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Abstract

Objective: A novel coronavirus disease (COVID-19) has spread all around the world. The progression from initial
signs to a diagnosis of acute respiratory failure is usually related to spontaneous cytokine production. There is a
growing need to classify appropriate medicines for treatment care. The inhibitory effect of chloroquine (CQ) is
potential. However, CQ can lead to serious side effects. Various studies recommend hydroxychloroquine (HCQ)
have similar antiviral effect as of CQ and maybe a better therapeutic solution. Therefore, we aim to explore the
mechanism by which HCQ can inhibit replication of coronavirus. Materials and Methods: A retrospective study
was carried out using online databases from 2003 to 2020. Results: The obtained results showed that HCQ can
inhibit viral replication and entry inside the cell through raising lysosomal pH and binding to specific receptors on
the cells, thereby, preventing viral entry. Conclusion: HCQ has a better safety profile than CQ and also modulates
cytokine syndrome. However, further studies are needed to explore this mechanism.
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INTRODUCTION

coronavirus disease (COVID-19) outbreak

caused by a novel coronavirus (named
severe acute respiratory syndrome coronavirus
[SARS-CoV-2]) later started in Wuhan,
China, and expanded rapidly in China and
worldwide.[*?! On March 12, 2020, the World
Health Organization announced the COVID-19
outbreak as a pandemic.’! According to recent
studies, approximately more than 80% of the
infected patients presented with moderate-
level infections and the total case-fatality
rate is more than 5% but exceeds 12% in
patients aged 70-79 and 20% in those aged
80 years.*! Therefore, there is an immediate
need for adequate care to treat symptomatic
patients but also to decrease the length of the
propagation of the virus to reduce population
transmission.

In late December 2019, an emerging
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Among potential candidate drugs to treat COVID-19,
repositioning old drugs for use as antivirals are an
interesting strategy because of information about the safety
profile, side effects, and dosage and drug interactions.>¢! A
number of studies have been recently shown to evaluate an
appropriate therapeutic protocol for COVID-19. A recent
study about chloroquine (CQ) phosphate which is an old
antimalarial agent endorsed its inhibitory effect on the
growth of SARS-CoV-2."" According to the clinical trial
conducted among COVID-19 Chinese patients, findings
showed that CQ had a significant effect, both in terms of
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-19 management

clinical outcome and viral clearance when compared to
control groups.®!

On March 28, 2020, the U.S. Food and Drug Administration
permitted CQ and hydroxychloroquine (HCQ) to be utilized
among severely infected COVID-19 patients, especially if
they hospitalized. Moreover, for decades, these two drugs
(CQ and HCQ) have been widely used for the treatment
and management of malaria and several autoimmune
diseases. Several clinical trials in China have shown that
CQ is effective against COVID-19. CQ has also played
a positive role in handling outbreaks of the Zika virus and
SARS-COV.I" Experts suggest that patient diagnosed with a
mild, moderate, and severe cases of COVID-19 pneumonia,
without CQ contraindications, be treated with 500 mg of
CQ twice daily for 10 days.''! Studies revealed that CQ
confers its significant wide-spectrum antiviral effects
through interrupting the fusion process of these viruses by
increasing the intracellular endosomal and lysosomal pH.
CQ also alters the glycosylation of the cellular receptors of
coronaviruses.'? Further, another study demonstrates that
CQ and HCQ act as zinc ionophores, allowing zinc to enter
into the cells, zinc concentration increases in cytosol, and
zinc inhibits RNA-dependent RNA polymerase.['] HCQ,
which is an analog of CQ, also shown to have similar in vitro
anti-SARS-CoV activity.'" However, the clinical safety
profile of HCQ is greater than that of CQ and allows for a
higher daily dose,!"”! with fewer concerns about drug-drug
interactions.!'® Replacement of N-diethyl group of CQ with
N-hydroxyethyl side chain in HCQ makes it more soluble
with fewer side effects. HCQ increases pH just like CQ and,
therefore, exhibits antiviral effects.

In addition, it shows a modulating effect on activated
immune cells and downregulates the expression of toll-like
receptors (TLRs) and, therefore, ultimately decreases the
production of interleukin (IL)-6. Retinopathy is a dosage-
limiting side effect of HCQ, and a secure daily dosage seems
to correlate to an ideal body weight of 6.5 mg/kg and actual
bodyweight of 5.0 mg/kg. Although more clinical data are
available on CQ anti-coronavirus activity as compared to
HCQ, both drugs are theoretically identical with respect to
antiviral activity. Furthermore, CQ may show interaction
with lopinavir/ritonavir in patients with COVID-19 and lead
to prolongation of QT interval. Hence, HCQ consideration
is safer than CQ in this perspective as well since other
therapeutic agents for COVID-19, that is, antiviral agents
(oseltamivir, lopinavir/ritonavir, ribavirin, etc.), interferons,
and intravenous immunoglobulins that do not show drug-
drug interaction with HCQ.['7-18]

METHODOLOGY

A retrospective study from the literature was conducted
between 2003 and 2020 by setting a criterion from an extensive
literature review about CQ and HCQ studies done during early
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months (February 2020—June 2020) of COVID-19 pandemic.
The main objectives were determined and finalized.

Statistical analyses

For data analysis, descriptive statistics were used and data
were analyzed using Statistical Package for the Social
Sciences version 24.0.

RESULTS

This study had some main valuable points that were explored.
These are presented in Table 1.

Table 2 shows the major adverse drug events of CQ. However,
they are varied among varied populations but more or less are
common.

Table 3 illustrates the major adverse drug events of
HCQ. Similarly, like CQ, they are varied among different
populations but more or less are common.

Table 4 demonstrates the toxicity profile of CQ. Depending
on the severity of the patients’ condition, age, comorbidities,
and drug dose adjustments, they may be varied among
different populations.

Table 5 presents the toxicity profile of HCQ. Depending on
the severity of the patients’ condition, age, comorbidities, and
drug dose adjustments, they may be varied among different
populations.

Table 1: The major highlights of the study

No. Statements

COVID-19 is a major global threat nowadays

2 No specific treatment has been established for
the COVID-19 infection yet

3 CQ and HCQ mechanism of action in COVID-19
disease infection could play a role

4 CQ and HCQ could inhibit viral replication

through a mechanism of alkalization of
endosomes and may prevent virus attachment to
ACE receptors in COVID-19 patients

COVID: Coronavirus disease, HCQ: Hydroxychloroquine,
ACE: Angiotensin-converting enzyme

Table 2: Main adverse drug events of CQ

Headache

GIT cramps

Nausea

Vomiting

Blurred vision

Hair color change or loss




Table 3: Adverse drug events of HCQ

a) Most frequent
Nausea
Vomiting
Headache
Skin rash
Dizziness
Vertigo
GIT upset

b) Less frequent
Liver disorders
Light phobia
Skin scars
Hypoglycemia

HCQ: Hydroxychloroquine

Table 4: Toxicity profile of CQ

Dyspnea

Inflammation
Mouth/throat infections
Sunlight phobia

Skin disorders
Tiredness

Hearing loss

Mood disorders

Table 6 shows the most noticeable drug interactions of
CQ and HCQ. Depending on the severity of the patients’
condition, age, comorbidities, and drug dose adjustments,
they may be varied among different populations.

DISCUSSION

Several antiviral drugs were tested for effectiveness in
inhibiting replication of COVID-19 (SARS-CoV-2) in cell
culture, and CQ is a drug renowned due to its efficacy in the
management of malaria and autoimmune disease.®”) Many
trials were carried out to assess the action of CQ and HCQ
in COVID-19 patients. Therapeutic outcomes were more
prevalent in fever suppression, changes in CT imaging, as
well as disease retardation. In the sixth edition of the latest
pneumonia diagnosis and treatment program published
through China’s National Health and Care Commission in
February 2020, CQ has officially declared a therapeutic agent
for COVID-19. The suggested regimen in adults is 500 mg/
day that is the human body average safe dose.!”!

HCQ is among the antirheumatic disease-modifying
medications (DMARDs) having close chemical composition
tothatof CQ. The DMARDs display high immunomodulatory

Asian Journal of Pharmaceutics * Jan-Mar 2021 « 15 (1) | 10

Table 5: Toxicity profile of HCQ

a) Short term
Heart problems
ECG abnormalities
Cardiac arrest
Cardiac death

b) Long term
Microvascular
Myopathies
Neuropathies
Retinopathies

HCQ: Hydroxychloroquine

Table 6: Prominent drug interactions of CQ and
HCQ

Antifungals

Antidepressants

Macrolides

Antiemetics

Quinolones

Antiarrhythmics

Cytochrome 450 inhibitors
P-glycoprotein eliminators

CQ and HCQ metabolism competitors
CQ and HCQ absorption reducers
HCQ: Hydroxychloroquine

ability, which prevents the progression of inflammation as
well as organ damage.*” In general, HCQ can contribute to
higher intracellular pH and thus impede lysosomal function
in antigen-presenting cells, plasmacytoid dendritic cells as
well as in B cells, thereby stopping the processing of antigens
and major histocompatibility complex class II-mediated
autoantigen exposure to T cells. This eventually diminishes
the stimulation of T-cell differentiation or costimulatory
protein expression (e.g., CD154 on CD4+ T cells),?!! also
cytokines formation such as IL, (i.e., IL-1, IL-6, and TNF).
In the meantime, because of altered endosomal pH along
with disrupted binding among TLR7, TLR9, and their RNA/
DNA ligands, TLR processing gets inhibited due to HCQ
treatment.

HCQ also works by interfering with the interaction of
DNA and nucleic acid sensor cyclic GMP-AMP (cGAMP)
synthase (cGAS) in the cytoplasm. Since TLR signaling
and cGAS interferon gene activation (the STING pathway)
become hindered through HCQ), resultant pro-inflammatory
signaling stimulation and cytokine formation including
are attenuated.>?®) These mechanisms strongly support
the view that HCQ is expected to confer a capacity to
control cytokine release syndrome due to overactivation of




the immune system stimulated through SARS-CoV-2 and
ultimately attenuate the disease’s progression from mild to
serious.?”

In addition to the function of immune regulation, CQ and
HCQ prevent the attachment to receptors as well as membrane
fusion, the two key steps required by coronaviruses for
cellular uptake. CQ is believed to have an antiviral activity
during pre-/post-infection situations through interfering with
angiotensin-converting enzyme 2 (ACE2) glycosylation
(SARS-CoV cell receptor) and blocking viral fusion with the
cell membrane.

Impeded glycosylation of ACE2 can decrease the
association between ACE2 with the spike protein SARS-
CoV. Consequently, the virus attachment to cell receptors is
obstructed, ultimately preventing infection. When CQ and
HCQ join a cell, they localize inside the low pH endosomes,
Golgi vesicles, and lysosomes. They utilize endosomes
as a tool for cell access which results in raising the pH of
endosomes to impart a negative effect among virus and
endosomes’ fusion process.*® By splitting the coronavirus
surface spike proteins, lysosomal proteases induce the
cell’s fusion with the virus membrane, and increasing the
pH of lysosomes reduces its protease function and fusion
mechanism. COVID-19 spread inhibition was noticed with
CQ treatment before or in later infection hence indicating
prophylactic and therapeutic advantages of CQ. Since HCQ
displays identical mechanisms as of CQ, it would be highly
possible that HCQ can function likewise in early protection
and prevention of the disease.*

Patients with prolonged use of CQ and HCQ may
experience serious adverse effects and drug interactions,
including retinopathy, circular defects, retina diametric
defects, and cardiomyopathies. Older patients prescribed
with CQ and HCQ therapy, may experience toxic effects if
the dose is exceeded their recommended dose limits. HCQ,
on the other hand, has a bit lower tissue accumulation
level, which could demonstrate the implication linked
to less adverse outcomes as compared to CQ. Yet, it is
effectively used in malaria treatment and prevention.
However, prolonged ingestion of HCQ over 5 years of the
period could contribute to retinopathy.B” In addition, CQ
exhibits a range of adverse events on fetal, hence, HCQ is
also recommended for pregnant patients since it protects
from congenital heart block episodes because of a possible
suppression of type I interferon formation in autoimmune
diseases.!32

CQ and HCQ in COVID-19 patients

Despite the fact that CQ and HCQ have considerable safety
margins, yet their use in severely ill COVID-19 patients
may cause various instances of severe complications
and/or deaths.["33%] These complications usually could
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arise due to multiple factors like their high dose than the
recommended or prescribed, concomitant use of some other
antimicrobials like azithromycin, and very severe COVID-19
patients.4) There may be a need of a specialized stepwise
pharmaceutical care plan for patients suffering from severe
COVID-19 infections.[*#?! But again, there should be very
careful and thorough monitoring under the proper care of a
qualified health-care professional is a must thing to tackle
any unwanted effects and drug interactions. Such unwanted
and side effects could range from a simple drug allergy to
congenital long QT interval syndrome.

Both CQ and HCQ have some mild-moderate side effects
and drug interactions with many regularly used drugs, which
if ignored, can cause a severe health risk for COVID-19
patients, especially with severe shortness of breath. Such
drug interactions and side effects must need to be identified
and addressed. Besides, if there are some severely life-
threatening side effects appear among COVID-19 patients,
then both of the drugs, that is, CQ and HCQ should be stopped
immediately, tapered down their dose, adjust their dose, or
alter the drug regimens especially when given concomitantly
with other drugs.['%40-42]

Although, simultaneous use of CQ or HCQ with azithromycin
may be of great significance but to avoid or minimize longer
QT syndrome, such patients must be observed under critical
care or intensive care. To determine that a drug should be
avoided or contraindicated in patients, usually risk score
is thought to be >11 to declare long QT syndrome. On
the other side, where this risk is higher than 11, the drug
is considered as contraindicated. For this substantial and
life-threatening issue, all COVID-19 patients which are on
HCQ therapy should have monitored regularly for their QT
interval.[19:3¢-3]

Regarding some cardiac adverse effects in COVID-19
patients, eclectrolyte imbalance should also be observed
which could lead to cardiac complications. And to avoid
these imbalances, use of diuretics especially loop diuretics
should be started and patients sign and symptoms should be
monitored to reduce the severe chances of cardiotoxicity.
In the case of stable tachycardia after administering HCQ,
magnesium sulfate should be immediately administered
over 15 min."’#2%1 In the case, where patient does not
respond, isoproterenol infusion at 2—10 mcg/min can be
given. Besides, pacing to a rate of 100—120 depolarizations
per minute to suppress tachycardia can also be started.!*-35-3]

Current scenario in COVID-19

The beneficial role of CQ and HCQ in COVID-19 patients’
management is a vibrant element and could rapidly change
once the results of randomized trials in different parts
of the world are evident. Based on the site of action, both
CQ and HCQ have antiviral properties which made them a




choice to manage COVID-19 patients. Both of these drugs
are immunomodulators and downregulate the cytokine
production which can mitigate the effects of SARS-CoV-2
virus infection in target vital organs such as the lungs, heart,
liver, and gut.[***4 Although, there are considerable evidences
in vitro studies that both CQ and HCQ have strong antiviral
properties, yet most of the health professionals are against the
use of HCQ in management and post-exposure prophylaxis
of COVID-19 patients.!*>#! Despite this, both CQ and HCQ
have a narrow margin of safety that can cause severe side
effects, drug interactions, and unwanted effects in terms of
cardiotoxicity.!'*4”]

CONCLUSION

It is recommended that HCQ for the treatment of SARS-
CoV-2 infection in COVID-19 patients could function as a
better therapeutic option than CQ because HCQ dampens
the extreme advancement of COVID-19 infection by
suppressing storm of cytokine release through decreasing
the expression of CD154 on T cells. Furthermore, HCQ
can have comparable antiviral effect in both early and
later infection stages than CQ and due to the fact that it
has fewer side effects, is healthy individuals, especially in
pregnant women, and is widely available than CQ. Given
the increasingly rising COVID-19-infected patients, with
the immediate requirement of efficient and safe medicines,
it is also more realistic to identify and develop precise,
particular, and more suitable medications than the secondary
supportive medications such as CQ and HCQ.
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