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Abstract

Today, the whole world is fighting a public health emergency called ‘COVID-19’ caused by a new infectious virus called
SARS-CoV2. Any person can catch COVID-19 from an infected person via aerosol droplets when the person coughs, sneezes,
or speaks. To limit such a transmission, World Health Organization (WHO) has recommended people to wear masks and
physically distance themselves by staying at least 1 m (3 feet) away from others. As aerosol droplets (by cough or sneeze)
land on objects and surfaces around the person such as tables, doorknobs and handrails, and remain active on these surfaces
for hours to days, people are advised to use soaps for at least 20 s. and alcohol-based sanitizers as well. As the public made
efforts, clinicians and researchers investigated and found that drugs which were initially used to treat other diseases may work
as a treatment option for COVID-19. One of those drugs was Chloroquine and its related derivative called hydroxychloro-
quine. In this review article, we have systematically searched for details of COVID-19 pandemic till May 2020 and assembled
few data pertaining to (i) Corona viruses; (ii) SARS-CoV2, the virus that causes COVID-19’ and (iii) How chloroquine and
hydroxychloroquine mediates anti-viral effect in both prophylactic and therapeutic setting. These data have been acquired
mostly from PubMed and websites of WHO and Indian Council for Medical Research (ICMR). We did a systematic search
and found that the properties of chloroquine are very much essential for the COVID-19 scenario. We also bring to you some
evidence that the anti-lysosomal activity of chloroquine may be increased by botanicals like betulinic acid.
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Introduction

Viruses are submicroscopic infectious particles with
the capacity to infect bacteria, algae, plants, animals and
humans. These can be found in every ecosystem on earth.
There are numerous different varieties of viruses and many
are yet to be discovered. Viruses are different from other
living organisms as these require a host cell to reproduce.
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When virus infects a host cell (or the virus enters a living
organism), the host cell gets ‘enslaved’ to the virus and syn-
thesizes thousands of identical copies of the original virus.
Thereafter, the host cell dies in the process of releasing
newly synthesized viral particles.

A complete virus basically exists as ‘virions’ compris-
ing of either DNA or RNA as genetic material encased in a
protein or sometimes lipid coat. The genetic material may be
single stranded or double stranded, linear or circular. The
amount and arrangement of the genetic material and pro-
teins determines the shape and sizes of the viruses. Viruses
thus have complicated shapes ranging from helical to ico-
sahedral forms. How a virus originated on earth is still a
mystery and it has been thought that these were formed from
DNA fragments that once escaped from a cell. With time,
many viruses learned to evade host immune systems via effi-
cient strategies producing diseases for both humans and ani-
mals. However, the last several years has witnessed a surge
in many new viruses especially those from animals by a
process called zoonosis. This basically occurred due to intru-
sion of human activity into wildlife habitats. An example of
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this is deforestation which led to changes in living habitat of
bats, and infections from bats to other organisms like palm
civets, pangolins, camels, horses which acted as intermedi-
ary hosts to infect humans. The increased world-wide travel
is a reason that has accelerated the spread of viruses. For
example, the Avian flu virus H5SN1 was transported from
Asia to Europe by migratory birds. The AIDS pandemic that
was induced by human immunodeficiency viruses (HIV) was
originally a zoonotic transmission from monkeys to humans,
followed by efficient further distribution within the human
population (Modrow et al. 2013). The transmission of such
virus can occur by different means like vectors, respiratory
droplets, feces, blisters, mucus, sexual contact, etc.

Corona Virus

Coronaviruses (CoVs) are a group of single-stranded RNA
viruses belonging to a sub-family called Coronaviridae that
together with Torovirinae form the Coronaviridae family of
the Nidovirales order. These are the largest known RNA
viruses with the potential to infect birds, humans and some
other vertebrates. Although the first member of the coro-
navirus family was discovered in the 1930s, coronaviruses
gained notoriety with the severe acute respiratory syndrome
(SARS) outbreak in 2002-2003 (Belouzard et al. 2012). The
International Committee on Taxonomy of Viruses (ICTV)
have segregated CoVs into four genera, historically based
on serological analysis and now on genetic studies: o, B, v,
and d. These viruses are enveloped, spherical and distinct
in appearance, as they possess club-shaped projections on
their surface. The RNA genome of these viruses ranges from
26,000 to 32,000 bases (longest among RNA viruses). The
genome is packed into a helical nucleocapsid surrounded
by a host-derived lipid bilayer. RNA has a cap structure at
the 5’ end and multiple poly (A) tail at the 3’ end. RNA is
positive and, hence, can serve as messenger RNA (mRNA),
allowing the translation of replicase/transcriptase and struc-
tural proteins. The replicase/transcriptase is composed of
two overlapping open reading frames (ORFs): ORF1la and
ORF1b which encode 16 non-structural proteins and 4 clas-
sical structural proteins, viz. (i) spike protein (S), (ii) enve-
lope protein (E), (iii)) membrane protein (M), and (iv) nucle-
ocapsid protein (N) (Lodish et al. 2000). M and E proteins
are involved in virus assembly. S protein is leading mediator
of viral entry and critical player in determining host range.
Modification in S protein alters cell and tissue tropism, asso-
ciation with other viral and host factors and changes in host
pathogenicity (Belouzard et al. 2012).

CoVs mainly cause respiratory and intestinal infections
with an array of clinical manifestations. So far, 7 CoVs have
been identified that produce infections in humans. These
are the a-type HCoV-229E and HCoV-NL63; the p-type
HCoV-HKUI1, SARS-CoV, MERS-CoV, and HCoV-0OC43;
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and 2019-nCoV (that caused the present pandemic). HCoV-
229E, HCoV-0C43, HCoV-NL63, and HCoV-HKU were
mildly pathogenic; while SARS-CoV or Severe Acute Res-
piratory Syndrome CoV, and MERS-CoV or Middle East
respiratory syndrome coronavirus were highly pathogenic.
The highly pathogenic CoVs infect the lower respiratory
tract causing fatal acute lung injury (ALI) and acute respira-
tory disease syndrome (ARDS). We are yet to determine the
severity of SARS-CoV2 (Abd El-Aziz and Stockand 2020).

COVID-19 Disease and SARS-CoV2

What is COVID-19? COVID-19 is a peculiar form of res-
piratory disorder that emerged in 2019 in a business hub
called Wuhan, which is located in the Hubei Province of
China. Initially, China described the disease as ‘atypical’
pneumonia and then declared the causative agent to be a
corona virus (CoV). The Corona Study Group (CSG) of the
International Committee on Taxonomy of Viruses (ICTV)
after assessing the etiological agent named it SARS-CoV2
(Severe Acute Respiratory Syndrome Corona Virus2) and
the disease outbreak as COVID-19 (Corona Virus Disease—
Year of Identification). The disease rapidly spread to more
than 210 countries mostly via people with a travel history.
As on 26th April 2020 approximately 2,80,4796 deaths were
reported worldwide owing to COVID-19 (WHO 2020b).
Characterization of SARS-CoV2 is under progress.

How did COVID-19 originate? The source of COVID-
19 outbreak is yet to be determined. Although some pre-
liminary investigations in China identified samples in the
Huanan Seafood Wholesale Market of Wuhan city to be
positive for SARS-CoV?2, the zoonotic source of the out-
break is still ambiguous. All throughout the pandemic, it
was argued by many researchers that bats which harbor a
lot of viruses (but remain unaffected by these) are a reason
for the COVID-19 outbreak. This was because some bats
called ‘intermediate horseshoe bats’ (Rhinolophus affinis) of
Rhinolophidae family (widespread in central China, South-
east Asia and Indian subcontinent) carry bat corona viruses
called BatCoV RaTG13 (popular in Yunnan Province) with
96% whole genome similarity with SARS-CoV2 (Calisher
et al. 2006; Zhang et al. 2020). However, direct transmis-
sion of SARS-CoV2 from these bats was not considered
as evidences from recent epidemics demonstrate that effi-
cient human-to-human transmissibility while retaining high
human pathogenicity is possible only with involvement of
an intermediate host. According to the current evidence,
virus isolated from Malayan Pangolins (Manis javanica)
celled Pangolin-CoV has 91.02% and 90.55% genetic simi-
larity to SARS-CoV2 and BatCoV RaTG13, respectively,
and hence contemplated to be one of the natural reservoirs
of SARS-CoV2 (Zhang et al. 2020).
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What are the symptoms of COVID-19? For few peo-
ple, COVID-19 is mild with symptoms like fever, cough,
fatigue, aches and nasal congestion and in others, COVID-
19 is asymptomatic. The severe stage of COVID-19
occurs when the infection advances to ARDS and multi-
ple organ failure mainly because of the inability to control
the ‘cytokine storm’ or the wild cytokine production tak-
ing place in the body. Increased age-related problems and
medical complications like diabetes, blood pressure or heart
diseases are observed to worsen COVID-19 (Tisoncik et al.
2012; Abd El-Aziz and Stockand 2020; Wang and Mao
2020).

Similarities of SARS-CoV1 and SARS-CoV2: SARS CoV2
shows some similarities with SARS CoV. SARS CoV origi-
nated in the Guangdong province of China in November
2002. Palm civets were identified as intermediary hosts for
SARS CoV2 which contracted the virus from bats (Falsey
and Walsh 2003). SARS-CoV, however, was more “severe
than COVID-19 and produced influenza-like symptoms in
humans like fever, myalgia, headache, diarrhea, shivering,
cough and shortness of breath. WHO described the epidemic
as a serial killer that spanned from 16th November 2002
to 5th September 2003 affecting 8098 individuals in 26
different nations and causing death of 776 people (mortal-
ity rate of 9.6%) (WHO 2003). Presently, there are reports
that SARS-CoV2 virus is undergoing mutations similar to
SARS-CoV virus. In both cases, mutations have occured
in the spike protein. This glycoprotein is important for the
association of virus with angiotensin-converting enzyme-2
receptors (ACE2) on cells of lung, intestine, liver, heart, vas-
cular endothelium, testis, and kidney (Hamming et al. 2004).
ACE?2 is part of the ‘Renin—Angiotensin’ hormonal system
of the body. Structural and biochemical studies conducted so
far have shown that S protein of a SARS virus comprises of
2 functional subunits. (i) The S1 subunit or receptor binding
domain is responsible for binding of virus to host cell recep-
tor and (ii) S2 is responsible for fusion of virus with cellular
membranes. Both sub-units are separated but remain non-
covalently bonded in a ‘pre-fusion conformation’ stabilized
by S1 (Andersen et al. 2020; Walls et al. 2020).

Although both SARS-CoV and SARS-CoV2 viruses have
been observed to infect host cells via same ACE receptor,
there have been some differences noted like an increased
affinity of the virus towards the receptor in SARS CoV?2.
This has been presumed to be due to a mutation, i.e., N5SO1T
in spike protein of SARS-CoV?2 that has somehow increased
the binding affinity of virus for ACE2 (Andersen et al.
2020). Very recent reports demonstrate that the S1 protein
of Pangolin-CoV is similar to SARS CoV2 than RaTG13.
There is evidence that 5 key amino acid residues in spike
protein that are in interaction with human ACE2 are con-
sistent between Pangolin and SARS-CoV2; while, only 4
amino acid mutations are present in RaTG13. Nonetheless,

both Pangolin-CoV and RaTG12 have lost putative furin rec-
ognition at S1/S2 cleavage site that is seen in SARS CoV2
(Zhang et al. 2020). These data emerge from findings of Liu
et al. (2019) who detected corona viruses in lung-infected
samples of dead Malayan pangolins along with Sendai virus
from the Guangdong wildlife rescue center of China which
showed low identities ranging from 80.24 to 88.93% with
known SARS-CoV.

What are the possible ways SARS-CoV2 infect a host cell?
From the available data we have concise the information
pertaining to SARS-CoV2 infection into host cell that is
depicted as Fig. 1.

Step 1 Entry of virus: Viral entry is a fine interplay
between the virion and the host cell and is initiated
by association of the viral particle with specific
proteins on the host cell surface. Thereafter, the
enveloped viruses fuse their envelope with the host
cell membrane to deliver their nucleocapsid to the
host cell. The S protein plays a dual role in this
viral entry process by mediating receptor binding
and membrane fusion, which involves large confor-
mational changes of the S protein. During COVID-
19, SARS-CoV2 S-protein binds to host cell’s
receptor ACE2 (Belouzard et al. 2012; Andersen
et al. 2020)

The activation of the virus: Endosomal pH acidi-
fication is a fusion trigger for corona viruses and
those like SARS-CoV rely on endosomal proteases
for productive entry. As virus enters the host cell,
it moves through the early and late endosomes that
have low pH. In ‘early’ endosome, host proteases
like cathepsin L facilitates cleavage of S protein
in the S1-S2 boundary region leading to fusion of
the viral envelope. Enzyme digestion experiments
have shown that first cleavage event at the S1-S2
boundary probably enables the second cleavage
event at S2’ region, that is responsible for fusion
activation. SARS-CoV spike protein also exhibits
a certain degree of plasticity in the position of the
cleavage site for priming of fusion SARS-CoV. In
‘late’ endosome, the viral genome with its nucle-
ocapsid is released into the host cytoplasm (Cassell
et al. 1984; Yang et al. 2004; Wang et al. 2008;
Belouzard et al. 2012)

Viral replication: Replication occurs in the cell
cytoplasm and the positive-strand viral genomic
RNA is transcribed into a negative RNA strand
that is used as a template for the synthesis of viral
mRNA (Devaux et al. 2020)

Viral protein synthesis: ORFla and ORF1b genes of
viral genome produce two polyproteins (PPs) that
are ppla and pplb which takeover host ribosomes

Step 2

Step 3

Step 4
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Fig. 1 Schematic representation of the SARS-CoV2 replication cycle
and potential targets of CQ/HCQ. Entry of the virus can be seen in
the steps numbered: Step! is entry of virus, Step2 is activation of the
virus, Step3 is viral replication, Step4 is viral protein synthesis, Step5
is transport across ER and GA, Step6 is assembly of virions, Step7 is

Step 5
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for their own translation and replication. As ribo-
some machinery of the infected cells moves in favor
of the virus, it synthesizes non-structural proteins
(NSPs) for virus. These assemble into the repli-
case—transcriptase complex to support viral sub-
genomic mRNA synthesis. NSP1 and NSP2 have
specific functions such as suppression of host gene
expression (Schoeman and Fielding 2019; Devaux
et al. 2020; Prajapat et al. 2020)

Transport across ER and TGN (Trans-Golgi net-
work): After replication, the envelope proteins such
as M, E, and S are translated and gets transport
towards the endoplasmic reticulum (ER)-Golgi
intermediate compartment (ERGIC) complex
to form the structure of viral envelope. Repli-
cated genome binds to N protein and forms the

L oy

budding and exocytosis of virions. The plausible mode of action of
HCQ is via the following means I. Blocking virus entry, II. Blocking
viral transport, IIL. Blocking fusion of endosome-viral envelope, IV.

Inhibiting
ference in

Step 6

Step 7

MAPK pathway, V. Modulating M protein and VI. Inter-
TLR signaling pathway

ribonucleoprotein (RNP) complex (Prajapat et al.
2020)

Assembly: Viral genomic RNA is then packed into
the nucleocapsid and then envelope proteins are
included during the budding step to form mature
virions. The M protein, which localizes to the trans-
Golgi network, plays an essential role during viral
assembly by interacting with the other proteins of
the virus mRNA (Devaux et al. 2020)

Budding and exocytosis: Further after assembly, the
virus particle comes out of the ERGIC via a bud-
like structure. The budding is determined by the
localization of its membrane protein M and finally,
newly formed viral particles are transported to the
cell surface in vesicles and are released by exocy-
tosis mRNA (Devaux et al. 2020)
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The mechanism of viral infection is still not complete
and under study. So far, the data show that the activation of
the virus occurs as it enters the host cell. During this time,
a cleavage process occurs at polybasic (furin) cleavage site
at S1-S2 boundary (formed by insertion of 12 nucleotides),
which is followed by an irreversible conformational change.
Through bioinformatics tool, researchers have identified the
presence of a proline residue in the cleavage site and so
the inserted sequence is “PRRA”. Presence of proline is
predicted to cause addition of O-linked glycans to S673,
T678 and S686 that margin the cleavage site and produce a
mucin-like domain that can shield epitope or key residues
of SARS-CoV2 spike protein (Andersen et al. 2020). These
observations reinforce the fact that SARS-CoV2 has been
optimized for ACE, but the increased virulence in some
humans is not clear. Previously it has been shown that in
Avian influenza, the speedy replication and transmission of
virus in high population of chicken ‘selects’ for attainment
of polybasic cleavage sites in a protein called hemaggluti-
nin or HA (immunodominant viral antigen of HSN1 virus).
Such acquirement of polybasic cleavage sites in hemag-
glutinin (insertion or recombination) has been observed to
convert low pathogenic viruses to very high pathogenic ones
(Andersen et al. 2020). HA has a similar function with the
spike protein of SARS-CoV2 but whether a similar mecha-
nism is operating in COVID-19 needs to be validated.

We have also seen that for SARS-CoV, the evolution-
ary starting point (as evidenced by palm civets) was a pro-
totype virus group with low-pathogenicity with 7 single-
nucleotide variations (SNV) which caused 6 amino acid
changes in the S protein. This group caused the early phase
of the 2002-2003 epidemic. Later, further changes, i.e., 14
SNVs caused 11 amino acid residue changes that produced
a “highly virulent group” which caused the middle phase
of the epidemic of 2003. Thereafter, 6 SNVs caused four
amino acid changes and brought about a group responsible
for the late phase and the global epidemic. The neutral muta-
tion rate of this virus during 2003 was almost constant, at
around 8 x 107 nt™! day_l, which was the same with the
most recognized RNA viruses. Afterwards, a second inter-
species jump recorded in late 2003 to early 2004, caused
resurgence SARS in China. This was, however, thought to
be an independent interspecies transmission event, instead of
residual cases of the major epidemic because the virus had
lower affinity of virus for human ACE2 (Cheng et al. 2007;
Kan et al. 2005; Zhang et al. 2020). Such mutations may be
operational in the case of SARS-CoV?2 virus as well and,
hence, the differences in severity we seen in Italy, China,
United Kingdom, Japan, USA and India.

What governs the affinity of a virus towards the human
host cell? As for the case of SARS-CoV, it was shown that
the binding specificity of virus to host cell was due to 3
prime amino acid residues in S1 protein at positions 360,

479, and 487. Interestingly, the patient samples in the 2003
epidemic had N479 and T487 in their S protein, while most
civet samples had K/R479 and S487, which is a combination
that reduces the affinity of virus for receptor. At the later
stages of the epidemic (2003—2004), both the samples from
humans and civet showed the presence of N479 and S487,
signifying an intermediate stage of mutation of the S protein.
Additional change to the N479 and T487 combination is
believed have allowed competent human-to-human trans-
mission. A different set of studies conducted using samples
isolated from game animals (animals hunted for sports) from
Guangdong also showed high nucleotide similarity with
SARS-CoV. These exhibited an insertion of 29-bp between
Orf8a and Orf8b in animals, which was deleted either before
or soon after crossing the species barrier to humans (Cheng
et al. 2007). We are yet to figure out what are the differences
in amino acid residues of SARS-CoV2 that made it effec-
tively adhere to the ACE receptors on endothelial cells and
lungs and other cells of the human body.

Chloroquine and Its Role in COVID-19

Today, governments face a very urgent need for measures
to tame of the rapid spread of SARS-CoV2. Hence, clini-
cians and researchers across the globe are actively engaged
in identifying effective therapeutic strategies to curb this
deadly disease. To rush through the pandemic, one option
researchers proposed was to ‘repurpose’ drug that has
worked for similar diseases, till herd immunity is achieved
(Zumla et al. 2016; Li and De Clercq 2020). When COVID-
19 was detected in Wuhan, China resorted to test the effec-
tiveness of anti-viral drugs and other infectious diseases
against COVID-19.

How long has it been since we know chloroquine (CQ,
9-aminoquinoline)? It is believed that a scientist named
Hans Andersag and his coworkers discovered a derivative
of CQ at Bayers Laboratories in 1934 (Coatney 1963). After
a long line of controversy as a toxic agent, CQ reinstated
its importance in 1948 by proving its effectiveness against
extra-intestinal amebiasis (Conan 1948). After the World
War I, WHO deployed CQ as one of its principal arms for
combating malaria and now CQ is on the organization’s list
of essential medicines for the same. Today, CQ is known to
be effective against malarial parasites of Plasmodium genus
such as Plasmodium malariae, Plasmodium ovale and Plas-
modium vivax but not against Plasmodium falciparum owing
to the resistance developed (Mejia et al. 2013).

How does CQ help eliminate malarial parasite? During
malaria, the malarial pathogen attacks red blood cell and
degrades hemoglobin in vacuoles of the parasitic cell and
acquires those amino acids for constructing its proteins and
energy metabolism. CQ is basically a lysomotrophic agent
and crosses plasma membrane and organelle membranes by
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simple diffusion process. Once inside the acidic organelles,
CQ gets protonated and cannot leave the site by diffusion.
CQ, therefore, gets concentrated in the acidic organelles
herein the parasitic vacuoles, changing the pH and facilitat-
ing the formation of a complex of ‘heme and chloroquine’
that prevents parasites of Plasmodium genus from drawing
nutrients from the red blood cell. CQ can be transported out
of cells via a protein called multi-drug resistance protein or
MRP-1, an ATP binding protein (Mejia et al. 2013; Mauthe
et al. 2018).

Does CQ have anti-viral effects? Literature cites that CQ
exerts effects against a battery of different viruses such as
flaviviruses, retroviruses and corona viruses. CQ and HCQ
have demonstrated anti-viral potency against Herpes simplex
virus type 1, Zika, HIV, MERS, SARS-CoV, HCoV-0OC43,
Chikungunya and Hepatitis C (Picot 2020). Of the different
mechanisms of anti-viral action known for CQ, the most
intriguing one is its ability to inhibit viruses at the entry
point of host cell which happens in the case of Borna disease
virus, Minute virus of mice MVMp and the Avian leucosis
virus (Savarino et al. 2003). In the case hepatitis A virus, CQ
inhibits uncoating of the virus and, thus, blocking its entire
replication cycle (Bishop 1998, Devaux et al. 2020). Once
inside the cell, CQ works by inhibiting the replication of a
virus by altering the pH of acidic organelles that are sites
of viral DNA replication (Devaux et al. 2020). Apart from
blocking viral entry and viral replication, CQ can also block
the final packaging process in certain viruses. Eg, in the
case of infection caused by enveloped viruses like Mayaro
viruses, CQ administration causes accumulation of the base
in endoplasmic and trans-golgi compartments of the cell.
This affects the functioning of certain low pH-dependent
proteases and glycosyl-transferases which are required for
formation of viral envelopes (Savarino et al. 2003). In Fla-
viviridae viruses, CQ affects normal proteolytic process-
ing of flavivirus prM protein to M protein (Savarino et al.
2003). For non-infectious retrovirus particles, as shown
with the Avian reticuloendotheliosis virus, CQ inhibits gly-
cosylation of envelope glycoproteins (Savarino et al. 2003).
Again in the case of HIV, CQ reduces the production of
the heavily glycosylated epitope 2G12, which is located on
the gp120 envelope glycoprotein surface which is funda-
mental for virus infectivity. Again, these effects are likely
to be attributed to the increased pH in trans-golgi network,
which impairs the function of glycosyl-transferases involved
in the post-translational processing of the HIV glycoproteins
(Savarino et al. 2003).

How effective can be CQ against SARS? In 2005,
Nichol et al. reported the anti-viral effects against SARS-
CoV infection in primate Vero E6 cells (derived from
the African green monkey kidney) (Vincent et al. 2005).
Thereafter, it was found that hydroxyl chloroquine (HCQ,
which has 40% lesser adverse effects than CQ) has a better

@ Springer

anti-SARS-CoV-2 activity than CQ in Vero cells (Dong
et al. 2020; Liu et al. 2020; Wang and Cheng 2020). An
interesting mode of action of both CQ and HCQ is their
ability to inhibit binding of SARS-CoV-2 viral particles to
ACE2 without affecting the cellular level of ACE2 expres-
sion. This was basically via an interference with the gly-
cosylation on ACE2 receptor, which is required for ligand
recognition. This was ensured via inhibition of an enzyme
called quinone reductase-2 which is vital for biosynthesis
of sialic acids and thereby glycosylation process. ACE2
when not in the glycosylated state is less efficient to inter-
act with the SARS-CoV-2 spike protein and is one of the
best ways to inhibit viral entry (Vincent et al. 2005; Wang
and Cheng 2020).

CQ and HCQ also have a track record of reducing
over-production of cytokines during rheumatoid arthritis,
lupus erythematosus, and sarcoidosis (Rebecca et al. 2019;
Schrezenmeier and Dorner 2020). These immunomodula-
tory effects of CQ and HCQ need highlight since they may
be useful for taming the cytokine storm in the COVID-19
scenario (Conti et al. 2020). One of the proposed modula-
tory effect of HCQ is its ability to inhibit the activity of
the nucleic acid sensor cyclic GMP-AMP (cGAMP) syn-
thase (cGAS) by interfering with its binding to cytosolic
DNA, and by stopping TLR signaling and cGAS—stimula-
tor of interferon genes (STING) signaling (Picot 2020). At
the cellular level, CQ and HCQ have been shown to inhibit
immune activation by reducing signaling by Pattern Recog-
nition Receptors (Toll-like receptor signaling) and cytokine
production. Both CQ and HCQ reduce the secretion of
pro-inflammatory cytokines and, in particular, TNF-a in
macrophages. Different mechanisms have been proposed to
explain the reduction in TNF-a by CQ and HCQ like (i) inhi-
bition of TNF-a mRNA expression, (ii) inhibition in post-
translational conversion of pro-TNFa to a soluble mature
form, (iii) a pre-translational stage by a non-lysosomotropic
mechanism and (iv) reduced surface expression of TNF-a
receptors. Apart from TNF-a, CQ also suppresses cytokines
like IL-1, IL-6 and IFNYy in mononuclear cells, again by
modulating TLR (Totura et al. 2015; Lester and Li 2014;
Conti et al. 2020).

In light of the available references, the plausible interfer-
ences by CQ or HCQ are depicted in Fig. 1.

@D Interference of virus binding to host cell: (i) The drug
(CQ or HCQ) interferes with ACE2 receptor glyco-
sylation preventing SARS-CoV?2 binding to target
cells. (ii) Drug limits the biosynthesis of sialic acids
required for cell surface binding of SARS-CoV-2

(I)  Interference in viral transport: Drug modulates the
acidification of endosomes thereby inhibiting trans-
port and formation of the autophagosome (Yang et al.
2004)
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(ITIT)  Interference in viral envelope formation: Drug inhib-
its the cathepsin activity in early endosome of host by
increasing endosomal pH which further blocks cleav-
age of virus envelops S protein leading to stop fusion
of the viral envelope (Wang et al. 2008, Cassell et al.
1984)

(IV) Interference to mitogen-activated protein (MAP)
kinase pathway: By modulating cellular mitogen-
activated protein (MAP) kinase activation, HCQ may
also inhibit virus replication (Savarino et al. 2003)

(V)  Modulating M protein: HCQ may alter M protein
maturation and interfere with virion assembly and
budding (Prajapat et al. 2020)

(VD Interference to TLR signaling pathway: Elevation
of endosomal pH by CQ interferes with TLR9 and
TLR7 processing, hence pathogen recognition via
Toll-like receptor (TLR) and thereby viral infection
(Devaux et al. 2020)

The mechanism of action as detailed above for CQ
or HCQ is from literature but this warrants further
investigations.

Now, the above-described abilities of CQ or HCQ to
function as anti-viral and immunomodulatory agent high-
light the rationale for usage of CQ or its derivate as both
prophylactic and therapeutic agents in clinically admissi-
ble concentrations (Shah et al. 2020). A small randomized
clinical trial conducted in China with 100 patients showed
that CQ had superior effects in inhibiting exacerbation of
pneumonia, improving lung-imaging findings, promot-
ing a virus-negative conversion and shortening the dis-
ease course when compared to a control drug (Jie et al.
2020; Gao et al. 2020) Another clinical trial in Marseille,
France reported by Gautret et al. (2020) demonstrated that
HCQ has efficacy in increasing viral clearance. In that
non-randomized trial (n=36) conducted, HCQ alone and
in combination with azithromycin antibiotic effectively
cleared viral nasopharyngeal carriage as evidenced by the
gold standard PCR (polymerase chain reaction) test (ver-
sus control). The virus clearance at day 6 post-inclusion
HCQ vs. control was 70.0% versus 12.5%, respectively
(»p=0.001). A higher virus clearance effect was seen with
a combinational therapy of azithromycin and CQ. This
combinational therapy was effective because azithromy-
cin is an anti-viral agent that has shown efficacy against
Zika and Ebola viruses (Gautret et al. 2020). However, all
clinical results did not show the same picture. In a rand-
omized study from China, patients with mild to moder-
ate cases of COVID-19 did not show recovery rates when
treated with HCQ (Gao et al. 2020). Likewise, another
study conducted in France with 11 hospitalized cases also
failed to confirm anti-viral activity of HCQ when admin-
istered with an azithromycin (Yazdany and Kim 2020).

A reason for the discrepancy in effect as noted among
these clinical trials could be the dosage of CQ or HCQ
selected; a higher dose of CQ or HCQ may be impart-
ing untoward implications, especially if not monitored.
The current doses tested may be with respect to the anti-
malarial effects of CQ and HCQ when the body encoun-
ters a deadly pathogen of plasmodium genus or even with
respect to the other viral infections that it was tested with.
Since CQ is effective at blocking viral entry, it would have
better effects as a prophylactic or for patients with mild
symptoms. We also see that trials were conducted dur-
ing the different stages of the pandemic; at severe stages,
perhaps, a different therapeutic regimen is required. Upon
further mutations with time (that is seen in the different
stages of a pandemic), the adherence propensity of the
virus towards host cells may change (increased) that CQ
or HQ alone may not be not alone sufficient as an anti-
viral therapy. At the same time, a toxicity profile of CQ or
HCQ in combination with azithromycin versus azithromy-
cin and CQ or HCQ should be conducted to rule out the
toxicity arising from combinational therapy (Gautret et al.
2020). Additional research to carry out research on CQ
and HCQ is emphasized because unlike other drugs, apart
from the ability to block viral infection, these drugs also
have immunomodulatory effects which is very much use-
ful for countering the initiation of the cytokine storm seen
in COVID-19 patients (Conti et al. 2020). Although this
review focuses on the beneficial effects of CQ, we do not
overlook some of the precautions as evidenced from clini-
cal studies (van den Broek et al. 2020). During the course
of the prophylactic or therapeutic regimen involving CQ
or HCQ, frequent monitoring of hematological parameters
(RBC, WBC and platelet counts), measurement of serum
electrolytes, blood glucose (owing to the hypoglycemic
potential of HCQ), liver function test, kidney function test
and electrocardiography are warranted at time intervals to
rule out any toxicity. Combinational therapy of CQ with
any other allopathic drug be it azithromycin, lopinavir/
ritonavir and remdesivir is warranted only after testing
in in vitro model systems and pre-clinical trials. Clinical
experience has shown that chloroquine is well absorbed
in the body and distributes widely in the system. It has an
apparent and terminal half-life of 1.6 days and 2 weeks,
respectively (Smit et al. 2020). The drug is metabolized
by cytochrome P450 and renal clearance is responsible
for one-third of total clearance of chloroquine (Smit et al.
2020). So with lower dose, it is probable that chloroquine
can be used safely for an acute virus infection. But some of
the potential side effects of HCQ and CQ, such as retinopa-
thy, vomiting, diarrhea and increased risk of arrhythmia,
should be also taken into account (Conti et al. 2020) and
we presume that these may be countered by a combina-
tional therapy wherein the beneficial effect of CQ may be
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retained and the toxicity of CQ may be alleviated. Table 1
gives framework of some of the research work published
using CQ or HCQ with suggested drug doses for treatment
regimen of COVID 19.

While this article was under revision, we came across an
extensive collaborative study by Picot (2020), which stated
that in the current context of the severe worldwide health
emergency, it is practical for clinicians to use HCQ even if
it can only reduce viral load by 10-30%. They mentioned
that these are effective measures in reducing COVID-19
spread and improving clinical outcome in health care work-
ers. They have stated that HCQ at doses matching that of the
standard treatment of Systemic Lupus erythematous [which
has proven safety and efficacy in terms of HCQ blood and
tissue concentration adapted to bodyweight at 6 mg/kg/day
1 (loading dose) followed by 5 mg/kg/day, with a maximum
limit of 600 mg/day in all cases] can be used as a drug for
exposed people. The duration of HCQ treatment can be as
long as contact with a positive patient lasts. In the case of
repeated exposure to virus, then treatment is suggested to
be for a min of 10 days so that there is a steady state of drug
concentration in blood (Picot 2020).

Anti-lysosomal Activity of CQ-Betulinic Acid Combination

We also include in this article some details of our pilot study
where we tested the effect of a combination of CQ (Sigma
Aldrich, USA) and betulinic acid (Sigma Aldrich, USA) on
lysosomal function in mononuclear cells, in the absence of
a pathogen. BA (3p-hydroxy-lup-20(29)-en-28-oic acid) is
a triterpenoid belonging to lupane series which has a wide
range of pharmacological properties like topoisomerase
inhibitory potential (Chowdhuri et al. 2002), anti-cancer
(Ren et al. 2010), anti-malarial (de Sa et al. 2009), anti-
viral (Pavlova et al. 2003) and anti-inflammatory proper-
ties (Chowdhuri et al. 2002; Vijayan et al. 2011). BA can
be extracted from bark of birch tree and many other plant
sources (Moghaddami and Ahmad 2012). Purified form of
botanicals is a rich resource for novel antiviral drugs as these
can interact with different stages of the viral life cycle, such
as viral entry, replication, assembly, and release, as well
as on the targeting of virus—host-specific interactions. CQ
is itself a synthetic form of quinine isolated from barks of
barks of cinchona trees native to Peru. So, it was of interest
to check whether BA and CQ exerted an additive effect on
lysosomal function. Briefly, mononuclear cells were isolated
from healthy volunteers by density gradient centrifugation as
detailed in Vijayan et al. (2011). Blood collected on heparin-
ized tubes were loaded on Histopaque-1077 (Sigma Aldrich,
USA) and centrifuged at 800 rpm for 30 min. The buffy coat
layer at interface was retrieved and plated on type I colla-
gen coated cell culture dishes containing RPMI-1640 media
containing 10% FBS. After 4 h, the media were carefully

changed to remove the floating lymphocytes. The adher-
ent mononuclear cells were cell cultured till plate reached
75-80% confluency (2-3 days). Cells were then shifted to
media with autologous serum and exposed to a standard-
ized concentration of chloroquine (CQ, 2.5 micromolar) or
betulinic acid (BA, 10 ng/ml) and a combination of both
(CQ+BA). BA was pre-treated for 20 min prior to CQ addi-
tion that was for 4 h. f-hexosaminidase activity was deter-
mined in cell lysates by colorimetric assay as previously
described by Lew and Rarrazzi (1991). Lysed cell extracts
prepared by repeated freeze—thaw cycles from basal, CQ-,
BA- and CQ + BA-treated cell cultures were incubated with
p-Nitrophenyl-2-deoxy- f-p-glucosaminide (5 mM) in 0.1-M
citrate/phosphate buffer, pH 4.5 for 1 h. The p-nitrophenol
released by the enzyme-dependent hydrolysis of the sub-
strate was quantified spectrophotometrically (Shimadzu,
Japan) at 405-nm wavelength. Units of activity were defined
as nanomoles of substrate per hour per mg protein. Results
of the study demonstrate that a combination of BA and CQ
has greater effect in reducing lysosomal activity as com-
pared to CQ or BA (Fig. 2). This is a pilot experiment con-
ducted in the absence of a cargo. CQ is known for inhib-
iting autophagy by impairing autophagosome fusion with
lysosomes rather than by affecting the acidity and/or deg-
radative activity of this organelle (Mauthe et al. 2018). So,
the reason for reduction in activity of lysosome enzyme by
CQ as seen in our pilot study requires investigation. We are
assuming reduction in the count and activity of lysosomes
with CQ exposure. But whether BA is potentiating the effect
or not requires more sophisticated experimentations which
is a futuristic aspect. We are hoping that if we can lower the
dose of CQ by including BA, such combinational therapy
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Fig.2 The effect of a combination of betulinic acid and chloroquine
on lysosomal function as evidenced by beta-hexosaminidase activity
in mononuclear cells. Units of activity were defined as nanomoles of
substrate per hour per mg protein. The results are a mean of 3 experi-
ments where each experiment was conducted in duplicate. Statistical
analysis was conducted by ANOVA followed by Duncan test using
SPSS software
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can be considered for improving efficacy of treatment in
conditions of pathogen overload.

Conclusion

CQ has been in pharmaceutical industry for 50 years now. It
has low cost and is reasonably safe to use and widely avail-
able in countries where malaria is endemic, but CQ usage
warrants frequent monitoring of physiological parameters
to avoid any adverse effects. CQ has distinct ways of attack-
ing a virus. CQ interferes with the glycosylation of cellular
receptor of SARS-CoV to block viral infection. CQ inhibits
the quinone reductase-2, which is involved in sialic acid bio-
synthesis required for ligand recognition. CQ changes the
pH of lysosomes and likely inhibits cathepsins that lead to
the formation of the autophagosome which cleaves SARS-
CoV-2 spike protein. The potency of CQ can be increased
when used with an anti-viral agent. The Government of India
has put up a platform for identifying the use of botanicals
to treat disorders. In that context, the effect of a botanical
like betulinic acid was tested. This botanical has reported
that anti-viral effect may aid to reduce the dose of CQ for
prophylactic or therapeutic regimen. Pre-clinical and clinical
studies are required to confirm this.
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