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Abstract 

 COVID-19 is a global pandemic with adverse socioeconomic effects that continue to pose a real risk to human 
survival. The ever-increasing infections are projected to over 15 million infections and 1 million deaths by 2021. There are 
urgency and multiple efforts to find a cure, vaccines, and therapies to slow infection and Covid-19 related mortality. These 
efforts include research in repurposed and off-label use of drugs of which Chloroquine (CQ) and hydroxychloroquine (HCQ) 
have shown some promise. (CQ) therapy is among the list of drugs in the World Health Organization (WHO) SOLIDARITY 
study. Chloroquine has been approved by Chinese, South Korean, and Italian health authorities for the experimental treat-
ment of COVID-19. Importantly, multiple studies and reports highlight the benefits of CQ and HCQ to Covid-19 patients. 
In this review, we draw a nexus of the genetics, biology, and pathology of Covid-19 to its cheminformatic features to help 
researchers, physicians and the public analyze potential mechanisms that make CQ and HCQ beneficial for off-label use. 
Of note, structural modification of HCQ and CQ is only possible with informed consideration of physicochemical, ADME, 
and Toxicity profiles of analogues using cheminformatic tools such as the swiss ADME. Furthermore, cheminformatic and 
bioinformatic tools are valuable when research time, human subjects, and clinical research are out of reach in a pandemic. 
This review endeavors to fill these gaps in pursuit of a Covid-19 therapy by revisiting the cheminformatics and mechanisms 
of action of Chloroquine and hydroxychloroquine.
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Introduction
 
 In December 2019, a novel virus causing pneumo-
nia-like symptoms was reported in Wuhan, the capital of Hubei 
province, China [1-3]. Since that time, the disease has spread 
rapidly across the globe. The etiological agent is SARS- CoV-2, 
a new coronavirus, named due to the similarity of symptoms 
caused by SARS (severe acute respiratory syndrome) [4, 5]. The 
number of reported cases of COVID-19 infection may rise to 
over 15 million in early 2021 and mortalities continue to rise, 
raising concern about the likelihood of successful containment. 
Successful containment is hinged on the efficacy of candidate 
drugs against Covid-19 that include Chloroquine (CQ) and hy-
droxychloroquine (HCQ) [6-10]. Off-label use of CQ and HCQ 
requires an in-depth understanding of the molecular biology of 
SARS - CoV -2 in deciphering therapeutic mechanisms of po-
tential drugs [11]. Towards this end, reviewing potential mecha-
nisms of CQ and HCQ as well as pathological insights is crucial 
in understanding cheminformatics and bioinformatics of po-
tential drugs and is beneficial in repurposing drugs that target 
Covid-19.

Classification

 SARS - CoV -2 is a member of the coronaviridae fami-
ly. These novel viruses belong to the order Nidovirales, subfam-
ily orthocoronavirinae that is further classified into four genera; 
Betacoronavirus, Alphacoronavirus, Gamacoronavirus, and Del-
tacoronavirus [3]. The major sources of Alpha and Betacorona-
viruses are bats, while Betacoronavirus and Gamacoronavirus 
originate from birds and swine [4,5,6]. Evidence from molecular 
analyses shows that SARS- CoV -2 is a novelBetacoronavirus [4] 
which is a member of subgenus sarbecovirus [2]. Two strains of 
the virus have caused outbreaks of severe respiratory diseases in 
humans: severe acute respiratory syndrome coronavirus (SARS-
CoV or SARS-CoV-1), which caused the 2002–2004 outbreak 
of SARS, and severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), which is responsible for the 2019–20 Covid-19 
pandemic.

Genetic Structure and Molecular biology 

 Coronavirus (nCoVs) including Covid-19 are envel-
oped, positive-stranded RNA viruses with nucleocapsid. nCoVs 
are round and sometimes pleiomorphic with about125nm di-
ameter [12]. The single-stranded RNA(+ssRNA) genome of 
Covid-19 is about 29891 nucleotides in size with a G+C con-
tent of about 40%, encoding 9860 amino acids. The Covid-19 

genome contains two flanking untranslated regions (UTRs) 
and a single long open reading frame encoding a polyprotein. 
The 2019-nCoV genome is arranged in the order of 5′-replicase 
(orf1/ab)-structural proteins [Spike (S)-Envelope (E)-Membrane 
(M)-Nucleocapsid (N)]−3′ [13]. Overall, the genomic structure 
is a 5′-cap structure and 3′poly-A tail [14]. Starting from the vi-
ral RNA, the synthesis of polyprotein 1a/1ab (pp1a/pp1ab) in 
the host is realized. The transcription works through the repli-
cation-transcription complex (RTC) organized in double-mem-
brane vesicles and via the synthesis of sub-genomic RNA (sgR-
NAs) sequences. Notably, transcription termination occurs at 
transcription regulatory sequences, located between certain 
open reading frames (ORFs) that work as templates to produce 
sub-genomic mRNAs. In the atypical CoV genome, at least six 
ORFs can be present. Among these, a frame shift between OR-
F1a and ORF1b guides the production of both pp1a and pp1ab 
polypeptides that are processed by virally encoded chymotryp-
sin-like protease (3CLpro) or main protease (Mpro). Of note, 
the structural genes have been shown to interact with accessory 
genes such as 3a/b and 4a/b. and hemagglutinin esterase gene 
(HE). The SARS-CoV-2 genome is arranged similarly, although 
it lacks the HE gene, which is unique in some Betacoronaviruses 
[15]. Other ORF sencode for structural proteins, including spike, 
membrane, envelope, and nucleocapsid proteins. Additionally, 
papain-like proteases are required for producing non-structural 
proteins (nsps). Non-structural proteins encoded by the poly-
protein form a replication transcription complex (RTC) in a 
double-membrane vesicle (DMV) [16]. 

 The four major structural proteins coded for by SARS-
CoV-2 are; the Membrane (M), Spike (S), Envelope (E), and Nu-
cleocapsid (N)[16-18]. The Spike protein is a class 1 viral trans 
membrane protein varying in size from 1160nm to 1400nm de-
pending on the type of host. It occupies the virion surface in a 
trimer like fashion giving it a solar crown appearance [19]. The 
S protein interacts with the cell receptors of various hosts, facili-
tating the entry of the virus into a cell [19]. Furthermore, it plays 
a vital role in eliciting the host immune response and determi-
nation of host range and tissue tropism [19]. Among the corona 
viruses, the ectodomain region of the S protein is comparable 
in the organization. The S1 domain facilitates receptor binding, 
while the S2 domain is involved infusion [19]. Moreover, the S1 
domain is divided into the N and C terminal domains, which 
are essential in receptor binding with the latter containing the 
receptor-binding motif (RBM) [15]. The trimeric S1 domain in 
the spike protein sits on top of the trimeric S2 stalk. Current re-
search has identified 27 amino acid substitutions in the S protein 
of SARS-C0V- 2 within a 1273 length amino acid stretch, with 
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six of these substitutions situated in the RBD (aa 357-528) and 
four in the receptor-binding motif of the CTD of S1 domain [16].

 The Matrix protein gives a definite shape to the virus 
envelope and is also the most abundant protein. This protein is 
mainly involved in viral assembly [17]. The M protein is the most 
dynamic protein among corona viruses regarding the amino acid 
composition. The three trans membrane domains in the matrix 
protein are flanked by a short amino acid terminal inside the vi-
rion and a long carboxy chain outside the virion. Overall, the 
M-M interaction maintains the viral scaffold [16]. Presently no 
studies indicate any amino acid substitutions in SARS-CoV 2 M 
protein.

 The E (Envelope) protein is an integral protein involved 
in pathogenesis, viral assembly, and release of the viral particles 
[17]. It is the smallest of the structural genes in SARS-CoV2, and 
the protein also acts as an ion channel. Inactivation of the E pro-
tein has been proven to alter virulence in corona viruses, as it 
changes the viral morphology and tropism. The E protein pos-
sesses a short hydrophilic amino-terminal domain (7-12 amino 
acids), a large hydrophobic trans membrane domain (25 amino 
acids), and a long hydrophilic C-terminal domain[20]. General-
ly, the E protein among corona viruses is conserved.

 The N protein constitutes the only protein present in 
the nucleocapsid [17]. The N protein facilitates matrix protein 
interaction during assembly and has also been shown to increase 
the efficiency of transcription [17] [24,25]. The three highly con-
served regions in the N protein are N terminal domain, RNA 
binding domain (linker region), and the C terminal domain. 
However, the NTD is the most diverse in both sequence and 
length [26]. The RNA binding domain is involved in cell signal-
ing, and it also serves as an antagonist for interferon and RNA in-
terference hence modulating antiviral response [27, 28] Present 
research has identified five mutations in the N protein of SARS-
CoV-2; two occurring in the intrinsically dispersed region (IDR, 
pos 25 &26), and one each in the CTD (position 344), NTD (pos 
103) and LKR (pos 217).

Evolution 

 Sequence analysis of SARS-CoV-2 genome isolated 
from patients has revealed a 99.9% sequence identity, suggesting 
a very recent host shift to humans [1,2,3]. Various studies indi-
cate that coronaviruses are evolutionary shaped and hosted by 
bats, and most coronaviruses in human hosts are derived from 
bat reservoirs[3,21]. Recent studies have confirmed a genetic 

resemblance between the 2019 novel virus and betacoronavirus 
from the sarbecovirus genus[21].

 Population genetics analyses suggest that SARS-COV-2 
viruses evolved into two major types, Land S, which are defined 
by two SNPs, position 8782 and 28144 [39]. Although L is more 
prevalent (70%) than S (30%), evolutionary analysis suggests 
that S is the more ancient type, and L is the more aggressive and 
infectious type. Recent molecular studies show that the diver-
gence of SARS-C0V-2 and other coronaviruses had genomic nu-
cleotide variability of 4% [39]. The analyses of divergence at the 
neutral sites between these viruses were found to be 17%, sug-
gesting a more significant divergence than previously estimated. 
Lastly, this study suggested new differences in functional sites in 
the receptor-binding site of the S protein in SARS-CoV-2 that 
may have arisen due to natural selection and mutations besides 
recombination.

Pathological insights of Covid-19 patients treated with 
Chloroquine and hydroxychloroquine

 The infection of host cells by SARS-CoV-2 is mediat-
ed by the S1 domain of the spike protein binding to angioten-
sin-converting enzyme 2 (ACE2) receptor, with the S2 domain 
facilitating fusing of the virus with the host cell membrane [22]. 
The SARS-CoV-2 virus is most likely initially taken up by na-
sopharyngeal mucosal cells before migrating into endothelial 
cells of the lung alveoli and into the bloodstream [23]. It then 
infects organs with cells bearing ACE2 receptors such as endo-
thelial cells of the vasculature, myocardium, kidney, intestine, 
and brain. The onset of Covid-19 disease is characterized by fe-
ver, myalgia, cough, and dyspnea, and sometimes headache, di-
arrhea, nausea, and vomiting [24], symptoms that overlap with 
other viral syndromes. Covid-19 infection can result in severe 
illness, manifesting as systemic inflammatory response syn-
drome, acute respiratory disease syndrome (ARDS), [25] shock, 
and multiple organ failure in some cases [26-29]. The risk for 
severe Covid-19 disease includes old age and comorbidities such 
as cardiovascular disease, diabetes, and other respiratory diseas-
es, although young and healthy individuals have also gone on to 
develop severe disease and or even death [30]. Several common 
laboratory abnormalities have been noted in Covid-19 patients. 
The most notable include increased inflammatory markers such 
as C-reactive protein, D-dimers, ferritin, and interleukin-6 (IL-
6) as well as elevated lactate dehydrogenase and lymphopenia 
[31]. Some of these parameters have also been found to be asso-
ciated with disease severity, risk of requiring mechanical ventila-
tion, intensive care unit [ICU] admission, or death. They include 
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elevated D-dimers and thrombocytopenia [32]. Also implicated 
in the inflammation characteristic of severely ill Covid-19 pa-
tients is a 'cytokine storm' mainly of IL-6, IL-1β, and TNF-α [33].

 There are several other hemostatic parameters in addi-
tion to D-dimer that are linked with Covid-19 disease severity, 
and which together point to some forms of coagulopathy that 
may predispose to thrombotic events [32, 34]. In a study of 183 
COVID-9 patients, some hemostatic parameters were elevated 
in the 21 (11.5%) patients who died compared to those who sur-
vived. These include elevated D-dimer and fibrin degradation 
products (FDPs), prothrombin time (PT) elongation by 14% 
and 71% of those who died fulfilled the International Society 
on Thrombosis and Haemostasis (ISTH) criteria for dissemi-
nated intravascular coagulation (DIC) compared with only 0.6% 
among survivors [35]. Complications arising from DIC in Cov-
id-19 include increased thrombin generation and micro thrombi 
with secondary parenchymal bleeding through endothelial leak-
age [36]. There may also be venous thromboembolism caused 
because of the immunological activation of thrombin derived 
from platelets or plasma [37]. Fatal pulmonary embolism may 
be the most frequent consequence of DIC, with this being a 
subject of ongoing Covid-19 pathology examinations [37]. Two 
possible pathological coagulation processes have been proposed 
in the clinical manifestations in critically ill Covid-19 patients. 
First, there is a local direct and endothelial injury resulting in 
thrombi formation and angiopathy in the lungs and other or-
gans [38]. Secondly, in the systemic circulation, there is possible 
large vessel thrombosis and thromboembolic sequelae, all due 
to hypercoagulability, reported in 20-30% of patients admitted 
in ICU [39]. The ongoing pathological intervention of Covid-19 
with CQ and HCQ is likely to consider the foregoing findings.

Chloroquine and hydroxychloroquine COVID-19 Therapy

 Currently, many trials have been designed to determine 
an effective therapeutic regimen for COVID-19 [40]. Of the tar-
get regimens, chloroquine (CQ) therapy is also being considered 
and is among the list of drugs in the World Health Organization 
(WHO) SOLIDARITY study. Chloroquine has been approved 
by Chinese, South Korean, and Italian health authorities for the 
experimental treatment of COVID-19. On March the 28th day of 
2020, the FDA authorized and later revoked the use of CQ and 
HCQ under an Emergency Use Authorization (EUA). On April 
1st day of 2020, the European Medicines Agency (EMA) issued 
guidance that CQ and HCQ are only to be used in clinical trials 
or emergency use programs. Early clinical trials in China have 
shown chloroquine phosphate, an aminoquinoline used in ma-

laria treatment, to be effective against COVID-19 [41] at a dose 
of 500 mg/day. In early in vitro studies, CQ blocked COVID-19 
infection at low-micromolar concentration, with a half-maximal 
effective concentration (EC50) of 1.13 μM and a half-cytotoxic 
concentration (CC50) greater than 100 μM [42]. CQ is a 9-ami-
noquinoline that has been known since 1934 and is specifical-
ly synthesized to be used as an antimalarial agent. The parent 
compound, quinine, was isolated in the late 19th century from 
the bark of the tropical cinchona tree [43]. Unfortunately, CQ 
is being gradually dismissed from antimalarial therapy and pro-
phylaxis, due to the continuous emergence of chloroquine-re-
sistant Plasmodium falciparum strains [44]. However, the toler-
ability, low cost, toxicity, and immunomodulatory properties of 
CQ and HCQ are associated with biochemical effects that sug-
gest a potential use in viral infections, some of whose symptoms 
may result from the inflammatory response [45]. Importantly, 
cheminformatics reveals unique structural features that enhance 
the drug properties of CQ and HCQ.

Chemical and Physicochemical properties of Chloro-
quine and hydroxychloroquine

 Chloroquine (7-chloro-4-(4-diethylamino-1-meth-
yl butyl amino) quinoline) is prepared by the condensation of 
4-7-dichloroquinoline with 1-diethylamino-4-amino pentane. 
Chloroquine (CQ) is a white to yellow, odorless crystalline pow-
der with a bitter taste with a melting point between 87 to 92°C. 
CQ is very slightly soluble in water but is soluble in chloroform, 
ether, and dilute acids. A cheminformatic analysis of the physi-
cochemical properties of CQ further reveals pharmacophore fea-
tures that influence its behavior as a potent drug that can target 
Covid-19. The swissADME [46] Bioavailability Radar provides 
a graphical snapshot of the drug parameters of an orally avail-
able bioactive drug. The Bioavailability Radar plot is presented 
as a hexagon (Figure1) with each of the vertices representing a 
physicochemical parameter that define a bioavailable drug. The 
pink area within the hexagon represents the optimal range for 
each property (lipophilicity: XLOGP3 between -0.7 and +5.0, 
size: MW between 150 and 500 g/mol, polarity: TPSA between 
20 and 130 Å2, solubility: log S not higher than 6, saturation: the 
fraction of carbons in the sp3 hybridization not less than 0.25, 
and flexibility: no more than nine rotatable bonds). Of note, are 
the physicochemical properties of CQ and HCQ (Figure 2) that 
make them readily bioavailable drugs. Importantly HCQ with a 
terminal hydroxyl group that increases its topological polar sur-
face area (TPSA) to 48.39Å2compared to CQ’s 28.16Å2. TPSA 
is vital in the prediction of biological barrier crossing of a drug 
such as in absorption and brain access. TPSA is a fragmental 
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technique that considers polar surface atoms that includes sul-
fur and phosphorous to estimate the total polarity of a molecule. 
Additionally, HCQ becomes slightly more water-soluble and less 
lipophilic than CQ as depicted by the water solubility (Figure 
3) and lipophilicity metrics (Figure 4). The partition coefficient 
between n-octanol and water (log Po/w) is the classical descriptor 
for lipophilicity [46].

Figure 1. Bioavailability Radar of CQ (on the left) and HCQ (on the right).

Figure 2. Physicochemical properties of CQ (on the left) and HCQ (on the right).

Figure 3. Water-solubility metrics for CQ (on the left) and HCQ (on the right).

Figure 4. Lipophilicity metrics for CQ (on the left) and HCQ (on the right).
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In silico pharmacokinetics of CQ and HCQ

 Metabolism of HCQ involves CYP3A4 and CY-
P2C3-driven dealkylation to form desethyl hydroxychloroquine, 
desethylchloroquine, and bisdesethyl chloroquine. In addition, 
swissADME metrics reveal that HCQ does not inhibit CYP3A4 
while CQ could be an inhibitor (Figure 5). Additionally, both CQ 
and HCQ do not inhibit CYP2C19 and CYP2C9. CYP2C19 is a 
liver enzyme and a member of the CYP2C subfamily of the cy-
tochrome P450 mixed-function oxidase system involved in the 
metabolism of xenobiotics, including many proton pump inhib-
itors and antiepileptics. Inhibition metrics of other cytochrome 
p-450 enzymes are as in figure 5 below.

Figure 5. Pharmacokinetics metrics of CQ (on the left) and HCQ (on the right).

Figure 6. Boiled egg evaluation of molecule 1(CQ) and molecule 
2(HCQ)

ADME of Chloroquine and hydroxychloroquine

 Chloroquine's (CQ) absorption is rapid and is widely 
distributed in body tissues. It has a very high volume of distri-
bution, as it diffuses into the body's adipose tissue. CQ’s protein 
binding is high, with a half-life of around 50 days [47]. CQ is me-
tabolized to desethylchloroquine partially by the liver and more 
than 50% excreted as unchanged drug in urine, where acidifica-
tion of urine increases its elimination. Accumulation of the drug 
may result in deposits that can lead to blurred vision and blind-
ness. Also, its related quinines have been associated with cases of 

retinal toxicity, particularly when provided at higher doses for 
longer times. 

 HCQ is administered orally, in doses ranging from 
100 to 1200 mg daily, and is absorbed within 4 hours. It is ap-
proximately 50% bound to plasma protein in the blood. HCQ 
blood concentration peaks after the absorption phase and falls 
quickly due to rapid partitioning into organs. Accumulation in 
lysosomes appears to drive the large volume of distribution in 
plasma. Excretion takes place mainly in the kidneys, account-
ing for about a quarter of HCQ total blood clearance, with liver 
clearance assumed to account for the rest [48]. 

Drug likeness of Chloroquine and hydroxychloroquine

 The phrase “drug-like” is defined as those compounds 
that have sufficiently acceptable ADME and toxicity properties 
to survive through the completion of Phase I clinical trials [49]. 
Drug-likeness is a complex balance of molecular properties and 
structural features that determine whether an unknown mole-
cule is like the known drugs. These molecular properties include 
hydrophobicity, electronic distribution, and hydrogen bonding 
characteristics, molecule size, and flexibility. SwissADME has 
computational filters that include Ghose [50], Egan [51], Ve-
ber [52], Muegee [53], and Lipinski rules used by leading phar-
maceutical companies and chemoinformatics to evaluate the 
drug-likeness of small molecules.

 The Ghose filter quantitatively characterizes the struc-
ture of a molecule based on computed physicochemical prop-
erty profiles that include log P, molar refractivity (MR), molec-
ular weight (MW), and the number of atoms. In addition, the 
Ghose filter includes a qualitative characterization based on the 
presence of functional groups and important substructures. The 
qualifying range of calculated log P (ClogP) is between -0.4 and 
5.6. For MW, the qualifying range is between 160 and 480. For 
MR, the qualifying range is between 40 and 130, and for the to-
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tal number of atoms, the qualifying range is between 20 and 70 
atoms in a small molecule. Notably, both CQ and HCQ meet all 
these Ghose criteria (Figure7).

Figure 7. Druglikeness

 Egan (Pharmacia) filter provides a prediction of drug 
absorption based on physical processes involved in membrane 
permeability of a small molecule. Importantly, the Egan compu-
tational model for human passive intestinal absorption (HIA) of 
small molecule accounts for active transport and efflux mech-
anisms and is therefore robust in predicting the absorption of 
drugs. Both CQ and HCQ pass the Egan filter largely due to their 
polar surface area, and a number of hydrogen acceptors (Figure 
1 & 2) that influence their hydrophilicity and hydrophobicity 
(Figure 3 & 4). This is because the descriptors in the Egan model 
are polar surface area (PSA) and AlogP98v with the exclusion of 
redundant descriptors such as MW. PSA is a reference point for 
AlogP98. AlogP98 descriptor is a ratio of lipophilicity to hydro-
philicity which contains no information on the absolute measure 
of either factor.

 Veber (GSK filter) model characterizes molecules as 
drug-like if they have ten or fewer rotatable bonds and a PSA 
equal to or less than 140 Å2 with 12 or fewer H-bond donors and 
acceptors (Figure 2). Molecules with these properties have a high 
probability of good oral bioavailability. CQ and HCQ molecules 
met Veber criteria. In addition, CQ and HCQ met the Muegge 
rules of Druglikeness.

 Muegge (Bayer filter) model is a database-independent 
pharmacophore point filter that discriminates between drug-like 
and nondrug-like chemical matter. It is based on the observa-
tion that non-drugs are often less functionalized. Four functional 
motifs are defined to be important in drug-like molecules and 
include ketone, hydroxyl, sulfonyl, and amine groups. The occur-
rence of these functional motifs guarantees hydrogen-bonding 
capabilities that are essential for specific drug interactions with 
its targets. CQ and HCQ have an aminoquinoline pharmaco-
phore. In addition, HCQ has an N-hydroxy-ethyl side chain in 
place of the N-diethyl group of CQ thus providing essential hy-

drogen bond acceptors and donors with their targets (Figure 2). 
These functional groups can be combined with what the Muegge 
model [54] refers to as pharmacophore points. The pharmaco-
phore points include amine, amide, alcohol, ketone, sulfone, sul-
fonamide, carboxylic acid, carbamate, guanidine, amidine, urea, 
and ester functional groups.

Insights to mechanisms of action of Chloroquine and 
hydroxychloroquine 

 Chloroquine (CQ) and hydroxychloroquine (HCQ) are 
weak bases that affect acid vesicles leading to the dysfunction of 
several enzymes. CQ is also a lysosomotropic agent, meaning it 
accumulates preferentially in the lysosomes of cells in the body. 
Interference of lysosomal activity inhibits the function of lym-
phocytes and has immunomodulatory and anti-inflammatory 
effects [47].In vitro, CQ can destabilize lysosomal membranes 
and promote the release of lysosomal enzymes inside cells [47]. 
The pKa for the quinoline nitrogen of chloroquine is 8.5, mean-
ing it is about 10% deprotonated at physiological pH according 
to the Henderson-Hasselbalch equation. This decreases to about 
0.2% at a lysosomal pH of 4.6. Since the deprotonated form is 
more membrane-permeable than the protonated form, a large 
amount accumulates in lysosomes.

 Extracellularly, CQ and HCQ are present in a protonat-
ed form that and thus are unable to cross the plasma membrane. 
However, the non-protonated portion can enter the intracellular 
compartment and become protonated in an inversely propor-
tional fashion to the internal pH. Accordingly, CQ and HCQ 
are concentrated within acidic organelles such as the endosome, 
Golgi vesicles, and the lysosomes, where the pH is low. This low 
pH in lysosomes is optimal for lysosomal enzymes involved in 
hydrolysis, and so by increasing the pH of endosomal compart-
ments, CQ and HCQ disrupt the maturation of lysosomes and 
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autophagosomes and inhibit antigen presentation along the lyso-
somal pathway[47]. 

 CQ and HCQ also act by altering protein degradation 
pathways through acidic hydrolases in the lysosomes, macro-
molecule synthesis in the endosomes, and post-translational 
protein modification in the Golgi apparatus. Additionally, high 
CQ-mediated endosomal pH modulates iron metabolism and 
impairs the release of iron from ferrated transferrin, to lower 
the intracellular concentration of iron [55]. This decrease caus-
es the dysfunction of several cellular enzymes with implications 
in DNA replication and gene expression [55]. Studies have also 
demonstrated that CQ confers broad-spectrum antiviral effects 
via this pH-lowering mechanism that affect viral-fusion pro-
cesses. Moreover, CQ can alter the glycosylation of the cellular 
receptors of coronaviruses because it involves proteases and gly-
cosyl-transferases, some of which require a low pH. 

 Hydroxychloroquine (HCQ), a less toxic aminoquino-
line, has an N-hydroxy-ethyl side chain in place of the N-diethyl 
group of CQ. HCQ has a modulating effect on activated immune 
cells, downregulates the expression of Toll-like receptors (TLRs) 
and TLR-mediated signal transduction, and decreases the pro-
duction of interleukin-6 [47]. Changes in endosomal pH can in-
terfere with TLR9 and TLR7 processing, and thus CQ and HCQ 
prevent TLR activation upon extracellular stimuli by mediating 
changes in the local pH. Of note, CQ can bind to nucleic acids 
and thus prevents the activation of endosomal TLRs [56].

 HCQ is preferred over CQ for its lower ocular toxicity. 
Furthermore, in patients with COVID-19, CQ interacted with 
lopinavir/ritonavir, resulting in prolongation of the QT inter-
val. Conversely, retinopathy is a dose-limiting adverse effect of 
hydroxychloroquine. However, a safe daily dose seems to corre-
spond to 6.5 mg/kg of the ideal body weight and 5.0 mg/kg of the 
actual body weight [47]. Of note, there are more CQ clinical data 
than those about HCQ as an antiviral agent.

 HCQ is also a lysosomotropic autophagy inhibitor be-
ing used in many clinical trials, either alone or in combination 
with chemotherapy [48]. Mechanistically, HCQ being a weakly 
basic compound that basifies the highly acidic lysosome prevents 
the autophagosome-lysosome fusion step of autophagy. This 
mechanism drives its pharmacokinetics (PK), mainly through 
an ion-trap accumulation observed in acidic compartments of a 
cell, including lysosomes [48].

 Some viruses enter their target cells by endocytosis.
CQ inhibits different viruses that require a pH-dependent step 
for entry into cells. Of note, CQ reduces the secretion of proin-
flammatory cytokines such as TNF alpha [57, 58]. Furthermore, 
treatment with HCQ inhibits the production of TNF, IFNα, IL-
6, and CCL4 (also known as MIP1β) in pDC. In vitro, HCQ 
and CQ impede the production of IL-1, IL-6, TNF and IFNγ by 
mononuclear cells. 
 
Conclusion

 The use of CQ and HCQ in targeting Covid-19 relies 
on a thorough understanding of its genetic structure, molecular 
biology, evolution as well as known and predictable mechanisms 
of action of CQ and HCQ. Additionally, cheminformatic and 
bioinformatic analysis of CQ and HCQ is beneficial in repur-
posing these malarial drugs for Covid-19. Importantly known 
management of Covid-19 with CQ and HCQ provides useful in-
sights and opens the opportunity for repurposing current drugs 
to mitigate the lethal effects of Covid-19.
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