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Is amiloride a promising cardiovascular medication to persist in

the COVID-19 crisis?
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SUMMARY

In the ongoing coronavirus diseases-2019 (COVID-19) crisis that caused immense suffering and

deaths, the choice of therapy for the prevention and life-saving conditions must be based on sound
scientific evidence. Uncertainty and apprehension are exacerbated in people using angiotensin-
converting enzyme (ACE) inhibitors to control their comorbidities such as hypertension and diabetes.
These drugs are reported to result in unfavorable outcome as they tend to increase the levels of ACE2
which mediates the entry of SARS-CoV-2. Amiloride, a prototypic inhibitor of epithelial sodium
channels (ENaC) can be an ideal candidate for COVID-19 patients, given its ACE reducing and
cytosolic pH increasing effects. Moreover, its potassium-sparing and anti-epileptic activities make it a
promising alternative or a combinatorial agent.

Keywords

The world is anxiously watching the escalating spread
of a novel pandemic that has already caused immense
suffering and deaths (/). In this situation, the choice
of therapy for coronavirus diseases-2019 (COVID-19)
prevention and life-saving purpose must be supported
by compelling scientific evidence (2). People suffering
from co-morbid conditions such as diabetes and
hypertension are reportedly at a higher risk of death
(3). Uncertainty and apprehensions are exacerbated in
these people since they rely on certain drugs to control
their comorbidities (4). If at all angiotensin-converting
enzyme (ACE) inhibitors result in unfavorable outcomes
(5,6), a potassium-sparing diuretic can come to rescue.
We hypothesized that amiloride, a prototypic inhibitor of
epithelial sodium channels (ENaC) (7), can alleviate the
expression of ACE2 in human lung epithelial cells.

In our study, amiloride, an epithelial sodium channel
(ENaC) inhibitor, was found to reduce the expression of
angiotensin-converting enzyme (ACE2) in both human
alveolar epithelial and bronchial epithelial cell lines at
24 h as illustrated in Figure 1. Similarly, 'with no lysine
kinase' (WNK) inhibitor showed a reduction in both cell
lines but it was not significant. WNKSs are a novel family
of serine-threonine kinase known to regulate ENaC (8)
and therefore it was inhibited in the study to determine
the signaling pathway involved.

Multiple reasons support the use of amiloride in
patients with cardiovascular morbidities during the
coronavirus diseases-2019 (COVID-19) crisis. Firstly,
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ACE2 mediates the entry of SARS-CoV-2 (9) and
therefore it may constitute a pharmacological target
to limit cell entry of the virus (/0). Amiloride induced
reduction in ACE2 expression in bronchial and alveolar
epithelial cells indicates a beneficial effect of the drug
in restricting the entry of SARS-CoV-2. Secondly,
a decreased cytosolic pH is believed to be the most
important reason behind COVID-19 infection resulting
in a higher incidence of the disease in the elderly and
smokers. Amiloride can counteract the low cytosolic pH
by acting on Na'/H" exchanger (/7). Thirdly, amiloride
is effective in lung tissue (//), which is the most
frequent site of infection for SARS-CoV-2 indicated by
acute respiratory distress syndrome and mortality (/2).
Fourthly, potassium was reported to be significantly
lower in severe COVID-19 patients (/3) and the
correction of hypokalemia was found to be challenging
because of its continuous renal potassium loss resulting
from the degradation of ACE2 (/4). Amiloride with its
potassium-sparing diuretic activity (/5), helps restore
normal serum potassium concentrations in those who
develop hypokalemia (/6). Finally, The Center for
Disease Control and Prevention (CDC) suggests that
epilepsy, among neurological comorbidities, maybe
a predisposing factor for COVID-19 despite lack of
evidence (/7). Fortuitously, the illness associated
with abnormal electric discharge (/8) was found to
be alleviated in rodents by anti-seizure and other
neurological activities of amiloride (/9).
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Figure 1. Amiloride suppresses ACE2 expression in A549 and H441 cells. Immunoblots and densitometric analyses of ACE2 expression on

WNK and ENaC inhibitors at 24 h in (A) A549 and (B) H441 cell lines.
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Figure 2. Diagrammatic illustration of amiloride effects. It inhibits (A) ACE2 expression; (B) Hypokalemia; (C) Acidic pH in the cytosol and (D)

Seizures.

Regardless of the salt-sensitive status, large meta-
analyses have reported the superiority of low-dose
diuretics against other alternatives in hypertension
(20). In the ongoing uncertainty over the safety of ACE
inhibitors during the COVID-19 crisis, amiloride usage
as an alternative or a combinatorial agent in the aforesaid
co-morbidities can not only ameliorate the cardiovascular
events but can also help in COVID-19 as pictorially
illustrated in Figure 2.

Materials and Methods

Cell lines and reagents: The human A549 adenocarcinoma
(ATCC® CCL-185™) and Human bronchial (H441)
epithelial (ATCC® HTB-174™) cell lines obtained from
ATCC (Manassas, VA) were cultured in DMEM high
glucose and RPMI 1640 media (Hyclone, Logan, UT),
respectively supplemented with 10% heat-inactivated
fetal bovine serum (Atlanta Biologicals, Atlanta, GA),

100 U/mL penicillin, and 100 mg/mL streptomycin
in a humidified incubator at 37°C and 5% CO,. Cells
were routinely passaged when they reached 80-90%
confluency. Compound inhibitors were obtained from
Selleckchem, Houston, TX for WNK (WNK 463,
Cat#S8358) and epithelial sodium channel (Amiloride,
Cat#S1811) to be used in the concentrations of 1 pM and
10 uM, respectively.

Western blotting: The cell lysates were prepared
using 1X RIPA lysis buffer (Millipore, Temecula,
CA) supplemented with protease and phosphatase
inhibitor tablets (Roche Applied Science, Indianapolis,
IN). Protein concentration was measured by the DC
protein assay (Bio-Rad Laboratories, Hercules, CA)
and approximately 40-50 pg of cell lysates in Laemmli
buffer were used. Densitometry was performed using
NIH Imagel software. Primary antibodies against
ACE2 (Cat# MABNS59) and B-tubulin (Cat#2118S)
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were purchased from Millipore Sigma (Burlington,
MA) and Cell Signaling Technology (Danvers, MA),
respectively.

Statistical analysis: All the data are presented as mean
+ SEM. The 'n' value for each figure implies the number
of samples in each group. All the data were analyzed by
parametric testing using the Student's unpaired #-test or
one-way ANOVA, followed by the posthoc test using the
GraphPad Prism 6.01 software. Data with p < 0.05 were
considered significant.

Funding: Funds were provided by the NHLBI grant
ROTHL103952, NCATS grant UL1TR002378, Wilson
Pharmacy Foundation (intramural), and Translational
Research Initiative grant (intramural) to PRS. This work
has been accomplished using the resources and facilities
at the VA Medical Center in Augusta, GA.

Conflict of Interest: Authors declare that there are no
financial or other conflicts of interest exist.

References

1. Morens DM, Daszak P, Markel H, Taubenberger JK.
Pandemic COVID-19 Joins History's Pandemic Legion.
mBio. 2020; 11:¢00812-20

2. Trifiro G, Crisafulli S, Ando G, Racagni G, Drago F.
Should patients receiving ACE inhibitors or angiotensin
receptor blockers be switched to other antihypertensive
drugs to prevent or improve prognosis of novel
coronavirus disease 2019 (COVID-19)? Drug Saf. 2020;
43:507-509.

3.  Khulood D, Adil MS, Sultana R, Nimra. Convalescent
plasma appears efficacious and safe in COVID-19. Ther
Adv Infect Dis. 2020; 7:2049936120957931.

4. Khashkhusha TR, Chan JSK, Harky A. ACE inhibitors
and COVID-19: We don't know yet. J Card Surg. 2020;
35:1172-1173.

5. Tadic M, Cuspidi C, Sala C. COVID-19 and diabetes: Is
there enough evidence? J Clin Hypertens (Greenwich).
2020; 22:943-948.

6. Kai H, Kai M. Interactions of coronaviruses with ACE2,
angiotensin I, and RAS inhibitors-lessons from available
evidence and insights into COVID-19. Hypertens Res.
2020; 43:648-654.

7. Kleyman TR, Sheng S, Kosari F, Kieber-Emmons
T. Mechanism of action of amiloride: a molecular
prospective. Semin Nephrol. 1999; 19:524-532.

8. Huang CL, Kuo E. Mechanisms of disease: WNK-ing at

the mechanism of salt-sensitive hypertension. Nat Clin
Pract Nephrol. 2007; 3:623-630.

9. WangQ, Zhang Y, Wu L, Niu S, Song C, Zhang Z, Lu G,
Qiao C, Hu 'Y, Yuen KY, Wang Q, Zhou H, Yan J, Qi J.
Structural and functional basis of SARS-CoV-2 entry by
using human ACE2. Cell. 2020; 181:894-904.e899.

10. McKee DL, Sternberg A, Stange U, Laufer S, Naujokat
C. Candidate drugs against SARS-CoV-2 and COVID-19.
Pharmacol Res. 2020; 157:104859.

11. Cure E, Cumhur Cure M. Comment on "Organ-protective
effect of angiotensin-converting enzyme 2 and its effect
on the prognosis of COVID-19". J Med Virol. 2020.

12. Jain A. COVID-19 and lung pathology. Indian J Pathol
Microbiol. 2020; 63:171-172.

13. Lippi G, South AM, Henry BM. Electrolyte imbalances
in patients with severe coronavirus disease 2019
(COVID-19). Ann Clin Biochem. 2020; 57:262-265.

14. Chen D, Li X, Song Q, Hu C, Su F, Dai J, Ye Y, Huang
J, Zhang X. Assessment of hypokalemia and clinical
characteristics in patients with coronavirus disease
2019 in Wenzhou, China. JAMA Netw Open. 2020;
3:¢2011122.

15. Bull MB, Laragh JH. Amiloride. A potassium-sparing
natriuretic agent. Circulation. 1968; 37:45-53.

16. Maronde RF, Milgrom M, Vlachakis ND, Chan L.
Response of thiazide-induced hypokalemia to amiloride.
JAMA. 1983; 249:237-241.

17. Kuroda N. Epilepsy and COVID-19: Associations
and important considerations. Epilepsy Behav. 2020;
108:107122.

18. Mir S Adil, Azizullah G, M.d Amer K, M Nematullah K,
M Aamer K, Ihtisham S. Metronidazole induced seizures.
World Journal of Pharmaceutical Sciences. 2014; 2:108-
I11.

19. Ali A, Ahmad FJ, Pillai KK, Vohora D. Evidence
of the antiepileptic potential of amiloride with
neuropharmacological benefits in rodent models of epilepsy
and behavior. Epilepsy Behav. 2004; 5:322-328.

20. Huot SJ, Aronson PS. Na(+)-H+ exchanger and its role
in essential hypertension and diabetes mellitus. Diabetes
Care. 1991; 14:521-535.

Received August 20, 2020; Revised October 6, 2020; Accepted
October 24, 2020.

*Address correspondence to:

Payaningal R. Somanath, Clinical and Experimental
Therapeutics, College of Pharmacy, University of Georgia,
Augusta, GA 30912, USA.

E-mail: sshenoy@augusta.edu

Released online in J-STAGE as advance publication October
29, 2020.

www.ddtjournal.com



