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a b s t r a c t 

Knowing the ability of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) to bind to the 

angiotensin-converting enzyme 2 (ACE2) receptor and to enter cells via endocytosis paved the way for 

repositioning of old drugs as potential treatment of COVID-19, the disease caused by SARS-CoV-2 infec- 

tion. This paper highlights the potential of azithromycin and ambroxol to treat COVID-19. Azithromycin 

and ambroxol share lysosomotropic characteristics, i.e. they penetrate and accumulate inside the late en- 

dosomes and lysosomes and may possibly interfere with multiplication of the virus inside cells. In ad- 

dition, both of these drugs have anti-inflammatory effects. Ambroxol has a proven antiviral effect and 

a unique stimulatory action on the secretion of surfactant by alveolar type II cells, the main target of 

SARS-CoV-2. Surfactant may form a fundamental defence mechanism against the virus. Involvement of 

nasal epithelial cells in SARS-CoV-2 entry suggested advantageous use of inhaled drug delivery of these 

two drugs over the use of systemic administration. Inhaled drug delivery could aid in targeting the drug 

to the exact site of action with little or no side effects. To conclude, administration of these two drugs 

using a special drug delivery system provides two kinds of drug targeting: (i) tissue targeting through 

using an inhaled drug delivery system to achieve high drug concentrations at the respiratory epithelial 

tissue that overexpress the ACE2 receptor for virus binding; and (ii) cellular targeting of the virus in the 

acidic vesicles (late endosomes and lysosomes), which represent the fate of endocytic viruses. 

© 2020 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved. 
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. Introduction 

Coronaviruses (CoVs) belong to the family Coronaviridae that 

onsists of four genera, α-CoVs, β-CoVs, γ -CoVs and δ-CoVs. The 

iruses responsible for the outbreak in China in 2003, known as se- 

ere acute respiratory syndrome coronavirus (SARS-CoV), as well as 

he second outbreak caused by Middle East respiratory syndrome 

oronavirus (MERS-CoV) that caused severe acute respiratory dis- 

ase in the Middle East in 2012 are β-CoVs [1] . 

In the last week of 2019, a novel coronavirus, now know 

s severe acute respiratory syndrome coronavirus 2 (SARS-CoV- 

), caused an outbreak in Wuhan, China. It is believed that it 

tarted in a seafood market and then spread very rapidly through 

uhan City and China. The disease caused by this virus has been 

amed coronavirus disease 2019 (COVID-19). SARS-CoV-2 spread 

ery quickly in China and then to many other countries, causing 

 life-threatening global pandemic. 

Clinical features of COVID-19 include fever, cough and pneumo- 

ia leading to death in certain cases [2] . Reported deaths in Eu- 
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ope have increased in a way that every effort should be made to 

ork together to fight the disease. On 12 March 2020, the World 

ealth Organization (WHO) announced COVID-19 as a worldwide 

andemic. To date, millions of people worldwide have been in- 

ected with SARS-CoV-2 and hundreds of thousands have died due 

o COVID-19. 

Many pharmacological and non-pharmacological treatments 

ave been tried and a total of 238 registered clinical trials 

ere conducted before the end of February 2020, some of 

hem including repositioning of old drugs ( https://www.cebm. 

et/oxford- covid- 19/covid- 19- registered- trials- and- analysis/ ). Sev- 

ral reports suggested lysosomotropic agents such as chloroquine 

nd hydroxychloroquine as potential pharmacological treatments. 

ndeed, hydroxychloroquine has been used in China and other 

ountries and it has been shown that hydroxychloroquine is effec- 

ive against SARS-CoV-2 in vitro [3] . 

. Lysosomotropic agents 

Lysosomotropic agents are cationic (basic) drugs that are pro- 

onated and become trapped inside the late endosomes or lyso- 

omes. This process is known as lysosomal trapping where any 
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ipophilic (logP > 1) or amphiphilic drug with ionisable amines 

pKa > 6) can accumulate in lysosomes. This process contributes 

o pre-systemic extraction of drugs by lysosome-rich organs such 

s the liver and lungs [4] . 

The pH gradient between the neutral cytosol (pH 7.0–7.2) and 

he acidic lysosome (pH 4.5–5) is the major driving force deliver- 

ng lysosomotropic drugs into the lysosomes via passive diffusion 

5] . This is followed by a protonation step of basic groups in the 

cidic environment of lysosomes or any acidic counterparts such as 

ate endosomes, which converts the neutral molecule into a proto- 

ated molecule that cannot diffuse out of the lipid bilayer. Lysoso- 

al trapping during cellular drug uptake leads to extremely high 

rug concentrations within the lysosome in comparison with the 

ytosol [6] . 

.1. Endocytosis as a mode of cellular uptake of coronaviruses 

Briefly, endocytosis acts as the main mechanism for CoV up- 

ake into various cell types. However, of the different endocyto- 

is routes, clathrin-mediated endocytosis and cathepsin-mediated 

 protein cleavage are the two critical endocytic pathways for viral 

ntrance and infection of SARS-CoV-2 [7] . 

Following endocytosis, internalised cargoes enter the early en- 

osome where they are either recovered for recycling to the 

lasma membrane or are delivered to the late endosome that fuses 

ith the lysosome for subsequent degradation [8] . The main func- 

ions of the endocytic pathways are for retrieval and recycling of 

nternalised cargo proteins. These processes play key roles in the 

athophysiology of some human diseases such as viral infections 

nd neurodegenerative diseases, e.g. Parkinson’s disease [ 9 , 10 ]. 

Possible involvement of the endocytic pathways as a cellular 

ptake mechanism of the newly emerging SARS-CoV-2 has been 

eported [11] . It is now known that SARS-CoV-2 can enter host 

ells utilising the same receptor as SARS-CoV, namely angiotensin- 

onverting enzyme 2 (ACE2) [12] . ACE2 receptors are present in the 

pithelium of the human lungs and small intestine [13] . However, 

ery recently, ACE2 receptors were also identified in the epithelial 

ells of the nose and upper respiratory tract [14] . Another recent 

tudy showed that although SARS-CoV-2 binds to the same ACE2 

eceptor as SARS-CoV, binding in the case of SARS-CoV-2 is with 

igher affinity than for SARS-CoV [15] . Knowing that SARS-CoV-2 

an enter cells through endocytosis may explain the effectiveness 

f some lysosomotropic agents such as chloroquine and hydroxy- 

hloroquine [ 16 , 17 ]. 

.2. The importance of autophagy 

Autophagy is a highly conserved process in which intracellu- 

ar components such as damaged organelles and protein aggre- 

ates are sequestered into a double-membrane vesicle called the 

utophagosome. The autophagosome then fuses with the lysosome 

o form the autolysosome for degradation and ultimate recycling of 

he resulting macromolecules [ 18 , 19 ]. Autophagy plays a vital role 

s a host defence mechanism against viral infections [20] . In the 

ase of MERS-CoV, some viral proteins lead to the induction of in- 

omplete autophagy, however further work is needed to confirm 

he role of autophagy in the antiviral immune response [ 21 , 22 ]. 

. Repositioning or repurposing of two old drugs 

Owing to the high risk and rapid spread of COVID-19, there is 

n urgent need for an approved drug in order to save the lives of 

illions of people. Repositioning of old drugs is a good approach 

o introduce drugs in a short time without waiting for lengthy pre- 

linical and clinical studies. This article suggests the repositioning 

f two drugs, namely azithromycin and ambroxol. 
2 
.1. Azithromycin 

Azithromycin, which is a member of the macrolide class of 

ntibiotics used for infectious diseases, was approved by the US 

ood and Drug Administration (FDA) in 2002. Two characteristics 

f azithromycin proposed it as a potential therapy for SARS-CoV-2 

nfection. 

First, azithromycin has favourable physicochemical properties. It 

s a dicationic drug with high lipid solubility (logP = 3.03) that can 

ccumulate in the acidic cellular compartment, meaning it can be 

onsidered a lysosomotropic agent. Indeed, azithromycin has dis- 

inctive effects on endocytosis; it not only interferes with the acid- 

fication process but also helps in dissecting various steps of the 

ndocytic apparatus, including fusogenicity with lysosomes [23] . 

Second, azithromycin has an antiproliferative and autophagic ef- 

ect on airway smooth muscle [24] . In addition, azithromycin in- 

ibits arachidonic acid release and prostaglandin E2 synthesis, with 

onsequent impairment of lysosome function that may lead to an 

nti-inflammatory effect [25] . 

An inhaled formulation of azithromycin may be advantageous. 

t can be prepared as a dry powder for inhalation using spray- 

rying technology with the aid of a suitable diluent. A dry powder 

ormulation of azithromycin was successfully achieved with good 

nhaler characteristics suitable for inhalation delivery [26] . 

Very recently, supportive evidence came from French studies 

bout the potential benefit of azithromycin in treating COVID-19. 

hese studies indicated that using azithromycin in combination 

ith hydroxychloroquine resulted in a beneficial effect in the treat- 

ent of COVID-19 at an early stage and might reduce the conta- 

iousness of the disease [ 27 , 28 ]. However, these studies were ob- 

ervational studies conducted on small numbers of patients and 

here are arguments about the safety of such a combination. Nev- 

rtheless, there is a need for well-designed controlled studies to 

onfirm the assumed role of azithromycin. 

.2. Ambroxol 

Ambroxol is a mucolytic agent used in the treatment of res- 

iratory diseases. Ambroxol is a basic (pKa = 9.01) cationic drug 

ith lipophilic properties (logP = 2.9), enabling it to act as a lyso- 

omotropic agent. In addition, ambroxol exhibits a novel mecha- 

ism by accumulating in lamellar bodies and acting as a lysosomal 

ecretagogue. This may also play a role in its use for lysosomal 

torage diseases [29] . Moreover, ambroxol can induce autophagy, 

hich may have a role in fighting SARS-CoV-2 [30] . 

The main effect of ambroxol is on mucus regulation, however 

 wide range of pharmacological effects of ambroxol have been 

onfirmed, including anti-inflammatory, reduction of arachidonic 

cid metabolites and pro-inflammatory cytokines, and antioxi- 

ant properties. In addition, ambroxol aids in the enhancement 

f local defence molecules involved in respiratory viral replication 

31] . 

It has been reported that SARS-CoV-2 binds to alveolar type 2 

AT2) epithelial cells where ACE2 receptors are highly expressed 

32] . AT2 cells are responsible for the production of surfactant. One 

echanism of action of ambroxol is to act specifically on AT2 cells 

nd to stimulate the release of surfactant, which aids in preventing 

nfluenza virus multiplication and in maintaining alveolar function 

nd preventing alveolar collapse [33] . 

The antiviral effect of ambroxol may be due to upregulation of 

atural inhibitors of proteases that represents a potential thera- 

eutic approach to suppress viral airway replication. A study con- 

ucted on rats showed that treatment of animals with ambroxol 

rior to infection with influenza A virus led to a substantial sup- 

ression of virus multiplication as well as improved survival [33] . 
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Despite the presence of registered clinical trials on the pro- 

rug bromhexine, the precursor of ambroxol ( https://clinicaltrials. 

ov/ct2/show/NCT04355026 ), there is no registered clinical trial on 

mbroxol in COVID-19. Interestingly, one Chinese study mentioned 

he use of ambroxol as symptomatic treatment of cough in children 

ith COVID-19 [34] . In addition, there are three case reports men- 

ioning the use of ambroxol as symptomatic treatment for relief of 

hlegm [ 35 , 36 ]. 

As mentioned previously, there is evidence that SARS-CoV-2 

ay invade host cells through binding to ACE2 receptors present 

n the nasal cavity. Accordingly, inhaler administration of ambroxol 

ay represent an efficient delivery method of ambroxol to the tar- 

et site with fewer systemic side effects. Notably, ambroxol inhala- 

ion has been approved as an efficient and convenient therapy for 

ther respiratory diseases [37] and is available in some countries 

s an ampule for inhalation. 

. Conclusion 

Both azithromycin and ambroxol have lysosomotropic proper- 

ies, allowing these two drugs to block virion infectivity. In addi- 

ion, they have anti-inflammatory effects, while ambroxol has an 

dditional proven antiviral effect and a surfactant stimulatory ef- 

ect that may contribute in the innate immune mechanism against 

he virus. 

The point highlighted here is the necessity of exploiting re- 

ent knowledge about the involvement of nasal epithelial cells 

n SARS-CoV-2 entry as well as knowledge of the involvement 

f endocytosis as a cellular uptake mechanism for SARS-CoV-2. 

his work suggests the repositioning of two old drugs, namely 

zithromycin and ambroxol, with the advantageous use of inhaler 

rug delivery over the use of systemic administration. Further in- 

estigations are required to confirm the effectiveness of these two 

rugs. It is worth mentioning here that both of these candidates 

azithromycin and ambroxol) lack the serious side effects encoun- 

ered with other lysosomotropic agents such as chloroquine and 

ydroxychloroquine. 
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