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Several treatment approaches for COVID-19 were employed since the beginning of the pandemic, such as
immunomodulatory, antiviral, anti-inflammatory, antimicrobial agents, and again corticosteroids, angiotensin |l
receptor blockers, and bradykinin B2 receptor antagonists, but many of them were proven ineffective in targeting
the virus. So, the identification of drugs to be used effectively for treatment of COVID-19 is strongly needed.
Carbazoles represent an interesting class of heterocycles known by their anticancer activity: antibacterial, anti-
inflammatory, antifungal, antioxidant, antimicrobial, antiepileptic, antihistamine, antiviral. In addition, numerous

carbazole derivatives have also been found to be useful for Alzheimer’s disease.

COVID-19 carbazoles alkaloids Coronaviruses SARS-CoV-2

| 1. SARS-CoV-2 M-Pro Inhibitors

Protease M-pro, also known as chymotrypsin-like protease, (3CL-pro) is an enzyme that only exists in the virus
and not in humans 2, For this reason, Mpro is an interesting target for the discovery of new antivirals Bl. Gimeno
et al. in 2020 4! applied a virtual screening (VS) method for checking approved medicines to verify which of them
could inhibit this protease. The drugs studied were docked against the structure of the protease involved using
docking programs such as Glide, FRED, and AutoDock Vina. Thanks to these studies, drugs were selected,
including one with a carbazole structure, carprofen (1, Figure 1), as possible M-pro inhibitors. Carprofen (2-(6-
chloro-9H-carbazol-2yl) propanoic acid) (1) is a selective COX-2 (cyclooxygenase-2) inhibitor. Compound 1, in the
active site of M-pro, makes many interactions, such as hydrophobic interactions, with GIn189 and Met49, 1-1t
interaction with His41 through its ring system, hydrogen interaction, for example with His164, Serl44, and Cys145,
and halogen bond interaction with the thiol group of Cys44 through its chloro group. In-vitro studies show a limited
inhibitory capacity on M-pro (3.97% at 50 uM) of drug 1 therefore this molecule could be considered a promising

compound for the synthesis of more potent and effective inhibitors 4,
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Figure 1. Structure of carprofen (1).

In 2022, Abdel-Halim et al. El identified carvedilol ((1-(9H-carbazol-4-yloxy)-3-[2-(2-

methoxyphenoxy)ethylamino]propan-2-ol)) (2, Figure 2), a B-adrenergic receptor blocker, as Mpro inhibitor by in-
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silico and in-vitro assays.
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Figure 2. Structure of carvedilol (2).

In silico studies allowed researchers to study the conformational changes in the enzyme induced by the different
ligands. From the evaluation of the data obtained, it was possible to identify combinations of molecules that gave a
synergistic effect on protease Mpro. In fact, the drug combination favipiravir (6-fluoro-3,4-dihydro-3-oxo-2-
pyrazinecarboxamide)/carvedilol (2) was found to be active against this enzyme. The inhibitory activity tests the
evaluation of the synergistic effect and was evaluated by using the “3CL Protease (SARS-CoV-2) Assay Kit” from
“BPS Bioscience.” The best results have been obtained by mixing 2 pM compound 2 and 1 uM favipiravir showing
an inhibition percentage of 98 and a contact-dependent growth inhibition (CDI) of 0.89. CF analysis (analysis of
contact frequency) and MD simulation (molecular dynamics simulations) were able to identify the amino acid
residues that affect the bond between compound 2 and Mpro (for example His41, Met49, and Thr25 showed more
than 80% CF; Cys44, Ser46, and Glu166 more than 70%) . This research supports the computational work

carried out in 2020 by Zhou et al., showing the important role of carvedilol in the treatment of COVID-19 BIlZ and
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that of Wu et al. 8 reporting carvedilol as a potential protease inhibitor similar to 3-chymotrypsin SARS-CoV-2.
Carvedilol (2) was also used in a clinical trial to evaluate the clinical outcomes of hypertensive patients infected
with SARS-CoV-2, who commonly use inhibitors of the renin-angiotensin-aldosterone system. The study conducted
by Najmeddin et al. @ confirmed that there are no deleterious effects following the use of angiotensin-converting
enzyme inhibitors (ACEis) and angiotensin receptor blockers (ARBs) in hypertensive patients with COVID-19 29I,
Also, according to the report of Onohuean et al. 2 in 2021, drugs such as carvedilol (2) may control the
development of HF by reducing the infectivity of the 2019 novel coronavirus (SARS-CoV-2) and prevent the
production of cytokine storms in severely affected COVID-19 people. Compound 2 downregulates cardiac ACE2
and inhibits SARS-CoV-2-induced acute cardiac injury 22, Amirshahrokhi et al. demonstrated that 2 can moderate
the development of paraquat-induced ALI through suppression of oxidative stress and NF-«B signaling pathway
(131 Also, 2 effectively manages Coronavirus disease 2019 complications such as esophageal varices 24 and post-
COVID-19 sinus tachycardia 3. Therefore, for its antiviral and anti-inflammatory activities, carvedilol may have
dual protective effects in COVID-19 by mitigating the development of HF and ALI 18],

Several studies show the antiviral property of plant-derived molecules against RNA viruses 7. Some of these,
such as carbazole alkaloids from Murraya koenigii have been evaluated for SARS-CoV-2 infection. Murraya
koenigii, known as the “Curry leaf tree” is a plant very widespread and of considerable pharmaceutical interest due
to its numerous beneficial activities (antioxidant, antidiabetic, anticancer, anti-inflammatory, hepatoprotective,
nephroprotective, cardioprotective, neuroprotective and antimicrobial, and antiviral activities). These activities are
mainly due to the presence of compounds with a carbazole structure in its leaves, roots, and bark 2819 For such
evidence, Wadanambi et al. in 2022 29 evaluated the inhibitory potential of carbazole alkaloids from Murraya
koenigii against Mpro by computational study. Using 3WL (5,6,7-trihydroxy-2-phenyl-4H-chromen-4-one) as a
reference inhibitor, five carbazole alkaloids 3-7 (Figure 3) (koenigicine (8-methoxy-3,3,5-trimethyl-11H-pyrano[3,2-
aJcarbazol-9-ol)  (3), mukonicine  (9,11-dimethoxy-3,3,5-trimethyl-11H-pyrano[3,2-a]carbazole) (4), O-
methylmurrayamine A (9-methoxy-3,3,5-trimethyl-11H-pyrano[3,2-a]carbazole) (5), koenine (3,3,5-trimethyl-11H-
pyrano[3,2-a]carbazol-8-ol) (6), and girinimbine (3,11-dihydro-3,3,5-trimethyl-pyrano[3,2-a]carbazole) (7) displayed

interactions in the active site of SARS-CoV-2 Mpro.
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Figure 3. Structures of: koenigicine (3), mukonicine (4), O-methylmurrayamine A (5), koenine (6) and girinimbine

).
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Mainly, 4-7 may have the features to reduce SARS-CoV-2 replication by inactivating the Mpro catalytic activity. The
carbazoles studied (3-7), compared with 3WL and showed higher binding affinity and lower binding energies
towards the active site of the SC2-Mpro (2. These compounds form hydrogen bonds with numerous aminoacid
residues of the active site (for example with His41, Cys145, Asnl142, etc.). In particular, the oxygen atom of the
pyran ring forms a hydrogen interaction with Gly143 (for 3 and 4), Asn142 (for 5 and 7), and Glul166 (for 6).
Compounds 3-7 were also found to be effective against the Alpha, Beta, Gamma, and Omicron variants. Toxicity
test data shows that 3, 4, and 5 may have carcinogenic and mutagenic effects [22] instead, 6 and 7 did not show
any toxic effects to hepatotoxicity, carcinogenicity, mutagenicity, and cytotoxicity. Therefore, bioactive natural
compounds 4-7, with good oral bioavailability, represent a starting point for the synthesis of new potential SC-2
Mpro inhibitors 29,

2. Viral-Entry Inhibitors Targeting Human Angiotensin 2
Converting Enzyme Receptor

Terali et al. in 2020 231 have identified the carbazole edotecarin (8, Figure 4), (6-((1,3-dihydroxypropan-2-
yl)amino)-2,10-dihydroxy-12-((2R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
yl)-12,13-dihydro-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione) as viral-entry inhibitors targeting human

angiotensin 2 converting enzyme receptor (ACE2) by molecular docking.
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Figure 4. Structure of edotecarin (8).

Compound 8, by means of electrostatic interactions, favors the closed (substrate/inhibitor-bound) conformation of
angiotensin-converting enzyme 2 modifying the positions of the receptor’'s amino acids interested in recognition by
SARS-CoV-2. Specifically, the diol group of topoisomerase | inhibitor (8) is crucial for the interaction; the catalytic
residues of ACE2 mainly interested in interacting with 8 are Glu375, Tyr515, and Asn149. Furthermore, 8 with
conjugative p-planes performs pep interactions (sandwich or T-shaped) with the amino acids Phe274, His345, and
Tyr510 41 As already discussed, modulators of expression levels of proteins such as ACE2 may control the
SARS-CoV-2 infection [24],

In 2022, Serra et al. (22 studied the synergistic effect of an analog of edotecarin (9, Figure 5) and bafetinib. In
particular, with computational methods, they found that 7-hydroxystaurosporine (9), ((5S,6R,7R,9R,16R)-16-
hydroxy-6-methoxy-5-methyl-7-(methylamino)-6,7,8,9,15,16-hexahydro-17-oxa-4b,9a,15-triaza-5,9-

methanodibenzo[b,h] cyclononaljkllcyclopentale]-as-indacen-14(5H)one), and bafetinib (4-[[(3S)-3-(dimethyl
amino)pyrrolidin-1-ylJmethyl]-N-[4-methyl-3-[(4-pyrimidin-5-ylpyrimidin-2-yl)amino] phenyl]-3-

(trifluoromethyl)benzamide), inhibit viral infection when combined together.
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Figure 5. Structure of 7-hydroxystaurosporine (9).

In vitro studies confirmed that these compounds, used in combination, hinder a post-entry mechanism of the virus
and efficacy against the Delta variant. HEK-293 T cells stably expressing human ACE2 and TMPRSS2 (HEK-293
TAT), infected with the SARS-CoV-2 strain isolated from Wuhan, were used for the experiments. The drugs were
tested at concentrations of 0.09, 0.9, and 9 pM. Antineoplastic agent 9 and bafetinib (second-generation tyrosine
kinase inhibitor) showed significant inhibition at 9 uM. The combination of bafetinib and 7-hydroxystaurosporine (9)
on Caco2-ACE2 cells (Caco2 is an immortalized cell linehuman colorectal adenocarcinoma cells) has also been
studied using 1 or 3 pM concentrations of drug 9 in combination with 3 pM bafetinib. At 3 pM, the treatment
decreased infection by >70%. The synergistic effect was also observed for the Delta variant in a concentration-
dependent manner 22281271 Another staurosporine analog (10, Figure 6) (sodium 3-(4-(((S)-5-((5S,7S,8R,9S)-8-
methoxy-9-methyl-16-0x0-6,7,8,9,15,16-hexahydro-5H,14H-4b,9a,15-triaza-5,9-

methanodibenzo[b,h]cyclonona[jklJcyclopenta[e]-as-indacen-7-yl)-4-oxohexanamido)methyl)-1H-1,2,3-triazol-1-
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yl)propane-1-sulfonate), called CIMSSNa, was studied in 2022 by Cheshenko et al. as SARS-CoV-2 inhibitor.
Experiments conducted on three cell lines (Vero, Huh7 and Calu-3 cells) confirmed that 10 inhibits SARS-CoV-2
and that SARS-CoV-2 enters the cells by direct fusion (at least partly) (28],

N
H

Figure 6. Structure of CIMSSNa (10).

Intead, Tanimoto et al. in 2021 22 proved that treatment with AHR agonists (aryl hydrocarbon receptor agonists),
as 6-formylindolo(3,2-b)carbazole (11, Figure 7), decreases expression of ACE2 via AHR activation, resulting in
the suppression of SARS-CoV-2 disease in mammalian cells. The studies were conducted on HepG2 cells. RNA-
seq analysis demonstrated that 11 increased CYP1A1 gene expression in a dose-dependent manner and inhibited
the expression of the ACE2 gene. Also, the ACE2 expression in Vero E6 cells (Vero C1008 African green monkey
kidney cell Line, Clone E6) was valued BY; again ACE2 expression is downregulated by treatment with 11.
Therefore, these results demonstrated that formylindolo carbazole 11, the agonist of AHR, blocks the expression of

ACE?2 in mammalian cells, limits the entry of SARS-CoV-2, and stimulates the immune system (22,
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Figure 7. Structure of 6-formylindolo(3,2-b)carbazole (11).

| 3. Niemann-Pick Type C1 Inhibitor

Garcia-Dorival et al. in 2021 21l reported a link between the SARS-CoV-2 nucleoprotein (N) and NPC1. They have
pointed out that several molecules interact with Niemann-Pick type C1 (NPC1), as 2-((2-(1-benzylpiperidin-4-
ylethyl)amino)-N-(9H-carbazol-9-yl)acetamide (12, Figure 8) were able to decrease SARS-CoV-2 infection with
excellent selectivity in human cell infection models. In fact, 12 inhibited more than 95% of the infection of SARS-
CoV-2 in Vero-E6 (Vero C1008 African green monkey kidney Cell Line, Clone E6) and A549 (epithelial cells) cells.
These data suggest the importance of NPC1 for SARS-CoV-2 viral infection; NPC1, therefore, represents a
potential therapeutic target to fight against SARS-CoV-2 infection 311,
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Figure 8. Structure of 2-((2-(1-benzylpiperidin-4-yl)ethyl)amino)-N-(9H-carbazol-9-yl)acetamide (12).

| 4. Antiviral against Papain-Like Protease

Elkaeed et al. in 2022 22 carried out computational methods such as similarity assessment, fingerprints check,
docking, absorption, distribution, metabolism, excretion, toxicity (ADMET), and density-functional theory (DFT) on
different metabolites of natural origin as carbazole 13 (Figure 9), (6-cyano-5-methoxy-12-methylindolo [2,3A]
carbazole). This was reported as antiviral against papain-like protease (PLpro). The binding ability against PLpro
was screened through docking studies. In order to confirm the inhibitory effect of the compounds they examined

against PLpro and SARS-CoV-2, other studies such as in-vitro and in-vivo studies are needed 22,
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Figure 9. Structure of 6-cyano-5-methoxy-12-methylindolo [2,3A] carbazole (13).

| 5. Immunotherapy Treatment

As suggested by Gupta and Chiang in 2020 23] in the development of the COVID-19 infection, an immunotherapy
treatment, for example with ramatroban (14, Figure 10) ((3-[(3R)-3-[(4-fluorophenyl)sulfonylamino]-1,2,3,4-
tetrahydrocarbazol-9-yl]propanoic acid)), could be necessary in case of lymphopenia, a predictor of disease

severity and outcomes.
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Figure 10. Structure of ramatroban (14).

Ramatroban (14), a selective PGD?2 inhibitor and IL-13 secretion stimulator (IC5o = 118 nM) may be needed to
restore immune dysfunction during the symptomatic phase of COVID-19. Also, in 2002, Chiang et al. B4 reported
in a review that 14 produces beneficial effects at all stages of SARS-CoV-2 infection as it is an immunomodulator,
antithrombotic, anti-inflammatory, and antifibrotic agent. For these reasons, drug 14 gave relief of dyspnea and
hypoxemia in patients with COVID-19 and, as reported in the study by Ogletree et al. 33 in 2022, it was possible to

avoid hospitalization.

References

https://encyclopedia.pub/entry/41436 10/13



Carbazoles Treatment for COVID-19 Infection | Encyclopedia.pub

10.

11.

12.

. Zhang, L.; Lin, D.; Sun, X.; Curth, U.; Drosten, C.; Sauerhering, L.; Becker, S.; Rox, K.; Hilgenfeld,

R. Crystal structure of SARS-CoV-2 main protease provides a basis for design of improved a-
ketoamide inhibitors. Science 2020, 368, 409-412.

. Kong, R.; Yang, G.; Xue, R.; Liu, M.; Wang, F.; Hu, J.; Guo, X.; Chang, S. COVID-19 Docking

Server: A meta server for docking small molecules, peptides and antibodies against potential
targets of COVID-19. Bioinformatics 2020, 36, 5109-5111.

. Tang, B.; He, F; Liu, D.; He, F.; Wu, T.; Fang, M.; Niu, Z.; Wu, Z.; Xu, D. Al-aided design of novel

targeted covalent inhibitors against SARS-CoV-2. Biomolecules 2022, 12, 746.

. Gimeno, A.; Mestres-Truyol, J.; Ojeda-Montes, M.J.; Macip, G.; Saldivar-Espinoza, B.; Cereto-

Massagué, A.; Pujadas, G.; Garcia-Vallvé, S. Prediction of Novel Inhibitors of the Main Protease
(M-pro) of SARS-CoV-2 through Consensus Docking and Drug Reposition. Int. J. Mol. Sci. 2020,
21, 3793.

. Abdel-Halim, H.; Hajar, M.; Hasouneh, L.; Abdelmalek, S.M.A. Identification of Drug Combination

Therapies for SARS-CoV-2: A Molecular Dynamics Simulations Approach. Drug Des. Dev. Ther.
2022, 16, 2995-3013.

. Vasanthakumar, N. Beta-Adrenergic Blockers as a Potential Treatment for COVID-19 Patients.

BioEssays 2020, 42, 2000094—-2000102.

. Zhou, Y.; Hou, Y.; Shen, J.; Huang, Y.; Martin, W.; Cheng, F. Network-based drug repurposing for

novel coronavirus 2019-nCoV/SARS-CoV-2. Cell Discov. 2020, 6, 14.

. Wu, C,; Liu, Y.; Yang, Y.; Zhang, P.; Zhong, W.; Wang, Y.; Wang, Q.; Xu, Y.; Li, M.; Li, X. Analysis

of Therapeutic Targets for Sars-Cov-2 and Discovery of Potential Drugs by Computational
Methods. Acta Pharm. Sin. B 2020, 10, 766—788.

. Najmeddin, F.; Solhjoo, M.; Ashraf, H.; Salehi, M.; Rasooli, F.; Ghoghaei, M.; Soleimani, A.;

Bahreini, M. Effects of Renin-Angiotensin-Aldosterone Inhibitors on Early Outcomes of
Hypertensive COVID-19 Patients: A Randomized Triple-Blind Clinical Trial. Am. J. Hypertens.
2021, 34, 1217-1226.

Zhang, P.; Zhu, L.; Cai, J.; Lei, F; Qin, J.J.; Xie, J.; Liu, Y.M.; Zhao, Y.C.; Huang, X.; Lin, L.; et al.
Association of inpatient use of angiotensin converting enzyme inhibitors and angiotensin Il
receptor blockers with mortality among patients with hypertension hospitalized with COVID-19.
Circ. Res. 2020, 126, 1671-1681.

Onohuean, H.; Al Kuraishy, H.M.; Al Gareeb, A.l.; Qusti, S.; Alshammari, E.M.; El Saber Batiha, G.
Covid 19 and development of heart failure: Mystery and truth. Naunyn Schmiedebergs Arch.
Pharmacol. 2021, 394, 2013-2021.

Skayem, C.; Ayoub, N. Carvedilol and COVID-19: A potential role in reducing infectivity and
infection severity of SARS-CoV-2. Am. J. Med. Sci. 2020, 360, 300.

https://encyclopedia.pub/entry/41436 11/13



Carbazoles Treatment for COVID-19 Infection | Encyclopedia.pub

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Amirshahrokhi, K.; Khalili, A.R. Carvedilol attenuates paraquatinduced lung injury by inhibition of
proinfammatory cytokines, chemokine MCP-1, NF-kB activation and oxidative stress mediators.
Cytokine 2016, 88, 144-153.

Congly, S.E.; Sadler, M.D.; Abraldes, J.G.; Tandon, P.; Lee, S.S.; Burak, K.W. Practical
management of esophageal varices in the context of SARS-CoV-2 (COVID19): The Alberta
protocol. Can. Liver J. 2020, 3, 300-303.

Jadhayv, K.P.; Jariwala, P.V. Ivabradine versus carvedilol in the management of palpitation with
sinus tachycardia among recovered COVID-19 patients. J. Cardiol. Cardiovasc. Med. 2020, 1,
10-14.

Servato, M.L.; Valente, F.X.; Garcia-Moreno, L.G.; Casas, G.; Galera, R.F.; Burcet, G.; Teixido-
Tura, G.; Calabria, H.C.; Gonzélez, I.F.; Rodriguez-Palomares, J.F. Intraventricular conundrum in
a SARS-CoV-2—positive patient with elevated biomarkers of myocardial injury. JACC Case Rep.
2021, 3, 566-572.

Owen, L.; Laird, K.; Shivkumar, M. Antiviral plant-derived natural products to combat RNA viruses:
Targets throughout the viral life cycle. Lett. Appl. Microbiol. 2021, 75, 476—499.

Balakrishnan, R.; Vijayraja, D.; Jo, S.H.; Ganesan, P.; Su-Kim, I.; Choi, D.K. Medicinal profle,
phytochemistry, and pharmacological activities of Murraya koenigii and its primary bioactive
compounds. Antioxidants 2020, 9, 101.

Caruso, A.; Ceramella, J.; lacopetta, D.; Saturnino, C.; Mauro, M.V.; Bruno, R.; Aquaro, S.;
Sinicropi, M.S. Carbazole Derivatives as Antiviral Agents: An Overview. Molecules 2019, 24,
1912.

Wadanambi, P.M.; Jayathilaka, N.; Seneviratne, K.N. A Computational Study of Carbazole
Alkaloids from Murraya koenigii as Potential SARS CoV 2 Main Protease Inhibitors. Appl.
Biochem. Biotechnol. 2022, 195, 573-596.

Schultes, S.; De Graaf, C.; Haaksma, E.E.; De Esch, I.J.; Leurs, R.; Kramer, O. Ligand efciency
as a guide in fragment hit selection and optimization. Drug Discov. Today Technol. 2010, 7, e157—
el62.

Guo, Z. The modifcation of natural products for medical use. Acta Pharm. Sin. B. 2017, 7, 119—-
136.

Terall, K.; Baddal, B.; Gilcan, H.O. Prioritizing potential ACE2 inhibitors in the COVID-19
pandemic: Insights from a molecular mechanics-assisted structure-based virtual screening
experiment. J. Mol. Graph. Model. 2020, 100, 107697-107706.

Scialo, F.; Daniele, A.; Amato, F.; Pastore, L.; Matera, M.G.; Cazzola, M.; Castaldo, G.; Bianco, A.
ACE2: Te major cell entry receptor for SARS-CoV-2. Lung 2020, 198, 867-877.

https://encyclopedia.pub/entry/41436 12/13



Carbazoles Treatment for COVID-19 Infection | Encyclopedia.pub

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Serra, A.; Fratello, M.; Federico, A.; Ojha, R.; Provenzani, R.; Tasnadi, E.; Cattelani, L.; del
Giudice, G.; Kinaret, P.A.S.; Saarimaki, L.A.; et al. Computationally prioritized drugs inhibit SARS-
CoV-2 infection and syncytia formation. Brief. Bioinform. 2022, 23, bbab507.

Sampath, D.; Cortes, J.; Estrov, Z.; Du, M.; Shi, Z.; Andreeff, M.; Gandhi, V.; Plunkett, W.
Pharmacodynamics of cytarabine alone and in combination with 7- hydroxystaurosporine (UCN-
01) in AML blasts in vitro and during a clinical trial. Blood 2006, 107, 2517-2524.

Santos, F.P.S.; Kantarjian, H.; Cortes, J.; Quintas-Cardama, A. Bafetinib, a dual BcrAbl/Lyn
tyrosine kinase inhibitor for the potential treatment of leukemia. Curr. Opin. Investig. Drugs 2010,
11, 1450-1465.

Cheshenko, N.; Bonanno, J.B.; Hoffmann, H.H.; Jangra, R.K.; Chandran, K.; Rice, C.M.; Almo,
S.C.; Herold, B.C. Cell-impermeable staurosporine analog targets extracellular kinases to inhibit
HSV and SARS-CoV-2. Commun. Biol. 2022, 5, 1096-1110.

Tanimoto, K.; Hirota, K.; Fukazawa, T.; Matsuo, Y.; Nomura, T.; Tanuza, N.; Hirohashi, N.; Bono,
H.; Sakaguchi, T. Inhibiting SARS CoV 2 infection in vitro by suppressing its receptor, angiotensin
converting enzyme 2, via aryl hydrocarbon receptor signal. Sci. Rep. 2021, 11, 16629-16640.

Matsuyama, S.; Nao, N.; Shirato, K.; Kawase, M.; Saito, S.; Takayama, |.; Nagata, N.; Sekizuka,
T.; Katoh, H.; Kato, F.; et al. Enhanced isolation of SARS-CoV-2 by TMPRSS2-expressing cells.
Proc. Natl. Acad. Sci. USA 2020, 117, 7001-7003.

Garcia-Dorival, I.; Cuesta-Geijo, M.A.; Barrado-Gil, L.; Galindo, I.; Garaigorta, U.; Urquiza, J.; del
Puerto, A.; Campillo, N.E.; Martinez, A.; Gastaminza, P.; et al. Identification of Niemann-Pick C1
protein as a potential novel SARS-CoV-2 intracellular target. Antivir. Res. 2021, 194, 105167—
105176.

Elkaeed, E.B.; Metwaly, A.M.; Alesawy, M.S.; Saleh, A.M.; Alsfouk, A.A.; Eissa, I.H. Discovery of
Potential SARS-CoV-2 Papain-like Protease Natural Inhibitors Employing a Multi-Phase In Silico
Approach. Life 2022, 12, 1407.

Gupta, A.; Chiang, K.C. Prostaglandin D2 as a mediator of lymphopenia and a therapeutic target
in COVID-19 disease. Med. Hypotheses 2020, 143, 110122-110124.

Chiang, K.C.; Rizk, J.G.; Nelson, D.J.; Krishnamurti, L.; Subbian, S.; Imig, J.D.; Khan, I.; Reddy,
S.T.; Gupta, A. Ramatroban for chemoprophylaxis and treatment of COVID-19: David takes on
Goliath. Expert Opin. Ther. Targ. 2022, 26, 13-28.

Ogletree, M.L.; Kulshreshta, R.; Agarwal, A.; Agarwal, A.; Gupta, A. Treatment of COVID-19
Pneumonia and Acute Respiratory Distress with Ramatroban, a Thromboxane A2 and
Prostaglandin D2 Receptor Antagonist: A Four-Patient Case Series Report. Front Pharmacol.
2022, 13, 904020-904037.

Retrieved from https://www.encyclopedia.pub/entry/history/show/93371

https://encyclopedia.pub/entry/41436 13/13



