decapeptide Ang | from the prohormone angiotensinogen, a noninhibiting member of
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the serpin superfamily of serine protease inhibitors [14]. Ang Il is
then cleaved from Ang | by the action of ACE [15]. Ang Il is a
potent vasoconstrictor, acting directly on vascular smooth muscle
cells [16]. Ang Il causes volume expansion through sodium
retention (via Aldosterone [17] and renal vasoconstriction) and
fluid retention (via antidiuretic hormone).[18] At the cellular
level, Ang Il promotes migration, proliferation, and
hypertrophy.[19-23] Most of these effects of Ang Il appear to be
mediated through the AT1 receptor, although recent studies are
defining roles for the AT2 and AT4 subtype receptors. As
mentioned earlier, in addition [24] to catalyzing the formation of
Ang Il, ACE (or kininase Il) catalyzes the degradation of
bradykinin.

Enalaprilat, the active metabolite of enalapril, inhibits ACE.
Inhibition of ACE decreases levels of angiotensin Il, leading to
less vasoconstriction and decreased blood pressure[25].

3. ACE-2is an gateway Entry Receptor for SARS-CoV-2

During 2003, the virus that caused the newly severe acute
respiratory syndrome (SARS) spread rapidly from China causing
almost 800 deaths and disrupting travel, economics and even
scientific conventions. Perhaps as a result of public health
measures, the disease faded away only to re-emerge in China this
year. Within months it had been identified as a positive strand
RNA virus, classified as a member of the coronavirus family
(SARS-CoV); its genome was sequenced [26,27]. Like other
coronaviruses, it is the N-terminal portion (S1 domain) of the viral
spike (S) glycoprotein that mediates the initial high-affinity
binding to a receptor on the surface of susceptible cells. The spike
sits in the viral envelope and projects outwards to give a ‘corona’-
like appearance to the virus, hence its name.

It was identified [28] that, the S1 domain of the SARS-CoV S
protein bound to the African Green monkey kidney cell line Vero
E6, which is permissive for viral replication. Then co-
immunoprecipitated the protein responsible for the viral binding
and entry. This SARS-CoV receptor, a glycoprotein was
identified by mass spectrometry as ACE2. When ACE2 was over
expressed in human cells non-permissive for viral infection,
SARS-CoV entry and replication were facilitated and this entire
process was blocked by an ACE2 antibody 28.

The ACE2 tissue distribution also appears to exhibit some
correlation with SARS-CoV infection sites and disease pathology.
It was later [29] confirmed that ACE2 was a SARS-CoV receptor
and showed that the receptor-binding domain was probably
located between residues 272 and 537 of the spike glycoprotein.
A crucial aspartic acid in this region was essential for binding with
ACE2. Modelling of the ACE2 structure based on the known
structure of ACE has provided another approach to predicting
potential binding contacts between ACE?2 and the SARS-CoV S
protein [30].

COVID-19 virus identification and sequencing indicated that it
shared 88% sequence identity with two bat-derived SARS-like
CoV, indicating that it was originated in bats.[31] The genome of
coronavirus contains structural proteins like spike (S) protein,
nucleocapsid (N) protein, membrane (M) protein, and the
envelope (E) protein.[32] Among this , the S protein is
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responsible for facilitating entry of the CoV into the target cell. It
is composed of a short intracellular tail, a transmembrane anchor,
and a large ectodomain that consists of a receptor binding S1
subunit and a membrane-fusing S2 subunit.33The analysis of the
receptor binding motif (RBM) in the S protein showed that most
of the amino acid residues important for receptor binding were
conserved between SARS-CoV and SARS-CoV-2, indicating that
the 2 CoV strains use the same host receptor for cell
entry.[34] The receptor utilized by SARS-CoV for entry
is Angiotensin-Converting Enzyme 2 (ACE-2) [35] . The
sequence similarities the between SARS-CoV-2 and SARS-CoV,
may indicate that SARS-CoV-2 also utilizes ACE-2 as a cellular
entry receptor. SARS-CoV-2 could utilize ACE-2 from humans,
Chinese horseshoe bats, civet cats, and pigs to get entry into ACE-
2-expressing Hela cells[36].

4. Targeting ACE2’s role in facilitating viral entry

ACE inhibitors are designed to prevent the conversion of
angiotensin 1 to angiotensin 2, and ACE2 further converts
angiotensin 2 to angiotensin 1-7, acting as a counterbalance for
the proinflammatory angiotensin 2. When the virus occupies all
the ACEZ2 receptors on host cells, there is more angiotensin 2 free-
flowing in the system to activate the RAS pathway, which leads
to Covid-19 complications. If the conversion of angiotensin 1 to
angiotensin 2 is blocked by ACE inhibitors, the Covid-19
complications will be prevented.

5. Repurposing of ACEI, Enalpril against SARS COVID 2:

Most patients with cardiovascular comorbidities qualify for
angiotensin-converting enzyme inhibitor (ACEI) or angiotensin 11
receptor blocker (ARB) therapy.[37] Of note, Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2 uses the
receptor angiotensin-converting enzyme (ACE) 2 for entry into
target cells.[38] Ferrario et al reported that both ACEI and ARB
could significantly increase mMRNA expression of cardiac
ACE2.[39] On the basis of these thoughts, we generated the
hypothesis that these drugs might play a role in the severe course
of COVID-19 cases.[40] More importantly, no clinical-
epidemiological data have been put forward and it is unknown
whether the hypothesized mechanism plays a pivotal role in
COVID-19.

Conflict of interest

The authors K.Ravishankar, GVN Kiranmayi were at the time
of writing are employees of Aditya College of Pharmacy,
Suramplem, India. The authors confirm that this article content
has no conflict of interest.

References:

1. U.S. National Library of Medicine. Last Revised October 1,
2010 MedlinePlus: Enalapril Archived 2015-02-08  at
the Wayback Machine

2. McMurray JJ (January 2010). "Clinical practice. Systolic
heart  failure”. The New  England Journal  of
Medicine. 362 (3): 228-38.

3. He YM, Feng L, Huo DM, Yang ZH, Liao YH (September
2013). "Enalapril versus losartan for adults with chronic

Page 2 of 4


http://aditum.org/
https://en.wikipedia.org/wiki/Enalaprilat
https://en.wikipedia.org/wiki/Enalapril#cite_note-Vasotec_FDA_label-14
https://www.cell.com/trends/pharmacological-sciences/references/S0165-6147(04)00097-5#BIB18
https://www.cell.com/trends/pharmacological-sciences/references/S0165-6147(04)00097-5#BIB18
https://www.cell.com/trends/pharmacological-sciences/references/S0165-6147(04)00097-5#BIB19
https://www.rndsystems.com/target/ace-2
https://www.rndsystems.com/target/ace-2
https://www.rndsystems.com/target/ace-2
https://www.ahajournals.org/doi/full/10.1161/JAHA.120.016509#jah35043-bib-0005
https://www.ahajournals.org/doi/full/10.1161/JAHA.120.016509#jah35043-bib-0006
https://www.nejm.org/doi/full/10.1056/nejmcp0909392
https://www.nejm.org/doi/full/10.1056/nejmcp0909392
https://www.nejm.org/doi/full/10.1056/nejmcp0909392
https://onlinelibrary.wiley.com/doi/abs/10.1111/nep.12134
https://onlinelibrary.wiley.com/doi/abs/10.1111/nep.12134

10.

11.

12.

13.

14.

15.

16.

17.

18.

J Pharmacy and Drug Innovations

kidney disease: a systematic review and meta-
analysis". Nephrology. 18 (9): 605-14.

Greendyke RM, Bernhardt AJ, Tasbas HE, Lewandowski
KS (April 1998). "Polydipsia in chronic psychiatric patients:
therapeutic trials of clonidine and
nalapril”. Neuropsychopharmacology. 18 (4): 272-81.
Natesh R, Schwager SLU, Sturrock ED, Acharya R. Crystal
structure of the human angiotensin-convertingenzyme—
lisinopril  complex.  Nature  2003; 421:551-554.
pmid:12540854

Soubrier F, Alhenc-Gelas F, Hubert C, Allegrini J, John M,
Tregear G, et al. Two putative active centers in human
angiotensin I-converting enzyme revealed by molecular
cloning. Proc Natl Acad Sci USA. 1988; 85:9386-9390.
pmid:2849100

Junot C, Gonzales MF, Ezan E, Cotton J, Vazeux G, Michaud
A, et al. RXP 407, a selective inhibitor of the N-domain of
angiotensin I-converting enzyme, blocks in vivo the
degradation of hemoregulatory peptide acetyl-Ser-Asp-Lys-
Pro with no effect on angiotensin I hydrolysis. J Pharmacol
Exp Ther. 2001; 297:606-611. pmid:11303049

Esther CR, Marino EM, Howard TE, Machaud A, Corvol P,
Capecchi MR, et al. The critical role of tissue angiotensin-
converting enzyme as revealed by gene targeting in mice. J
Clin Invest. 1997; 99:2375-2385. pmid:9153279

Wei L, Clauser E, Alhenc-Gelas F, Corvol P. The two
homologous domains of humanangiotensin I-converting
enzyme interact differently with competitive inhibitors. J
Biol Chem. 1992; 267:13398-13405. pmid:1320019

Ehlers MR, Riordan JF. Angiotensin-converting enzyme:
zinc- and inhibitor-binding stoichiometries of the somatic
and testis isozymes. Biochemistry. 1991; 30:7118-7126.
Sealey JE, Laragh JH. The renin-angiotensin-aldosterone
system for normal regulation of blood pressure and sodium
and potassium homeostasis. In: Laragh JH, Brenner BM, eds.
Hypertension: Pathophysiology, Diagnosis, and
Management. New York, NY: Raven Press Ltd; 1990:1287—
1317.

Danser AH, van Kats JP, Admiraal PJ, Derkx FH, Lamers
JM, Verdouw PD, Saxena PR, Schalekamp MA. Cardiac
renin and angiotensins: uptake from plasma versus in situ
synthesis. Hypertension. 1994;24: 37-48.

Dzau VJ. Vascular renin-angiotensin system and vascular
protection. J Cardiovasc Pharmacol. 1993;22(suppl):S1-S9.
Doolittle RF. Angiotensin is related to the antitrypsin-
antithrombin ovalbumin family. Science. 1983;222:417-419.
Erdos EG. The angiotensin | converting enzyme. Fed Proc.
1977;36: 1760-1765. 7. Folkow B, Johansson B, Mellander
S. The comparative effects of angiotensin and noradrenaline
on consecutive vascular sections. Acta Physiol Scand.
1961;53:99-104.

Zimmerman BG, Sybertz EJ, Wong PC. Interaction between
sympathetic and renin-angiotensin system. J Hypertens.
1984;2:581-587.

Biron P, Koiw E, Nowaczynski W. The effects of intravenous
infusions of valine-5 angiotensin 11 and other pressor agents
on urinary electrolytes and corticoids including aldosterone.
J Clin Invest. 1961;60: 338-347.

Padfield PL, Morton JJ. Effects of angiotensin Il on
argininevasopressin in physiological and pathological
situations in man. J Clin Endocrinol. 1977;74:251-259.

Aditum Publishing —-www.aditum.org

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Bell L, Madri J. Influence of the angiotensin system on
endothelial and smooth muscle cell migration. Am J Pathol.
1990;137:7-12.

Daemen MJ, Lombardi DM, Bosman FT, Schwartz SM.
Angiotensin Il induces smooth muscle cell proliferation in
the normal and injured rat arterial wall. Circ Res.
1991;68:450-456.

Itoh H, Mukoyama M, Pratt RE, Gibbons GH, Dzau VJ.
Multiple autocrine growth factors modulate vascular smooth
muscle cell growth response to angiotensin Il. J Clin Invest.
1993;91:2268-2274.

Dostal DE, Booz GW, Baker KM. Angiotensin Il signalling
pathways in cardiac fibroblasts: conventional versus novel
mechanisms in mediating cardiac growth and function. Mol
Cell Biochem. 1996;157:15-21.

Huckle WR, Earp HS. Regulation of cell proliferation and
growth by angiotensin 1l. Prog Growth Factor Res.
1994;5:177-194.

Timmermans PB, Wong PC, Chiu AT, Herblin WF, Benfield
P, Carini DJ, Lee RJ, Wexler RR, Saye JA, Smith RD.
Angiotensin 1l receptors and angiotensin Il receptor
antagonists. Pharm Rev. 1993;45:205-251.

Vasotec- enalapril maleate tablet". DailyMed. 12 November
2018. Retrieved 26 April 2020.

Rota P.A et al.Characterization of a novel coronavirus
associated with severe acute respiratory
syndrome.Science. 2003; 300: 1394-1399.

Marra M.A et al. The genome sequence of the SARS-
associated coronavirus. Science. 2003; 300: 1399-1404

Li W et al. Angiotensin-converting enzyme 2 is a functional
receptor for the SARS coronavirus. Nature. 2003; 426: 450-
454

Xiao X et al. The SARS-CoV S glycoprotein: expression and
functional characterization. Biochem. Biophys. Res.
Commun. 2003; 312: 1159-1164.

Prabakaran P et al. A model of the ACE2 structure and
function as a SARS-CoV receptor. Biochem. Biophys. Res.
Commun. 2004; 314: 235-241

Roujian  Lu, Xiang Zhao, Juan Li, Peihua Niu, Bo
Yang, Honglong Wu, Wenling Wang, Hao Song Baoying
Huang, Na Zhu, Yuhai Bi, Xuejun Ma, Faxian Zhan, Liang
Wang, Tao Hu,Hong Zhou, Zhenhong Hu, Weimin
Zhou, Li Zhao, Jing Chen, Yao Meng, Ji Wang, Yang
Lin, Jianying Yuan, Zhihao Xie, Jinmin Ma, William J
Liu, Dayan Wang, Wenbo Xu, Edward C Holmes, George F
Gao, Guizhen Wu, Weijun Chen, Weifeng Shi, Wenjie
Tan- Genomic Characterisation and Epidemiology of 2019
Novel Coronavirus: Implications for Virus Origins and
Receptor Binding. Lancet. 2020 Feb 22;395(10224):565-
574.
https://www.sciencedirect.com/science/article/pii/S0140673
620302518

Schoeman, D., Fielding, B.C. Coronavirus envelope protein:
current knowledge. Virol J 16, 69 (2019).

Fang Li .Structure, Function, and Evolution of Coronavirus
Spike Proteins Annual Review of Virology 2016 3:1, 237-
261

Yushun Wan, Jian Shang, Rachel Graham, Ralph

S. Baric, Fang Li. Receptor Recognition by the Novel
Coronavirus from Wuhan: an Analysis Based on Decade-
Long Structural Studies of SARS Coronavirus. Journal of

Page 3 of 4


http://aditum.org/
https://onlinelibrary.wiley.com/doi/abs/10.1111/nep.12134
https://onlinelibrary.wiley.com/doi/abs/10.1111/nep.12134
https://www.sciencedirect.com/science/article/pii/S0893133X97001590
https://www.sciencedirect.com/science/article/pii/S0893133X97001590
https://www.sciencedirect.com/science/article/pii/S0893133X97001590
https://www.sciencedirect.com/science/article/pii/S0893133X97001590
https://www.nature.com/articles/nature01370
https://www.nature.com/articles/nature01370
https://www.nature.com/articles/nature01370
https://www.nature.com/articles/nature01370
https://www.pnas.org/content/85/24/9386.short
https://www.pnas.org/content/85/24/9386.short
https://www.pnas.org/content/85/24/9386.short
https://www.pnas.org/content/85/24/9386.short
https://www.pnas.org/content/85/24/9386.short
https://jpet.aspetjournals.org/content/297/2/606.short
https://jpet.aspetjournals.org/content/297/2/606.short
https://jpet.aspetjournals.org/content/297/2/606.short
https://jpet.aspetjournals.org/content/297/2/606.short
https://jpet.aspetjournals.org/content/297/2/606.short
https://jpet.aspetjournals.org/content/297/2/606.short
https://www.jci.org/articles/view/119419
https://www.jci.org/articles/view/119419
https://www.jci.org/articles/view/119419
https://www.jci.org/articles/view/119419
https://www.sciencedirect.com/science/article/pii/S0021925818422247
https://www.sciencedirect.com/science/article/pii/S0021925818422247
https://www.sciencedirect.com/science/article/pii/S0021925818422247
https://www.sciencedirect.com/science/article/pii/S0021925818422247
https://pubs.acs.org/doi/pdf/10.1021/bi00243a012
https://pubs.acs.org/doi/pdf/10.1021/bi00243a012
https://pubs.acs.org/doi/pdf/10.1021/bi00243a012
https://ci.nii.ac.jp/naid/10015366552/
https://ci.nii.ac.jp/naid/10015366552/
https://ci.nii.ac.jp/naid/10015366552/
https://ci.nii.ac.jp/naid/10015366552/
https://ci.nii.ac.jp/naid/10015366552/
https://ci.nii.ac.jp/naid/10015366552/
https://www.ahajournals.org/doi/abs/10.1161/01.HYP.24.1.37
https://www.ahajournals.org/doi/abs/10.1161/01.HYP.24.1.37
https://www.ahajournals.org/doi/abs/10.1161/01.HYP.24.1.37
https://www.ahajournals.org/doi/abs/10.1161/01.HYP.24.1.37
https://europepmc.org/article/med/7508045
https://europepmc.org/article/med/7508045
https://science.sciencemag.org/content/222/4622/417.abstract
https://science.sciencemag.org/content/222/4622/417.abstract
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.97.14.1411
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.97.14.1411
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.97.14.1411
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.97.14.1411
https://www.ahajournals.org/doi/abs/10.1161/01.CIR.97.14.1411
https://journals.lww.com/jhypertension/citation/1984/12000/interaction_between_sympathetic_and.2.aspx
https://journals.lww.com/jhypertension/citation/1984/12000/interaction_between_sympathetic_and.2.aspx
https://journals.lww.com/jhypertension/citation/1984/12000/interaction_between_sympathetic_and.2.aspx
https://www.jci.org/articles/view/104261
https://www.jci.org/articles/view/104261
https://www.jci.org/articles/view/104261
https://www.jci.org/articles/view/104261
https://joe.bioscientifica.com/view/journals/joe/74/2/joe_74_2_010.xml
https://joe.bioscientifica.com/view/journals/joe/74/2/joe_74_2_010.xml
https://joe.bioscientifica.com/view/journals/joe/74/2/joe_74_2_010.xml
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc1877705/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc1877705/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc1877705/
https://www.ahajournals.org/doi/abs/10.1161/01.res.68.2.450
https://www.ahajournals.org/doi/abs/10.1161/01.res.68.2.450
https://www.ahajournals.org/doi/abs/10.1161/01.res.68.2.450
https://www.ahajournals.org/doi/abs/10.1161/01.res.68.2.450
https://www.jci.org/articles/view/116454
https://www.jci.org/articles/view/116454
https://www.jci.org/articles/view/116454
https://www.jci.org/articles/view/116454
https://link.springer.com/article/10.1007/BF00227876
https://link.springer.com/article/10.1007/BF00227876
https://link.springer.com/article/10.1007/BF00227876
https://link.springer.com/article/10.1007/BF00227876
https://www.sciencedirect.com/science/article/pii/0955223594900043
https://www.sciencedirect.com/science/article/pii/0955223594900043
https://www.sciencedirect.com/science/article/pii/0955223594900043
https://ci.nii.ac.jp/naid/10007119964/
https://ci.nii.ac.jp/naid/10007119964/
https://ci.nii.ac.jp/naid/10007119964/
https://ci.nii.ac.jp/naid/10007119964/
https://www.nejm.org/doi/full/10.1056/NEJMoa030781
https://www.nejm.org/doi/full/10.1056/NEJMoa030781
https://www.nejm.org/doi/full/10.1056/NEJMoa030781
https://science.sciencemag.org/content/300/5624/1399.abstract
https://science.sciencemag.org/content/300/5624/1399.abstract
https://www.nature.com/articles/nature02145
https://www.nature.com/articles/nature02145
https://www.nature.com/articles/nature02145
https://www.sciencedirect.com/science/article/pii/S0006291X03024136
https://www.sciencedirect.com/science/article/pii/S0006291X03024136
https://www.sciencedirect.com/science/article/pii/S0006291X03024136
https://www.sciencedirect.com/science/article/pii/S0006291X03026792
https://www.sciencedirect.com/science/article/pii/S0006291X03026792
https://www.sciencedirect.com/science/article/pii/S0006291X03026792
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+N&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Hu+T&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou+H&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Hu+Z&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou+W&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou+W&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+L&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+J&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Lin+Y&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Lin+Y&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Xie+Z&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Ma+J&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+WJ&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+WJ&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+D&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Xu+W&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Holmes+EC&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Gao+GF&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Gao+GF&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+G&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+W&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Shi+W&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Tan+W&cauthor_id=32007145
https://pubmed.ncbi.nlm.nih.gov/?term=Tan+W&cauthor_id=32007145
https://virologyj.biomedcentral.com/articles/10.1186/s12985-019-1182-0?fbclid=IwAR1mPRXbJIL4_0qSIdUdaxh0ughnKHn7rjkgFZsCAFu-4Og6Syap-UXkLUs
https://virologyj.biomedcentral.com/articles/10.1186/s12985-019-1182-0?fbclid=IwAR1mPRXbJIL4_0qSIdUdaxh0ughnKHn7rjkgFZsCAFu-4Og6Syap-UXkLUs
https://www.annualreviews.org/doi/abs/10.1146/annurev-virology-110615-042301
https://www.annualreviews.org/doi/abs/10.1146/annurev-virology-110615-042301
https://www.annualreviews.org/doi/abs/10.1146/annurev-virology-110615-042301
https://journals.asm.org/doi/abs/10.1128/JVI.00127-20
https://journals.asm.org/doi/abs/10.1128/JVI.00127-20
https://journals.asm.org/doi/abs/10.1128/JVI.00127-20
https://journals.asm.org/doi/abs/10.1128/JVI.00127-20

35.

36.

37.

38.

J Pharmacy and Drug Innovations

Virology Mar 2020, 94 (7) e00127-20;

Li, W., Moore, M., Vasilieva, N.et al. Angiotensin-
converting enzyme 2 is a functional receptor for the SARS
coronavirus. Nature 426, 450454 (2003).

Zhou, P., Yang, X., Wang, X. et al. A pneumonia outbreak
associated with a new coronavirus of probable bat
origin. Nature 579, 270-273 (2020)

Messerli  FH, Bangalore S, Bavishi C, Rimoldi
SF. Angiotensin-converting enzyme inhibitors in
hypertension: to use or not to use?J Am Coll Cardiol. 2018;
71:1474-1482.

Hoffmann M, Kleine-Weber H, Kriiger N, Muller M, Drosten
C, Péhlmann S. The novel coronavirus 2019 (2019-nCoV)
uses the SARS-coronavirus receptor ACE2 and the cellular

Aditum Publishing —-www.aditum.org

39.

40.

protease TMPRSS2 for entry into target cells. bioRxiv. 2020.
2020.01.31.929042. Posted January 31, 2020.

Ferrario CM, Jessup J, Chappell MC, Averill DB, Brosnihan
KB, Tallant EA, Diz DI, Gallagher PE. Effect of angiotensin-
converting enzyme inhibition and angiotensin Il receptor
blockers on cardiac angiotensin-converting enzyme
2. Circulation. 2005; 111:2605-2610.

Sommerstein R, Gréni C. Rapid response: re: preventing a
covid-19 pandemic: ACE inhibitors as a potential risk factor
for fatal Covid-19. BMJ 2020.

Page 4 of 4


http://aditum.org/
https://journals.asm.org/doi/abs/10.1128/JVI.00127-20
https://www.nature.com/articles/nature02145
https://www.nature.com/articles/nature02145
https://www.nature.com/articles/nature02145
https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.01.058
https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.01.058
https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.01.058
https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.01.058
https://www.biorxiv.org/content/10.1101/2020.01.31.929042v1.abstract
https://www.biorxiv.org/content/10.1101/2020.01.31.929042v1.abstract
https://www.biorxiv.org/content/10.1101/2020.01.31.929042v1.abstract
https://www.biorxiv.org/content/10.1101/2020.01.31.929042v1.abstract
https://www.biorxiv.org/content/10.1101/2020.01.31.929042v1.abstract
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.104.510461
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.104.510461
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.104.510461
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.104.510461
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.104.510461
http://www.bmj.com/content/368/bmj.m810/rr-2.
http://www.bmj.com/content/368/bmj.m810/rr-2.
http://www.bmj.com/content/368/bmj.m810/rr-2.

