
Thomas Jefferson University Thomas Jefferson University 

Jefferson Digital Commons Jefferson Digital Commons 

Center for Translational Medicine Faculty 
Papers Center for Translational Medicine 

2-3-2021 

Chloroquine: Autophagy inhibitor, antimalarial, bitter taste Chloroquine: Autophagy inhibitor, antimalarial, bitter taste 

receptor agonist in fight against COVID-19, a reality check? receptor agonist in fight against COVID-19, a reality check? 

Pawan Sharma 
Thomas Jefferson University 

Kielan D. McAlinden 
University of Tasmania 

Saeid Ghavami 
Rady College of Medicine 

Deepak A. Deshpande 
Thomas Jefferson University 

Follow this and additional works at: https://jdc.jefferson.edu/transmedfp 

 Part of the Infectious Disease Commons, and the Translational Medical Research Commons 

Let us know how access to this document benefits you 

Recommended Citation Recommended Citation 
Sharma, Pawan; McAlinden, Kielan D.; Ghavami, Saeid; and Deshpande, Deepak A., "Chloroquine: 
Autophagy inhibitor, antimalarial, bitter taste receptor agonist in fight against COVID-19, a reality check?" 
(2021). Center for Translational Medicine Faculty Papers. Paper 81. 
https://jdc.jefferson.edu/transmedfp/81 

This Article is brought to you for free and open access by the Jefferson Digital Commons. The Jefferson Digital 
Commons is a service of Thomas Jefferson University's Center for Teaching and Learning (CTL). The Commons is 
a showcase for Jefferson books and journals, peer-reviewed scholarly publications, unique historical collections 
from the University archives, and teaching tools. The Jefferson Digital Commons allows researchers and interested 
readers anywhere in the world to learn about and keep up to date with Jefferson scholarship. This article has been 
accepted for inclusion in Center for Translational Medicine Faculty Papers by an authorized administrator of the 
Jefferson Digital Commons. For more information, please contact: JeffersonDigitalCommons@jefferson.edu. 

https://jdc.jefferson.edu/
https://jdc.jefferson.edu/transmedfp
https://jdc.jefferson.edu/transmedfp
https://jdc.jefferson.edu/translational
https://jdc.jefferson.edu/transmedfp?utm_source=jdc.jefferson.edu%2Ftransmedfp%2F81&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/689?utm_source=jdc.jefferson.edu%2Ftransmedfp%2F81&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1124?utm_source=jdc.jefferson.edu%2Ftransmedfp%2F81&utm_medium=PDF&utm_campaign=PDFCoverPages
https://library.jefferson.edu/forms/jdc/index.cfm
http://www.jefferson.edu/university/teaching-learning.html/


 1 

Chloroquine: autophagy inhibitor, antimalarial, bitter taste receptor agonist in fight 

against COVID-19, a reality check? 

 

Pawan Sharma1*, Kielan D. McAlinden2, Saeid Ghavami3, Deepak A. Deshpande1 

 

 

 

 
1Center for Translational Medicine, Division of Pulmonary, Allergy and Critical Care 

Medicine, Jane & Leonard Korman Respiratory Institute, Sidney Kimmel Medical College, 

Thomas Jefferson University, Philadelphia, PA, USA 19107 
2Department of Laboratory Medicine, School of Health Sciences, University of Tasmania, 

Launceston, Tasmania 7248, Australia. 
3Department of Human Anatomy and Cell Science, Rady College of Medicine, Max Rady 

Faculty of Health Sciences, University of Manitoba, Winnipeg, Canada. 

 

 

 

 
*Correspondence: 

Pawan Sharma, PhD 

Center for Translational Medicine  

Thomas Jefferson University  

Philadelphia, PA 19107 

E-mail: pawan.sharma@jefferson.edu 

 

 

 

 

 

 

 

mailto:pawan.sharma@jefferson.edu


 2 

Abstract 

 

 

The recent SARS-CoV-2 pandemic poses one of the greatest challenges to modern 

medicine. Therefore, identification of new therapeutic strategies seems essential either based 

on novel vaccines or drugs or simply repurposing existing drugs. Notably, due to their known 

safety profile, repurposing of existing drugs is the fastest and highly efficient approach to 

bring a therapeutic to a clinic for any new indication. One such drug that has been used 

extensively for decades is chloroquine (CQ, with its derivatives) either for malaria, lupus and 

rheumatoid arthritis. Accumulating body of evidence from experimental pharmacology 

suggests that CQ and related analogues also activate certain pathways that can potentially be 

exploited for therapeutic gain. For example, in the airways, this has opened an attractive 

avenue for developing novel bitter taste ligands as a new class of bronchodilators for asthma. 

While CQ and its derivatives have been proposed as a therapy in COVID-19, it remains to be 

seen whether it really work in the clinic? To this end, our perspective aims to provide a 

timely yet brief insights on the existing literature on CQ and the controversies surrounding its 

use in COVID-19. Further, we also highlight some of cell-based mechanism(s) that CQ and 

its derivatives affect in mediating variety of physiological responses in the cell. We believe, 

data emanating from the clinical studies and continual understanding of the fundamental 

mechanisms may potentially help in designing effective therapeutic strategies that meets both 

efficacy and safety criteria for COVID-19. 

 

 

 

 

 

 

Key words: chloroquine, bitter taste receptor, SARS-CoV2, COVID-19 

 

 

 

 

 
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 3 

1. Introduction 

 

The coronavirus disease-2019 (COVID-19) pandemic has infected over 85 million 

people resulting in over 1.8 million deaths worldwide (Source: Johns Hopkins University 

(Dong et al., 2020)). The continual infection rate and death has turned into a global 

catastrophe and there is an intense search for effective drug therapy (Gates, 2020). Despite 

unproven clinical effectiveness and safety in COVID-19 patients, chloroquine (CQ) and 

hydroxychloroquine (HCQ) entered the spotlight as a potential candidate for treating this new 

viral disease. Limited clinical data suggest that CQ (and HCQ) is beneficial in allergic asthma 

and may provide further relief in steroid-resistant conditions (Charous, 1990, 1991; Charous 

et al., 1998; Goldstein, 1983). As lung cells are the primary target cell type(s) involved in the 

pathogenesis of COVID-19 infection, key molecular insights can be obtained from the 

published literature on CQ in the pulmonary system. Preliminary findings from observational 

clinical studies during COVID-19 pandemic have been recently published. In here, we sought 

to provide timely yet brief insights on the existing literature on CQ and the controversies 

surrounding its use in COVID-19. Further, we also highlight some of cell-based 

mechanism(s) by which CQ and its derivatives affect variety of physiological responses in 

the airway cells. 

 

1.1 Discovery of Chloroquine and its Potential Role in Viral Infections 

Hans Andersag’s discovery of CQ occurred in 1934 but was deemed too toxic for 

human use. Clinical use of CQ remained unexplored and unstudied for many years, until the 

therapeutic value of CQ in the fight against malaria was acknowledged and clinically 

unveiled in 1947 (Solomon and Lee, 2009). CQ was originally used as a prophylactic 

antimalarial drug, new purpose for CQ was found as an anti-arthritis drug (Homewood et al., 

1972). CQ and its derivative hydroxychloroquine (HCQ) are now used in clinical trials aimed 

at suppressing tumors through autophagy inhibition (Chude and Amaravadi, 2017; Maycotte 

et al., 2012). Interest in the potential antiviral properties of CQ appears to stem from the time 

during the emergence of severe acute respiratory syndrome (SARS) and accompanying 

discovery of the first strain of SARS coronavirus (SARS-CoV-1) in the early 2000s (Vincent 

et al., 2005a). CQ has been highlighted for its potential therapeutic benefit in the treatment of 

HIV-1/AIDS and severe acute respiratory syndrome (SARS) (Savarino et al., 2003; Savarino 

et al., 2006).  

Numerous studies have shown significant reduction in viral load with CQ treatment 

both in vitro and in vivo (Joshi et al., 2004; Pardridge et al., 1998; Savarino et al., 2003; 

Sperber et al., 1993; Tsai et al., 1990). In cellular models, CQ/HCQ have anti-SARS-CoV-2 

activity with EC50 values in lower to sub mM range (Yao et al., 2020). Mechanistically, it is 

postulated that CQ affects the early stage of SARS-CoV replication in vitro, with the 

interference in glycosylation of the SARS-CoV binding site of angiotensin converting 

enzyme 2 (ACE2, an entry receptor for SARS-CoV) (Keyaerts et al., 2004; Vincent et al., 

2005a). These studies also implied that CQ may inhibit the biosynthesis of sialic acid (Kwiek 

et al., 2004; Savarino et al., 2006) and given the presence of sialic acid moieties in both HIV 

and ACE2, the antiviral effectiveness of CQ may also involve inhibition of sialic acid 

biosynthesis (Savarino et al., 2006). Budding of the SARS-CoV-1 virus was identified to 

occur in the Golgi complex, where the envelopment with spike glycoproteins adorned with 

ACE2 occurs (Li et al., 2003; Ng et al., 2003). When cells are treated with CQ, its protonated 

form accumulates in lysosomes and Golgi. More specifically, viral infection is blocked by 

CQ through an increase in pH, thereby preventing virus fusion and disrupting Golgi-mediated 

glycosylation of spike glycoproteins and ACE2 (Vincent et al., 2005b).  
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1.2 Chloroquine in COVID-19: Current Clinical Evidence and a Cautionary Note 

Therapeutic administration of CQ has been demonstrated to effectively improve 

survival rate in mice infected with live influenza A H5N1 virus, which is particularly lethal in 

humans (Wang and Jiang, 2009; Yan et al., 2013). CQ has shown to be effective in acute lung 

injury induced by the H5N1 virus in this model (Yan et al., 2013). However, randomized, 

double-blind, placebo controlled clinical trial testing the potential efficacy of CQ as a 

prophylactic agent for influenza virus did not provide a favorable outcome (Paton et al., 

2011). These results suggest that the preclinical efficacy of CQ did not translate into a desired 

clinical outcome against H5N1 virus. 

The world has succumbed to the 2020 pandemic with a novel coronavirus, SARS-

CoV-2, identified as the responsible pathogen (Habibzadeh et al., 2020; Moradian et al., 

2020; Zhou et al., 2020b). Preliminary studies tested several FDA approved drugs such as 

ribavirin, penciclovir, nitazoxanide, nafamostat, CQ and two broad-spectrum antiviral drugs 

remdesivir (GS-5734) and favipiravir (T-705) against a clinical isolate of SARS-CoV-2. 

Remdesivir (Half maximal effective concentration (EC50) = 0.77 μM; selectivity index 

(SI) > 129.87) and CQ (EC50 = 1.13 μM, SI > 88.50) potently blocked virus infection at low-

micromolar concentration and showed high SI, while other drugs showed anti-viral activity at 

high µM concentrations (Wang et al., 2020a). While the in vitro finding has been validated in 

a clinical trial with Remdesivir where it has shown to marginally reduce the hospital stay for 

COVID-19 patients (Wang et al., 2020b), evidence with CQ has not been encouraging to 

date. 

At the initial epicenter of the pandemic in Wuhan, chloroquine phosphate tablet, 500 

mg twice daily, was recommended for the treatment of mild, moderate and severe cases of 

COVID-19 after expert consensus and discussion (2020). The call for the use of 

hydroxychloroquine (HCQ), instead of CQ, quickly followed (Liu et al., 2020; Zhou et al., 

2020a). HCQ has a lower level of tissue accumulation, fewer side-effects and is globally 

more available than CQ (Schrezenmeier and Dorner, 2020). HCQ is a less toxic 

aminoquinoline than CQ with a strong immunomodulatory effect (Barnard et al., 2006; 

McChesney, 1983; Sahraei et al., 2020). The right concentration of HCQ is likely to be as 

effective as CQ in inhibiting SARS-CoV-2 infection but scientific evidence is currently 

lacking (Gao et al., 2020). An open label non-randomized clinical trial showed that HCQ 

treatment alone significantly reduced viral load in COVID-19 patients, and HCQ effect was 

further reinforced by azithromycin (Gautret et al., 2020). The sample size of 42 patients used 

here was particularly small, and the groups of this study were not randomized.  Further, 

another small observational study by Chen et al. on 62 patients found that HCQ significantly 

shortened time to clinical recovery by 2.2 days and promoted the resolution  of pneumonia 

(Chen et al., 2020). In a high impact observational study on >1400 patients Geleris et al. 

found no benefit with HCQ in lowering or reducing risk of intubation or death in COVID-19 

patients who were admitted to the hospital (Geleris et al., 2020). One of the main limitations 

of this study was the selection of patients for HCQ arm, HCQ-treated patients were severely 

ill at baseline than those who did not receive HCQ. The authors of the study suggested to 

conduct a randomized clinical trial to fully establish the clinical efficacy of CQ and HCQ in 

COVID-19. New clinical trial results emerged during past months clearly demonstrated that 

CQ/HCQ alone and in combination with other agents such as azithromycin did not show any 

benefit in COVID-19 (Abd-Elsalam et al., 2020; Cavalcanti et al., 2020; Group et al., 2020). 

Currently, NIH has halted all clinical trials on CQ/HCQ in COVID-19 which again creates a 

major challenge to get highly reliable data from double blind randomized clinical trials with 

these drugs in future. Consequent to this, the FDA strongly advised against the use of CQ of 

HCQ as treatment for COVID-19. This avenue of treatment is for now terminated for safer 

and more efficacious drugs such as statins, anti-helminthic, anti-retro viral agents. And with 
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the approval of two mRNA-based vaccines and many others in various stages of clinical 

development chances are less that CQ/HCQ will be retested robustly for COVID-19 using 

double blind placebo controlled randomized control trials. 

 

1.3.1 Early Clinical Evidence Supporting Chloroquine in Airways Disease 

  Early clinical studies from the 1980s and 1990s demonstrated that HCQ is a steroid-

sparing agent due to its anti-inflammatory effect making it a potentially good candidate for 

the treatment of severe asthma (Charous, 1990). Interest in CQ in asthma treatment slowed 

and lack of further clinical validation halted the progression of these early observations. In 

2010, a seminal work identified bitter taste receptors as a target for providing effective 

bronchodilation and a future anti-asthma therapy, these studies highlighted the effectiveness 

of CQ as a bitter ligand (Deshpande et al., 2010). Further, we have used CQ as an agonist of 

type II taste receptors (T2Rs) for studying airway smooth muscle functions including the 

involvement of T2R agonists in autophagy-related signaling in mitigating airway remodeling 

in experimental models of asthma (Pan et al., 2017). Whilst we and others may have found 

CQ to be a useful drug to study the mechanisms involved in promoting airway smooth 

muscle relaxation (Deshpande et al., 2010), it may provide additional beneficial effects 

particularly as an immunomodulator (McAlinden et al., 2019; Nayak et al., 2019a; Nayak et 

al., 2019b; Sharma et al., 2017). In the airways, specialized epithelial cells known as solitary 

chemosensory cells (SCCs) have been previously identified as epithelial chemosensors in the 

sinonasal mucosa that express T2Rs and respond to “bitter” irritants to promote local 

neurogenic inflammation (Saunders et al., 2014) and drive release of antimicrobial peptides 

(Lee et al., 2017; Lee et al., 2014). Similarly, in the upper airways SCCs are known to expand 

protective inflammatory signaling in response to viral infections (Kohanski et al., 2018; Patel 

et al., 2018). From the experience of H1N1 influenza, it was discovered that differentiation 

and proliferation of SCCs occur in the distal lung after influenza virus-induced injury while 

these cells are entirely absent in uninjured lungs (Kohanski et al., 2018; Patel et al., 2018). 

These observations may have direct implication in the treatment of COVID-19 as beneficial 

effect remains to be established in experimental models or in randomized clinical trials. 

CQ binds to the bitter taste receptors (expressed in SCCs and airway smooth muscle 

cells) namely TAS2R3, TAS2R7, TAS2R10 and TAS2R39 (Manson et al., 2014; Meyerhof 

et al., 2010). Stimulation of airway smooth muscle cells with CQ leads to airway relaxation 

(Deshpande et al., 2010; Pulkkinen et al., 2012). CQ has been tested in a prophylactic and 

treatment model of allergic airways disease (murine asthma). CQ mitigated airway 

inflammation, remodeling, mucus secretion and airway hyperresponsiveness, some of the 

cardinal features of allergen-induced asthma in mice (Sharma et al., 2017). CQ has been 

shown have an anti-mitogenic effect on airway smooth muscle, inhibiting the growth of 

human airway smooth muscle cells by activating T2Rs (Sharma et al., 2016) and more 

recently it has been shown that CQ can also target mitochondrial-signaling to reduce airway 

smooth muscle cell growth (Pan et al., 2017). These in vitro observations further confirmed 

the in vivo findings where CQ was found to be effective in targeting airway smooth muscle 

remodeling (McAlinden et al., 2019). CQ is also known to affect  macroautophagy 

(autophagy), a fundamental physiological process that occurs in all eukaryotic cells 

(Mizushima and Levine, 2010). Autophagy is also referred to as cell’s inner recycling 

mechanism, with a key role in maintaining cellular homeostasis. In an experimental model of 

allergic asthma in mice, CQ provided therapeutic benefit by affecting autophagy and by 

reducing TGFβ1-dependent profibrotic signalling (Halwani et al., 2011; McAlinden et al., 

2019).  

 

1.4 Chloroquine Targets Multiple Signaling Pathways 
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Studies using CQ to modulate autophagy in various experimental models both in vitro 

and in vivo has shown to be effective so far. CQ has a lower selectivity profile which may not 

provide an effective treatment for COVID-19. The main mechanism by which CQ inhibits 

autophagy is by preventing the fusion of the autophagosomes with lysosomes (Mauthe et al., 

2018). Independent of autophagy pathways, CQ can also induce a severe disorganization of 

the Golgi complex (Kellokumpu et al., 2002), which in turn could drive disruption of 

autophagolysosomes (Mauthe et al., 2018). CQ is used in an experimental setting to assess 

role of autophagy in multiple cell-types. CQ can also affect intracellular trafficking via 

autophagy pathway that potentially affect ACE2 cytosolic membrane exposure and 

interaction with SARS-CoV-2 thereby inhibiting entry of virus in the cell (Shojaei et al., 

2020). On the other hand, evidence suggests that CQ can inhibit cytokine secretion and 

therefore inhibit SARS-CoV-2 induced cytokine storm via inhibition of intracellular 

trafficking and regulation of unfolded protein response (Sureda et al., 2020; Zeki et al., 

2014). More detailed investigation is needed to establish a clear relevance of autophagy in 

COVID-19-induced lung pathology to further modulators of autophagy pathway as 

therapeutic agents (Drozdzal et al., 2020).  

 

As CQ and HCQ are being approved as “Off Label” drugs for COVID-19, in many 

jurisdictions, randomized controlled clinical trials must be carried out to prove whether these 

drugs are actually effective against COVID-19. Additionally, research effort must be directed 

to test inhaled formulations of CQ and HCQ as this approach will deliver drug locally into the 

lungs which is the target for COVID-19 entry. This approach may be advantageous in 

reducing the actual dose of CQ and HCQ which at higher doses do have serious adverse 

effects (Ciszowski et al., 2005; Weniger, 1979).  
 

Mechanisms by which CQ and HCQ can activate beneficial immune signaling during 

viral infection must be explored. Inhaled CQ is effective in reducing inflammation in both 

bronchoalveolar lavage (BAL) and in lung tissue in murine models of asthma. Further, 

evidence supports immunomodulatory function of CQ (Ben-Zvi et al., 2012), and like many 

other bitter ligands can activate SCCs that can help expand immune response in the lung 

during COVID-19 (Lee et al., 2017; Lee et al., 2014). We have shed some light on the 

potential mechanisms by which CQ and its derivatives may provide beneficial effects during 

lung infection. We believe that drugs which target lysosomes or the Golgi complex and 

disrupt the glycosylation and assembly of S proteins may also prove beneficial in treating 

SARS-CoV-2 associated infections and lung injury in humans (Dwek et al., 2002). 

Approaches targeting ER α-glucosidases I and II (involved in processing glycoproteins) and 

the ceramide-specific glucosyltransferase (involved in glucosphingholipid synthesis) could be 

a potential strategy for treating viral infections, without compromising the host cell (Dwek et 

al., 2002; Watanabe et al., 2019). Potential mechanisms by which CQ and HCQ may work in 

viral infections including SARS-CoV-2 induced COVID-19 are summarized in the schematic 

(Figure 2). 

In summary, although CQ or HCQ have been promoted as potential anti-COVID-19 

drugs, the evidence for their clinical effectiveness is insufficient in COVID-19. The USFDA 

has revoked Emergency Use Authorization (EUA) for CQ and HCQ as the known risks 

outweighs potential benefits with their use. CQ and its derivatives affect a multitude of 

mechanisms in the lung therefore further research is warranted to identify structurally similar 

drugs that are safe in viral associated diseases including COVID-19. 
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Figure Legends 
 

Figure 1. Timeline of chloroquine discovery and clinical use. 

 

 

Figure 2. A Multitude of mechanisms by which CQ/HCQ may work in COVID-19. 

CQ/HCQ may prevent the entry of virus (either by blocking endocytosis or inhibition of the 

N-glycosylation of the cell surface viral receptor ACE2 or the viral spike (S) proteins or 

inhibition of the synthesis of cell membrane sialic acids) and release of viral genome leading 

to reduction in transcription of inflammatory genes and induction of pro-inflammatory 

cytokines. CQ/HCQ can also modulate innate and adaptive immune cell activation, cytokine 

response and inflammation by various mechanisms that leads to reduction in cellular 

inflammation. CQ/HCQ also affects viral replication, assembly and budding of viral proteins 

leading to reduction in viral copies in the host cells.  
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