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The recent outbreak of coronavirus pandemic (COVID-19) introduced by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has greatly affected the global public health. This pandemic disease became
particularly threatening after the start of a new wave. Vaccines of tested efficacy to stop COVID-19 infection are
being investigated vigorously worldwide. Currently, some specific drugs have been authorized for COVID-19, but
the improvement of antivirals requires time. Hence, a faster way of treatment is done by drug repurposing.

Repurposing of drugs is promising for treating and reducing the symptoms of the disease, and it a fast, easy, and
safe method to address the crisis, because of their previously known applications. Some antimalarial drugs,
especially chloroquine and hydroxychloroquine, have been repurposed, as they exhibited promising results in
vitro and in vivo. This article investigates repurposed antimalarial drugs, focusing on their antiviral mechanisms
of action, effects in combinations, trial results, and their side effects.

1. Introduction

In Wuhan city (China), December 2019, COVID-19 was identified as
the reason for numerous and severe pneumonia-like cases [1,2].
SARS-CoV-2 is the cause of mild to severe pneumonia accompanied by
some symptoms like cough, fever, and difficulty in breathing, which
constitute the first stage of infection [3]. In the second stage, a cytotoxic
effect is produced, causing respiratory failure and probably respiratory
distress syndrome. The third stage of the disease is activated by a
hyper-inflammatory reaction leading to systemic effects such as fatal
cardiovascular effects [4]. It causes alveolar damage and respiratory
failure followed by death in severe conditions [5]. Also, a cytokine storm
can be produced as a result of the persistent and strong immune
response, causing viral progression and death [6]. Therefore, COVID-19
has been identified as a pandemic disease [5]. It has a high morbidity
rate and this has led to quarantine, causing massive economic loss [6]
(see Fig. 1)

The transmission of the virus occurs through social communication
with COVID-19 patients, affected by sneezing, coughing, and contacting
with infected elements, then touching the mouth, nose, eyes, or by the
possible oral-fecal route [7-9]. It was found that the virus is stable for
hours in aerosols (half-life is about 1 hour) and for 72 hours on metal
and plastic surfaces (half-life is about 7 hours) [10].

It has similarities in phylogenic characters with severe acute respi-
ratory syndrome (SARS-CoV-1) and Middle East respiratory syndrome
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(MERS-CoV). Thus, SARS-CoV-2 is the third coronavirus showing the
progression of viral transmission’s capability [11].

In 2002, 8000 individuals were reported as SARS-CoV-1 cases, about
30% of them needed mechanical ventilation, and about 10% of the pa-
tients suffered from fatal symptoms. In 2012, more than 2500 cases were
reported as MERS-CoV patients, and the first place that reported its
existence was Saudi Arabia with a 35% mortality rate. SARS-CoV-2 is
thought to be transferred from bats -its natural reservoir-to humans via
an intermediate host [12]. The transmission by humans greatly occurs
through the symptomatic patient in SARS-CoV-1 and MERS-CoV, unlike
SARS-CoV-2, which transmission can occur through the asymptomatic
case [4,13].

SARS-CoV-2 is an enveloped single-strand RNA virus [4,11]. It
carries a 96% genome in common with bat coronavirus. Its essential
target is type-II alveolar epithelial cells in the airway, which contain
angiotensin-converting enzyme 2 receptors (ACE2) on their surface. This
receptor is utilized by the virus for internalization like SARS-CoV-1. The
SARS-CoV-2 is quickly replicating in the host cell and then producing
massive signals leading to a response of pro-inflammation of the body.
Consequently, the virus spreads fast through the blood to other organs
such as the heart, liver, spleen, and kidney. However, SARS-CoV-2 has
low pathogenic effect than MERS-CoV and SARS-CoV-1, it is greatly
transmitted from one case to another leading to global lock-down and
affecting adversely global health [14].

A new wave of coronavirus is envisioned by several researchers. The
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occurrence of the new wave is not accurate, but it may infect people who
have been cured of COVID-19 or uninfected people. All predictions
concerning herd immunity remain a matter of conjecture [15].

The in vitro and in vivo studies are still defined, effective treatments
and their recovery approaches are urgently needed to overcome this
pandemic disease. Moreover, developing a new effective drug takes time
to examine its biotherapeutics, and this is unacceptable especially for
the current difficult situation. So, repurposing of medication is needed
because of its known side effects, pharmacokinetics, safety, and exact
dosage; as a result, their usage will be faster with low cost of clinical
trials [16-18]. However, many antiviral and anti-inflammatory drugs
have been used, no drug has been confirmed as an effective treatment
[5]. Besides, the development process of the new effective drug needs
more than a billion dollars taking from 10 to 15 years to be produced
with only a 2.01% of success rate [19].

Drug development includes five steps: discovering, in vitro studies, in
vivo studies, FDA reviewing, and finally FDA post-market monitoring of
the safety. While drug repurposing needs only four steps: compound
identification, compound acquisition, clinical research, and FDA post-
market monitoring of the safety [20]. There is global pressure to
discover a cheaper and faster solution for this pandemic disease. Also,
there is a global agreement to use repurposed drugs as a faster solution
[21].

Repurposing, re-tasking, or re-profiling drugs refers to utilizing pre-
approved, shelved, discontinued, and investigational drugs to cover the
need for a fast cure to terminate pandemic disease problems [22-28].
Repurposing has two concepts, the first one is that multiple targets are
interacted by a single drug, which helps discover new targets for that
acknowledged drug. The second concept is that targets correlated with a
disease are usually pertinent to some pathogenesis biological processes,
that help in designing a new indication [19]. So, repurposing provides
fast, riskless, efficient, and good economic treatment [11,22]. There are
three steps in the repurposing process: the first one is the recognition of
the candidate drug for a specific indication, the second one is the
mechanistic application of the effectiveness of the drug in the preclinical
stage, the third and final step is the efficacy estimation in phase II
clinical trials. This can be done by several methods: mainly by compu-
tational approaches like molecular docking, signature matching, genetic
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association method, retrospective clinical analysis, novel data sources
screening, and pathway mapping, and the second approach is an
experimental one including phenotypic screening and binding assays for
recognizing the target interactions [29].

Many clinical trials were initiated to examine the repurposed drugs
that can be used for inhibiting SARS-CoV-2 in vitro or even for holding
therapeutic benefits in the treatment [6]. The repurposed drugs should
be accessible, cheap and at least one of protocoled drugs has an antiviral
property for off-label usage [30]. By skipping the first steps, it goes
straight to preclinical and clinical testing, thus minimizing the risks and
the cost [11].

However, there are some challenges in the repurposing process: like
big data problems that include expanding the gap between the capability
of producing huge biomedical data and the capability of interpreting,
analyzing, and integrating data. Besides, these data are heterogeneous
and dissimilar, which produce extreme difficulties in data integration
[29]. Besides, selecting the optimal dose in a different indication.
However, the knowledge of drug previous data like preclinical and
toxicologic data, may not be suitable for the new indication. These
challenges raise the total cost and make the project less attractive in
some situations [31].

Antimalarial drugs are potent candidates for repurposing because
they were broadly examined in the prophylaxis and therapy frame, and
also are widely used with extent groups of age [13,32]. It has immu-
nomodulatory and anti-inflammatory effects [7]. Therefore, the authors
explore the overall analysis of candidates of antimalarial drugs that were
repositioned against SARS-CoV-2.

1.1. Antimalarial drugs fighting against SARS-CoV-2

1.1.1. Chloroquine

Chloroquine (CQ) is a form of quinine that is used for treating ma-
laria [8]. It was examined in Beijing hospitals and according to the re-
sults, it was recommended to be the first drug used for COVID-19
treatment in China especially chloroquine phosphate [10,12]. Its anti-
viral effect has been shown through in vitro studies in 1960 [12,13]. It
showed improvement in the radiological examination of lung more than
lopinavir and ritonavir, and also decreased the hospitalization period
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Fig. 1. SARS-CoV-2 lifecycle and several inhibitory mechanisms of CQ/HCQ.
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[33]. Some studies showed the efficacy of CQ and hydroxychloroquine
(HCQ) in the cell culture but HCQ was lower in toxicity compared to CQ
[34]. CQ and HCQ share nearly the same chemical structure and
mechanism of action as well [35]. CQ was tested in vitro and on an an-
imal model showing a promising result but the animal model for HCQ is
not confirmed yet [36]. CQ has been used in treating greater than 100
COVID-19 patients exhibited promising outcomes [37].

It was found that COVID-19 patients with mild, moderate, or severe
pneumonia cases without CQ contraindication can be treated by it for
ten days, 500 mg two times in the day showing high efficacy in recovery
time and body temperature [10,21]. Also, these two drugs treat
asymptomatic cases, and they can be used for prophylactic treatment
[38]. In vitro studies showed that CQ can block coronavirus infection
with ECsp of 1.13 pm and with CCsp of more than 100 pm [39].

1.1.1.1. Clinical trials of chloroquine. Patients who do not suffer any
complications with chloroquine took oral CQ phosphate 500 mg (300
mg of CQ) twice a day for a maximum of 10 days. This duration was
reduced to avoid serious side effects to 7 days for patients with more
than 50 kg and an age range of 18-65 years old. Also, for patients below
50 kg with the same age range, the duration decreased to 2 days, and
then they took the drug once daily for the next 5 days. The adverse ef-
fects of CQ were observed like nausea, vomiting, diarrhea, abdominal
pain, cough, itching, and shortening in breathing but it was not excluded
during the treatment duration [10,15]. Some trials indicated that
greater than 100 cases of COVID-19 who took CQ phosphate showed
recovery in lung imaging and a decrease in the treatment course dura-
tion despite its narrow margin between the toxic and the therapeutic
doses [12,30].

1.1.2. Hydroxychloroquine

Hydroxychloroquine (HCQ) differs from CQ by the hydroxyl group.
This group makes the compound more water-soluble, which may cause a
large field of conformations and fewer side effects [29,30]. Its intra-
molecular hydrophobic activity shows that CQ is more compacted than
HCQ [40]. It was used for malaria and autoimmune diseases like rheu-
matoid arthritis and lupus, and currently, in vitro studies showed that it
is capable to hamper the COVID-19 virus [12,33].

It was found that HCQ and CQ were effective with coronavirus pa-
tients in China [41]. Over the long term usage, HCQ has a safety profile
and efficacy higher than that of CQ, and so low drug interactions and a
high daily dose can be obtained with good tolerance [11,21,42]. Its
greatest tolerable dose is 1200 mg, because of its low accumulation level
in tissues so 400 mg daily is considered a safe dose and consequently
minor side effects can be expected in long-term therapy. It has a large
lung concentration and distribution volume [43]. Also, it has a safe
profile for pregnant women [13,44].

Coronavirus cases that carry the nasopharyngeal virus could be
cleared within three to six days by indication of HCQ which has fast
renal elimination and rapid absorption from the gastrointestinal tract
[11,21]. Results from a Chinese team indicated that HCQ inhibits
coronavirus in vitro with ECsg of 0.72 pm and with a higher potency than
CQ with ECsp of 5.47 pm [41].

1.1.2.1. Clinical trials of hydroxychloroquine. Some solidarity trials
which assessed the effectiveness of HCQ, remdesivir, interferon, and
lopinavir/ritonavir against SARS-CoV-2 showed no or small impact on
total mortality, hospitalization period, and ventilation initiation. Their
temporal trial outcomes showed that the effect of HCQ and lopinavir/
ritonavir on hospitalized cases mortality have a small or no impact
compared to the standard record. So, their investigator disrupted the
trials with quick effect. Besides, the temporary outcomes did not give a
strong proof of mortality rate increasing; so, this decision covered only
the behavior of solidarity trials in hospitalized cases. Moreover, it does
not influence the other studies estimation of HCQ or lopinavir/ritonavir
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in pre and post-exposure prophylaxis and non-hospitalized patients
[45].

1.1.2.1.1. Clinical trials of hydroxychloroquine alone and with
azithromycin. A French study showed that the administration of 200 mg
HCQ three times per day by 26 COVID-19 patients resulted in decreasing
the viral carriage on the sixth day of treatment in comparison to the
control group, which did not take HCQ [10,46]. By adding azithromycin
(ATM) in the treatment protocol of 80 patients, a fast reduction in the
viral load of the nasopharynx with 93% on the eighth day was recorded.
A Chinese study divided 62 cases by ratio 1:1, the first group took 200
mg of HCQ-sulfate twice daily for 5 days with standard treatment and
the control group took antibacterial, antiviral drugs, and immunoglob-
ulin with corticosteroid or without it and with oxygen therapy. The
study results showed that HCQ reduced the cough duration, the time
required to normal body temperature return, and improved the lung
image [33].

1.1.2.1.2. Hydroxychloroquine trials with a zinc supplement. Zinc is
important for the physiological antiviral effect. It is an important
micronutrient for our body and its deficiency can occur in elderly pa-
tients with chronic pulmonary issues, cardiovascular issues, or diabetes.
There is a hypothesis that indicates that zinc with CQ or HCQ will be
more efficient than CQ/HCQ alone. In vitro studies showed that zinc
inhibits RARp of coronavirus and stops its replication besides its anti-
viral effect against some viruses like Hepatitis E. Adding zinc supple-
ment as ionophore to CQ or HCQ can produce a synergistic or additive
effect [47,48]. Moreover, zinc activates antiviral immunity, which is so
important especially for older cases. Increasing zinc level intracellularly
especially in lysosomes can decrease the viral RdRp activity; thus,
decreasing virus replication. It can be taken with 45 mg daily for a year
as a supplement to reduce infection incidence in the elderly, and it is
well tolerated and safe taking dietary allowances into account.

According to some treatment experiments, it is important to take an
antibiotic in combination, so taking HCQ 200 mg twice daily, azi-
thromycin 500 mg once daily and zinc-sulfate 220 mg once daily for 5
days is recommended [48].

1.1.2.1.3. Hydroxychloroquine combination with nitazoxanide, lopi-
navir, or ritonavir. A synergistic combination of HCQ and nitazoxanide
was reported by Padmanabhan, through inhibiting the viral replication
by HCQ and regulating innate immunity by nitazoxanide. There is
another combination in India that indicated the promising activity of
HCQ with lopinavir or ritonavir as lopinavir and ritonavir act on viral
3CLpro protease, which causes proteolysis in the viral replication cycle
[49].

1.1.2.1.4. Hydroxychloroquine combination with ivermectin. Iver-
mectin is an antiparasitic drug with broad-spectrum activity, represents
the second drug line in COVID-19 treatment. It was approved by the FDA
by having broad-spectrum antiviral effects using in vitro studies. It was
found that it can decrease SARS-CoV-2 replication by 99.98% after 48 h
of indication [50]. Although its mechanism of action is not well-known,
it is thought to have the same mechanism against other viruses by
inhibiting the host protein and viral nuclear import. Besides, it shows no
toxic side effects at any time [51]. It is also safe for the COVID-19
pregnant cases, and there is only one clinical study concerning iver-
mectin and HCQ combination to prove its efficacy [50].

1.1.2.1.5. Postexposure hydroxychloroquine trail. The postexposure
prophylaxis from COVID-19 using HCQ has a narrow capacity [52].
There is a study that registered 821 patients with no symptoms, who had
occupational exposure to a confirmed case of COVID-19 with lesser than
6 ft in distance and within greater than 10 min without wearing an eye
shield or face mask (high risk) or with face mask-wearing but without
eye shield (moderate risk), receiving HCQ or placebo 800 mg once then
600 mg through 6-8 h followed by 600 mg every day for additional 4
days. After the patients’ exposure to moderate to high risk of corona-
virus infection HCQ did not block the infection [53].

1.1.2.1.6. The failure of hydroxychloroquine and some other drugs in
clinical trials. The solidarity trials in 30 countries, at 405 hospitals,
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assigned 11,330 adults to randomized trials, 2750 patients received
remdesivir, 954 received HCQ, 1411 received lopinavir without inter-
feron, and 2063 with interferon, and finally 4088 without trial drug. The
adherence was about 94-96% and the crossover was about 2—-6%, this is
all with total deaths of 1253 cases, and the maximum number occurred
on day 8. 301 deaths were recorded of 2743 remdesivir treated cases,
303 deaths of 2708 cases that received its control, 104 deaths of 947
HCQ treated cases, 84 deaths of 906 cases who received its control, 148
deaths of 1399 lopinavir treated cases,146 deaths of 1372 who received
its control, 243 deaths of 2050 interferon treated patients, and 216
deaths of 2050 cases who received its control. This indicated that no
drug has approved its ability to reduce the mortality rate [54].

1.1.3. Chloroquine and hydroxychloroquine pharmacokinetics
Bioavailability of oral CQ and HCQ can be raised to 80% in plasma
peak through 2-4 h. Thus, the parenteral route may be notably better
than the oral route that represents a big interpatient changeability. Their
half-life between 30 and 60 days and their distribution volume is
200-800 L/kg. More than 60% of these drugs are excreted unchanged in
the urine and the other 40% is cleared via liver, skin, and stool [55]. CQ
has 51% unchanged drug in renal excretion and 21% for HCQ [43].

1.1.4. Chloroquine and hydroxychloroquine mechanisms of action

1.1.4.1. Acting on ACE2 receptor. They can inhibit the virus pre-entry
stage by occupying the cell receptors (ACE2), where the S (spike)
virus protein can bind, and prevent endocytosis [34,46,55]. In-silico
study supported that CQ strongly blocked S-ganglioside. The N-terminal
domain (NTD) of SARS-CoV-2 S protein was observed as an attachment
interface, its tip acts as a connection interface. Besides, the S protein
contains a receptor-binding domain (RBD) that binds to the ACE2 re-
ceptor. This study supported the approach of dual receptor binding: RBD
has a role in the recognition of the ACE2 receptor, and NTD has a role in
finding lipid raft (ganglioside-rich landing place) on the cell surface. The
human ganglioside (GM1) cannot bind to NTD and CQ or HCQ at the
same time, because of the same method of interaction (CH-r stacking
interaction and H-bonding). This study represented the competitive in-
hibition activity of CQ/HCQ to bind ACE2 [40].

1.1.4.2. Increasing the cellular PH. These drugs are weak diprotic bases,
so they can disrupt viral replication like uncoating and fusion by rapidly
increasing the endosomal PH (alkalization). This procedure can be made
through their accumulation in lysosomes and endosomes, as they act like
weak bases, interfere with viral protein modification (post-translation),
and impair viral antigen recognition, which needs acidification of the
endosome for the proper function of the virus [56,57].

1.1.4.3. Interacting with sialic acid. Interaction of CQ with mono-
saccharides sialic acids which takes place at the end of the sugar chains
on the proteins of cell transmembrane (ganglioside of the cell) could
increase the antiviral spectrum of the drug since some viruses like
orthomyxoviruses and human coronavirus 043 (HCoV-043) bind to
sialic acids as receptors and recently SARS-CoV-2 was proved for its
ability to bind to sialic acid [3,40,42].

Through an in-silico study, it was exhibited that sialic acid usually is
presented in gangliosides and glycoprotein taking human ganglioside
GM1 in this study as an example. By the formation of H-bond, OH group
can force HCQ to bind to sialic acid, two molecules of CQ or two mol-
ecules of HCQ can bind to GM1 polar head at the same time, and this
clarified that HCQ binding is stronger than CQ. There are two binding
sites that GM1 holds, the first in the saccharide moiety tip of GM1, and
the second one is large that includes saccharide moiety and the junction
of the ceramide-sugar. This in-silico study supported that CQ and HCQ
have good binding energy to the isolated sialic acid, and also have a
good affinity to GM; so, binding of SARS-CoV-2 S protein to the
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ganglioside occupied by the drug is blocked. Also, these drugs have a
great affinity to 9-O-SIA (9-O-acetyl sialic acid) -a subtype of sialic acid-
which the SARS-CoV-2 can bind. There is a good interaction between 9-
O-SIA and CQ having an energy of —45 kJ/mol. In this situation, the
cationic group in the nitrogen-containing ring of CQ bound to the sialic
acid carboxylate group, and OH-rt and van der Waals interactions sta-
bilized the complex [40].

1.1.4.4. Interfering with the glycosylation. CQ has an antiretroviral ac-
tivity through inhibiting gp120 envelope glycoprotein glycosylation and
the newly synthesized particles of the virus are non-infective [42,55]. In
vitro studies showed that they hamper the N-glycosylation of viral re-
ceptors [58]. CQ and HCQ deactivate different enzymes like glycosyl-
transferases, resulting in glycosylation inhibition. This inhibition can
also be a result of developing the response of host adaptive immunity
and blocking the fusion and ACE2 receptor [5].

1.1.4.5. Chloroquine and hydroxychloroquine as anti-inflammatory
drugs. It was suggested that CQ is an immunomodulatory agent, indi-
rectly reduces proinflammatory signals production, inhibits interleukin-
beta (IL-p) mRNA expression and release, it also inhibits interleukin-6
(IL-6), interleukin-1 (IL-1), and tumor necrosis factor-alpha (TNF-o).
As a result, it blocks the event cascade which causes acute respiratory
distress syndrome (ARDS) [59]. It can increase soluble antigen expor-
tation to dendritic cells cytosol and improve the response of human
cytotoxic T lymphocytes (CD8 + T-cell) against the antigen of the virus
[40,46,56]. HCQ showed its ability to hinder the cytokine storm by
reducing the expression of CD154 (CD40 ligand) [35]. It also decreased
T-cell differentiation, activation, expression, and prevented the pre-
sentation of major histocompatibility complex (MHC) to T-cells. It can
also disrupt the interaction between DNA/RNA, toll-like receptor, and
the nucleic acid sensor cyclic GMP-AMP (cGAMP) synthase (cGAS)
therefore pro-inflammatory gene transcription cannot be activated [35,
60].

1.1.4.6. Inhibition of mitogen-activated protein kinase and the budding. It
was recommended that CQ can inhibit kinases like p38 mitogen-
activated protein kinase (p38 MAPK), alter the budding of the virus
occurring in the endoplasmic reticulum Golgi intermediate compart-
ment membrane (ERGIC), where the protein of the viral envelope can be
infused by creating mature virions [58], interfere with the M protein
proteolytic process and probably inhibit cathepsins which is essential for
S protein cleavage [41,46].

1.1.5. General side effects of chloroquine and hydroxychloroquine

CQ is a human ether a-go-go related gene (hERG) inhibitor, and it has
a proarrhythmic effect because it inhibits the inward cardiac potassium
current; so it can cause lethal-ventricular arrhythmias and lengthen the
QT interval [60,61]. It can also bind to melanin pigment and irreversible
retinopathy can be produced with prolonged use [43]. Other adverse
effects can be indicated like vomiting, nausea, dizziness, vertigo, and
myopathy. These toxicities raised fears about self-administration, severe
toxicity, overdose, and death presented in popular journalism [62].

1.1.5.1. QTc interval prolongation. Through HCQ accumulation and
protonation, it hampers the lysosomal phospholipase effect leading to
skeletal and cardiac muscle vacuolization [56], QTc interval prolonga-
tion, and raises the incidence of torsades de-pointes (TdP). Other med-
ications like macrolides can raise that risk [43], this depends on the
dose. Studies showed that volunteers who took 600 mg their QTc
increased by 6.1 ms, and those who took 1200 mg their QTc increased by
28 ms [63]. Some studies showed that the HCQ and ATM combination
has more QTc interval variation than HCQ alone and increased cardio-
vascular problems [64]. Cases treated with HCQ or CQ and ATM have no
reported arrhythmogenic or TdP deaths [65], but patients with cardiac
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issues should be monitored with QTc interval assessment [63].

1.1.5.2. Hyper/hypo-glycemia. The mortality of coronavirus cases with
diabetes is 7.6% despite it is 0.9% with non-comorbidities corona cases.
It is claimed that hyperglycemia is produced by pancreatic islet cells
transitory inflammation over SARS-CoV-2 binding to ACE2 in islet cells,
so transitory insulin-dependent diabetes is produced, which recover
with the resolution of COVID-19. The high ACE2 glycosylation in the
nasal airway, oropharynx, tongue, and lung with no control of hyper-
glycemia may increase the infection and the severity of the disease. CQ
and HCQ act as hypoglycemic agents, taking one of these drugs for
treating rheumatologic diseases in diabetic patients that are producing
hemoglobin Alc reduction in the comparison of methotrexate; so, there
is a reduction of COVID-19 hyperglycemia, the disease risk factor. An in-
silico study suggested that these drugs bind to the UDP-N-acetylglucos-
amine-2-epimerase active site, which activates the step of rate-
determine within the pathway of sialic acid biosynthesis, so these
drugs interfere with the protein glycosylation within the Golgi apparatus
[66].

1.1.5.3. Neuropsychiatric effect. CQ and HCQ can cause mania,
insomnia, confusion, agitation, depression, paranoia, psychosis, cata-
tonic, and suicidal thoughts. It can happen to different ages through
acute or chronic treatment with or without mental illness history. The
recovery is thought to happen when the drug is stopped, despite the
recovery of the symptoms that may not happen quickly [63].

1.1.5.4. Drug-drug interactions. Both CQ and HCQ inhibit CYP2D6 ac-
tivity through competitive mechanisms. For example, these drugs raise
the peak concentration of oral metoprolol to 75% and systemic exposure
by 65%. These drugs also potentiate more CYP2D6 substrates like car-
vedilol and sap the efficacy of prodrugs, which depends on the activation
of CYP2D6 like tramadol and codeine. Unlike azithromycin showing a
bit decreasing in CyP450 or P-glycoprotein (drug-transport protein)
[63]. Other drugs that should not be taken or should be taken with
highly monitoring include antiepileptics, digoxin, cyclosporine, ant-
acids, moxifloxacin, amiodarone, insulin, azithromycin, praziquantel,
tamoxifen, and antibiotics [67].

1.1.5.5. Overdose side effects. Both CQ and HCQ are very toxic espe-
cially when taken with overdose showing coma and seizures due to
toxicity of CNS, prolongation of QT interval and QRS widening due to
cardiovascular collapse, and hypokalemia. Treating overdose adminis-
tration can be done by taking activated charcoal, vasopressors, intra-
venous benzodiazepine, hypertonic saline, sodium bicarbonate for QRS
widening and correlated arrhythmias, and wise hypokalemia manage-
ment to avoid overcorrection [63].

1.1.6. Safety interests

Side effects are vacuolar myopathy, retinopathy, restrictive cardio-
myopathy, and neuropathy. These side effects are negligible in COVID-
19 treatment, but they may appear when we use them as prophylactic
drugs [63]. The appearance of these side effects vary from one case to
another, as myopathy can appear at the minimum in the first 6 months
after CQ or HCQ therapy initiation [68], retinopathy can appear after 5
years of CQ or HCQ treatment, and HCQ shows less toxicity than CQ in
retinopathy [69,70]. Also, cardiac problems appear in median 7 years of
these drugs treatment [70], and 6 months after HCQ treatment can
induce neuromyotoxicity [71]. These side effects and dose adjustment
are considered big challenges for these drugs [72].

1.2. Other antimalarial drugs used in treating COVID-19

There is a newly approved antimalarial drug-like halofantrine HCL
with SARS-CoV-2 ECsg equals 0.33 pm and oral approximately plasma
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peak concentration (Approx. Cpax) equals 1 pm [2].

Mefloquine was used in COVID-19 management [1], but the danger
of convulsions increased with cases treated with it [56].

N1-(7-chloroquinolin-4-yl) (AQ-13) is another antimalarial drug in
phase II clinical trials with SARS-CoV-2 ECs( equals 1.07 and oral
Approx. Cpax equals 10 pm [2].

Also, pyronaridine is an antimalarial drug that has broad-spectrum
antiviral activities, it could fit greatly to the main protease (Mpro)
binding pocket; so it may be a good promising repurposed drug for
COVID-19 [73].

Moreover, artemisinin is an antimalarial drug and holds an over-
lapping immunomodulatory effect against viral replication and inflam-
matory diseases. It is used to treat fever and can be a suitable drug for
83.3% of COVID-19 patients, who suffer from fever. It can inhibit TNF-«
and IL-6, mediators of ARDS which deteriorate COVID-19 patients’
state. It can be a promising treatment, as it has a safe toxic profile; so, the
high dose can be taken with lesser damage. Also, it can be an alternative
to other drugs having higher side effects like CQ and HCQ. Furthermore,
it can suppress the cytokine storm as well [74].

2. Conclusion

The large mortality rate makes COVID-19 a pandemic disease and a
crucial target for researchers nowadays, especially after the new wave
arrived. Currently, some complex drug regimens are available for
treating chronic patients with SARS-CoV-2. The safety and efficacy of
these potential drugs are most likely to be studied in the treatment of
COVID-19. The repurposing of drugs that have antiviral activity, like
antimalarial drugs, could be a suitable solution to overcome this
pandemic crisis, specifically when manufacturing a new vaccine takes a
long time to confirm efficacy and safety towards humans. CQ and HCQ
hinder SARS-CoV-2 replication in symptomatic and asymptomatic cases
by several mechanisms, such as interfering with the virus endocytosis,
budding, and reproduction, which were tested by preclinical and clinical
studies. Clinical studies showed the speedy recovery of more than 100
patients within a maximium10 days by exhibiting recovery in lung
image. These two drugs can be taken with supplements to increase their
efficacy, like azithromycin, nitazoxanide, ivermectin, lopinavir or rito-
navir, and zinc supplement. Azithromycin with HCQ reduces the naso-
pharynx viral load by 93% in only 8 days, and this represents a good
combination efficacy. Ivermectin is an effective combination because it
was represented as the second drug line in the treatment protocols. Also,
zinc is an important supplement especially with elderly patients as it
hinders RdRp activity in host tissues. However, HCQ showed greater
efficacy and low toxicity than CQ, because it has better activity, an
improved safety profile, and can be tolerated with a high daily dose.
Also, it is safe to administer to pregnant women and its accumulation in
the lung is greater than its accumulation in other host tissues; hence, it
exhibits good lung activity and the side effects are low. Other antima-
larial drugs that have anti-SARS-CoV-2 activities can be promising al-
ternatives to CQ and HCQ because they have lower toxicity. These
findings suggest that antimalarial drugs are an important class for
treating COVID-19.
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