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ABSTRACT

The widespread outbreak of SARS-CoV-2 was declared a public 
health emergency by the World Health Organization and various 
governments worldwide. This prompted the implementation of 
stringent infection control measures to curb the spread of the 
virus. Amidst this, the medical community faced the challenge of 
treating the virus without specific therapies or a vaccine, leading 
to reliance on empirical treatment approaches. In this context, 
hydroxychloroquine, an antimalarial and antirheumatic drug, gained 
attention as a potential treatment option. Despite its theoretical 
benefits, such as inhibiting viral entry, reducing inflammation, and 
modulating immune responses, empirical studies yielded inconsistent 
results. Some indicated a potential for symptom relief, while others 
showed no significant improvement in patient outcomes. The initial 
enthusiasm waned as the lack of substantial evidence led to revoking 
its Emergency Use Authorization, and several clinical trials were 
prematurely halted. The review in question critically examines the 
factors contributing to the ineffectiveness of hydroxychloroquine 
in treating SARS-CoV-2 infection, highlighting the complexities of 
drug repurposing during a rapidly evolving pandemic.

K E Y W O R D S :  S A R S - C o V- 2 ;  H y d r o x y c h l o r o q u i n e ; 
Pharmacogenomics; TLR signaling; Cardiotoxicity

1. Introduction

  Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) poses a serious risk to human health. As of the latest data, 
the pandemic has resulted in 774 631 444 reported cases and has 
tragically led to several fatalities worldwide[1]. Characterized by its 

ability to spread swiftly among people, the average time between 
successive cases (serial interval) was approximately 7.5 days. 
Additionally, the timeframe from the onset of symptoms to death 
can be as brief as 14 days, with this duration often being even 
shorter in elderly individuals. This highlights the rapid progression 
of the disease, particularly in older populations[2]. Moreover, SARS-
CoV-2 commonly leads to acute respiratory distress and pneumonia, 
and many patients have also reported experiencing gastrointestinal 
symptoms[2].
  Coronaviruses are characterized by their enveloped structure, 
positive-sense single-strand RNA, and distinctive glycoprotein 
spikes on their surface. The genetic composition of SARS-CoV-2, 
spanning 29 881 base pairs, shares similarities with bat-derived 
SARS-like coronaviruses, specifically bat-SL-CoVZC45 and SL-
CoVZXC21. In patients infected with SARS-CoV-2, there is an 
observed increase in interleukin (IL) levels, particularly IL-1B, as 
well as heightened levels of interferon-γ (IFN-γ), IFN-γ-inducible 
protein 10, monocyte chemoattractant protein, granulocyte colony-
stimulating factor, macrophage inflammatory protein, and tumor 
necrosis factor (TNF)-α[2,3]. 
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In the early phase of the pandemic, the evaluation of evidence-
based data resulted in the recognition of aminoquinolines for their 
efficacy against various viral infections. This led to the exploration 
of hydroxychloroquine as a potential treatment option for managing 
SARS-CoV-2.
  Hydroxychloroquine (HCQ), belongs to the 4-aminoquinoline class 
and has a long history of being prescribed for preventing and treating 
uncomplicated malaria, typically administered with an initial loading 
dose of 800 mg, followed by doses of 400 mg at 6, 24, and 48 
hours[4]. Its ability to inhibit plasmacytoid dendritic cells and reduce 
the release of proinflammatory cytokines has led to its application 
in treating rheumatoid arthritis and systemic lupus erythematosus[5]. 
Moreover, HCQ is effective against Whipple disease[6] and is used 
in combination with doxycycline to treat Q fever endocarditis[7]. 
  Following early indications of potential effectiveness, the Food 
and Drug Administration granted an Emergency Use Authorization 
for the use of HCQ in treating SARS-CoV-2 infection on March 
28, 2020[8]. Nevertheless, various research studies have challenged 
the assertions regarding the effectiveness and safety of HCQ, 
leading to the suspension, withdrawal, or termination of numerous 
clinical trials. The World Health Organization, which had started the 
Solidarity trial to investigate HCQ, halted it promptly due to interim 
findings indicating no reduction in mortality rates among patients[9]. 
The Medicines and Healthcare Products Regulatory Agency 
has concluded clinical trials investigating the use of HCQ in the 
treatment of SARS-CoV-2[10]. The University of Oxford launched 
a Randomised Evaluation of COVID-19 Therapy trial focusing on 
hospitalized patients. This trial was subsequently discontinued when 
it was determined that HCQ did not effectively reduce mortality 
rates in these patients[11]. The Oregon Health and Science University 
had started a randomized, double-blind study to evaluate the effects 
of HCQ on patients with SARS-CoV-2 but this study was ultimately 
discontinued[12]. New York University Langone Health conducted 
a study to investigate the efficacy of HCQ in treating COVID-19 
patients, but this study was subsequently suspended[13]. Furthermore, 
after considering the risk-benefit analysis and recognizing the lack 
of effectiveness, the Food and Drug Administration has rescinded 
the Emergency Use Authorization of HCQ and ceased its application 
in the treatment of SARS-CoV-2 infection. Therefore, this review 
focuses on the disadvantages of using HCQ and explores potential 
reasons for its ineffectiveness.

2. HCQ-how did the use begin?

  The decision to use HCQ for treating SARS-CoV-2 infection 
was likely influenced by initial in vitro and in silico studies. These 
studies demonstrated that HCQ exhibited antiviral properties against 
SARS-CoV-2 in Vero E6 cells, observed after incubation periods 
of 24 and 48 hours. Specifically, in the therapeutic context, HCQ 

showed a median effective concentration (EC50) of 6.14 μM after 
a 24-hour incubation and 0.72 μM following a 48-hour incubation. 
For prophylactic use, the EC50 values were 6.25 μM and 5.85 μM 
at 24 and 48 hours of incubation, respectively[14]. Consequently, 
the proposed dosage of HCQ for use was an estimation derived 
from its effectiveness observed in in vitro studies. Additionally, the 
potential of HCQ as an anti-inflammatory and immunomodulatory 
agent might have been a key factor in considering its application 
for SARS-CoV-2 infection. Furthermore, the capacity of HCQ to 
accumulate in the lungs at concentrations up to ten times higher than 
in the bloodstream also played a role in its proposed use[15] and led 
to the belief that it could be suitable for respiratory tract infections. 
Moreover, its long elimination half-life, suggested that it could be 
administered in fewer doses[16]. Furthermore, the longstanding use 
of HCQ in treating rheumatological conditions with minimal notable 
side effects has been well-documented[17]. Its affordability also 
made it a viable option for patients who bear the cost of treatment 
themselves. Additionally, the compatibility with antiviral agents 
and immunoglobulins ensures no adverse impact on its therapeutic 
effectiveness when used concurrently, further supporting its potential 
use[18]. These factors likely contributed to the initial consideration of 
HCQ in the treatment of SARS-CoV-2 infection.

3. Mechanistic role of HCQ

  The S glycoprotein on the surface of the SARS-CoV-2 virus 
interacts with the angiotensin-converting enzyme-2 (ACE2) 
receptors, which are abundant in human epithelial airway cells. HCQ 
acts by inhibiting the terminal glycosylation of ACE2, leading to 
molecular alterations that hinder the virus’s ability to attach and fuse 
with the host cell membrane[19]. HCQ, a lysosomotropic amine[20], 
interferes with the action of hydrolases contained within lysosomes. 
HCQ raises the pH, alters lysosomal enzyme activity, inhibits 
proteases, and affects viral maturation[21]. HCQ is a late-phase 
inhibitor of autophagy and interferes with the fusion of lysosomes 
with autophagosomes. Also, HCQ attenuates antigen processing by 
inhibiting the T-cell receptor-dependent calcium signaling leading 
to apoptosis of a subset of effector T cells[22]. HCQ restrains T cell 
activation by repressing the expression of IL-1, IL-6, and TNF-α[23]. 
Besides, the post-translational modification of viral proteins within 
the endoplasmic reticulum and the trans-Golgi network organelle are 
curtailed.

4. Plausible reasons for poor response

4.1. Lack of dose optimization

  In various studies, a non-standardized dose of HCQ was 
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recommended for treating SARS-CoV-2, as there was no dose 
optimization through clinical trials. The chosen dose was based on 
the lower half of the maximum effective concentration observed 
in in vitro studies. In March 2020, the Italian National Institute for 
Infectious Disease advised using 400 mg of HCQ in combination 
with an antiviral drug for this purpose[24]. In a multicenter, 
randomized, controlled trial involving hospitalized patients with 
suspected COVID-19, participants were given 400 mg of HCQ 
twice daily for 7 days. However, it was found that the risks 
associated with this treatment outweighed the potential benefits[25]. 
Following the recommendations of a task force, a study in Belgium 
implemented a low-dosage regimen of HCQ. The protocol started 
with administering 400 mg twice on the first day, followed by a 
maintenance dose of 200 mg twice daily for the next four days, 
culminating in a total dosage of 2 400 mg over five days[17]. In the 
HCQ-treated population, the case fatality rate was lower (804/454; 
17.7%) relative to the group that did not receive HCQ (957/3 533; 
27.1%)[17]. In a retrospective study involving 368 male patients, 
the group was divided into three categories: 97 patients treated with 
HCQ, 113 treated with HCQ in combination with azithromycin, and 
158 who received no medication. The study found that the mortality 
rates were notably higher, at 27.8%, in the group treated with HCQ 
alone[26]. Mahevas et al. found no significant beneficial effects in 
hospitalized COVID-19 patients who were treated with 600 mg of 
HCQ per day during the first 48 hours, compared to patients who did 
not receive any HCQ treatment[27]. During a randomized, placebo-
controlled trial, participants were given an initial loading dose of 
800 mg of HCQ followed by a subsequent dose of 600 mg after 
6-8 hours on the first day. This was then continued for four more 
days with a daily dose of 600 mg[28]. HCQ was also found to be 
ineffective as a postexposure prophylactic. A contributing factor 
to these poor outcomes could be the recommended dosage, which 
may result in either a sub-therapeutic concentration, insufficient 
for effective treatment, or a higher concentration that could lead to 
toxicity. 

4.2. Pharmacodynamic factors

4.2.1. Impact on ACE2
  The ACE2 is key in converting angiotensin 栻 into angiotensin (1-
7), a process that reduces the risks associated with vasoconstriction 
and water retention, and offers cardioprotective benefits. ACE2 
receptors, which are highly present in human epithelial airway 
cells, act as the essential mechanistic site of attachment for HCQ. 
This enzyme is a critical target for HCQ, as it disrupts ACE2 
glycosylation, thereby hindering the attachment of the virus. In 
patients with COVID-19, there is an observed correlation between 
heightened angiotensin 栻 activity and an increase in viral load[29]. 
Elevated levels of angiotensin 栻 indicate a reduction in the 
production of angiotensin (1-7), which is believed to result from 

the blockade of ACE2 receptors[30]. Furthermore, angiotensin 栻 is 
known to facilitate the accumulation of neutrophils and contribute 
to the occurrence of microvascular thrombosis[31,32]. Hence, ACE2 
receptors represent a significant focal point for HCQ, preventing 
viral entry and potentially reducing their numbers, which could 
contribute to a weakened response. Additionally, variations in the 
ACE2 gene, known as single nucleotide polymorphisms, may also 
play a role in diminishing the effectiveness of HCQ[33].

4.2.2. Effects on TLR signaling
  HCQ exhibits a reduced response toward specific Toll-like 
receptors (TLRs), particularly TLRs 7 and 8. These receptors bind to 
single-stranded viral RNA that has been endocytosed, initiating the 
MyD88 signaling pathway. This, in turn, triggers signaling pathways 
involving MAPK and NF-κB. The activation of NF-κB is believed to 
play a role in regulating autophagy through the expression of genes 
that control this cellular process[34]. Additionally, the activation of 
IRF-5 and IRF-7 occurs through IL-1 receptor-associated kinases 
1/2/4 and TNF receptor-associated factor-3/6[35], resulting in the 
production of type 栺 IFN. Interferons exert a protective role in viral 
infections and contain their replication[36].
  Consequently, HCQ may not significantly interfere with the 
generation of IFN-α, which is induced through the stimulation of 
TLR7 or TLR7-activated plasmacytoid dendritic cells (pDCs). While 
TLR7 is constitutively expressed in pDCs and B cells, its expression 
in macrophages can be induced in the presence of antigenic 
components. TLR7 activation is mediated by proteases like furin-
like proprotein convertases, which do not require the acidification of 
endosomes and function at a neutral pH[37]. 
  As a result, HCQ may have a limited impact on TLR7 signaling, 
potentially allowing for the release of type 栺 IFN and heightened 
immune activation. Furthermore, TLR7 activation can trigger 
the MyD88 signaling pathway, promoting the production of 
proinflammatory cytokines. Interestingly, proinflammatory cytokines 
can enhance the expression of furin-like proprotein convertases in 
immune cells, further supporting TLR7 processing. Consequently, 
HCQ may not be effective in suppressing TLR7-mediated IFN-α 
production by pDCs[37]. 

4.2.3. Vacuolar type H+ ATPases (V type H+ ATPases)
  Vacuolar ATPase (V-ATPase) plays a crucial role in facilitating 
the ATP-mediated transport of molecules across intracellular 
membranes. It consists of V1 and V0 domains, with the V-ATPase 
G subunit 1 belonging to the V1 subunit, responsible for ATP 
hydrolysis. These complexes are central in acidifying organelles 
and maintaining autophagy flux. Organelles like lysosomes have 
macromolecular protein binding sites on their membranes and 
contain hydrolases such as glucosidases, phosphatases, lipases, and 
nucleases. These hydrolases require an optimal pH of around five to 
exhibit catalytic activity, and this acidic environment is maintained 
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within lysosomes by proton pumps like V-ATPases, which transport 
H+ ions from the cytosol into the lysosome interior.
  During the process of lysosomal ATPases pumping H+ ions, 
unprotonated HCQ from the extracellular environment is transported 
along with H+ ions, leading to its protonation and accumulation 
within the lysosome. Consequently, it is plausible to hypothesize 
that an inadequate clinical response to HCQ could be linked 
to dysregulation in V-type H+ ATPases, potentially resulting in 
drug resistance due to alterations in the pH gradient between the 
intracellular and extracellular environments[38]. Furthermore, it is 
worth noting that SARS-CoV-3 CLpro has been reported to cleave 
V-ATPase G1, potentially enhancing viral pathogenicity[39]. This 
suggests that the administered dose of HCQ might not be sufficient 
to counteract the increased virulence of the virus.

4.2.4. Effect on trained immunity
  In the context of the immune system, the adaptive immune system 
cells develop a memory of pathogens upon exposure, and it is now 
understood that innate immune system cells undergo a process 
akin to training or education during their initial encounter with 
antigens. This training involves the reprogramming of monocytes 
and macrophages through various mechanisms, including changes 
in mitochondrial function, metabolic processes, and epigenetic 
modifications. These changes ultimately lead to the activation 
of specific gene transcription, which is essential for the body’s 
host defense mechanisms against future infections[40]. The 
reprogramming of bone marrow myeloid progenitor cells leads to 
the generation of monocytes that are readily equipped to combat 
the invading pathogen[41]. As a result of epigenetic reprogramming, 
the chromatin structure undergoes conformational changes that 
modify the accessibility of DNA to transcription factors. Yao et al. 
have documented the presence of a trained immunity phenotype in 
alveolar macrophages[42]. When trained cells encounter a secondary 
stimulus, they demonstrate an enhanced immune response, which 
can effectively combat the viral load and reduce the likelihood of 
excessive inflammation. Metabolomic and epigenetic investigations 
have indicated that HCQ hinders the crucial host-directed 
mechanism through which innate immune system cells eliminate the 
pathogen[40].
  The impact of HCQ on trained immunity has been substantiated 
through various experiments. In the context of human peripheral 
blood mononuclear cells repeatedly stimulated with bacterial 
antigens, a typical cytokine response was observed. However, when 
HCQ was administered concurrently, this response was notably 
inhibited. Furthermore, upon restimulation with IFN-γ, monocytes 
typically express IL-6 and TNF-α, but this effect was significantly 
reduced in the presence of HCQ.
  Investigation into changes in lysosomal function and their role in 
trained immunity revealed that the inhibition of vacuolar ATPase 
(V-ATPase) led to a decrease in trained immunity. Notably, 

cells exposed to HCQ exhibited reduced transcription in trained 
monocytes, resulting in a substantial decrease in the expression of 
interferon-stimulated genes and other inflammatory genes. This 
modulation of metabolic processes plays a pivotal role in enhancing 
the effector functions of innate immune system cells[43]. HCQ as 
part of its suppressive impact on trained immunity, has been found 
to influence the metabolism of cellular lipids. When monocytes are 
activated by bacterial antigens in the presence of HCQ, their lipid 
composition and physiology are significantly altered[44].

4.2.5. Impact on drug transporters 
  P-glycoprotein (P-gp) is a membrane-bound efflux pump that falls 
under the category of ATP-binding cassette transporters[45]. P-gp 
plays a crucial role in expelling intracellularly available drugs, which 
in turn can modify their pharmacodynamics and pharmacokinetics, 
ultimately diminishing their effectiveness. Reduced expression of 
P-gp can lead to a decreased drug efflux, potentially resulting in drug 
toxicity. Conversely, overexpression of P-gp can make cells resistant 
to drugs. HCQ inhibits the activity of P-gp[46] and as a result, it can 
potentially lead to pharmacokinetic drug interactions. This means 
that patients who are treated with HCQ and are taking medications 
that are substrates for P-gp, such as digoxin and cyclosporine, 
may experience an accumulation of these drugs in their system, 
potentially leading to toxicity.

4.2.6. Genomic changes
  The levels of drug-metabolizing enzymes play a significant role in 
the metabolism of drugs and xenobiotics. Among these enzymes, the 
cytochrome (CYP) P450 enzymes are responsible for catalyzing the 
biotransformation of drugs. The expression of these enzymes can 
be influenced by various factors, including heritable genetic factors, 
disease states, cytokine levels, age, and sex. CYP P450 enzymes 
can exist in multiple allelic forms, and these genetic variations can 
either slow down or enhance the metabolism of drugs, affecting 
their efficacy and safety[47]. Allelic variants of drug-metabolizing 
enzymes can have significant implications for drug concentration 
in the blood. Variants that lack function may lead to higher blood 
concentrations of the drug, while overactive variants may result in 
rapid drug clearance, potentially affecting the drug’s effectiveness. 
In the case of HCQ, it undergoes a metabolic transformation to 
desethylhydroxychloroquine (DHCQ) and desethylchloroquine, with 
further conversion to bisdesethylchloroquine. The metabolism of 
HCQ is facilitated by the enzyme CYP2D6. However, it is important 
to note that individuals with rheumatoid arthritis may exhibit 
interindividual variations in blood concentrations of HCQ, which 
can be attributed to these allelic variations in drug-metabolizing 
enzymes[16]. Single nucleotide polymorphisms occurring in 
genes that encode CYP enzymes have the potential to modify the 
blood concentrations of HCQ and its metabolite DHCQ. A study 
conducted on systemic lupus patients in Korea investigated the 
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relationship between the clinical effects of HCQ and the presence 
of polymorphisms in the genes encoding CYP2C8 and CYP2D6 
enzymes. This research aimed to discern how these genetic variations 
might influence the response to HCQ treatment in these patients[48]. 
Functional polymorphisms in CYP enzymes have the potential to 
disrupt the balance between HCQ and DHCQ concentrations in 
the body. Specifically, patients with the G/G type of CYP2D610 
(rs1065852) polymorphism and the C/C type of CYP2D610 
(rs1135840) polymorphism tend to exhibit a high ratio of [DHCQ]/
[HCQ], indicating a greater conversion of HCQ to DHCQ. In 
contrast, individuals with the A/A type of CYP2D610 (rs1065852) 
and the G/G type of CYP2D610 (rs1135840) polymorphism have 
the lowest [DHCQ]/[HCQ] ratio, suggesting a reduced conversion of 
HCQ to DHCQ in these cases. Functional CYP polymorphism can 
disturb the equilibrium between HCQ and DHCQ concentration[48].
  An alternative study proposed that the ratio of DHCQ to HCQ 
represented as [DHCQ]:[HCQ], could serve as a valuable predictor 
of a patient’s response to HCQ treatment. This ratio has been 
suggested as a potential indicator of how individuals may react to 
HCQ therapy[49]. Phase 栺 enzymes encoded by the CYP2D6 gene 
exhibit over 70 allelic variants, making them highly polymorphic 
among human subjects, and differ in different populations[50]. 
These variations in CYP2D6 gene alleles can significantly impact 
the metabolism and response to drugs like HCQ. Patients who 
possess the A/G rs1065852 (CYP2D610) genotype tend to exhibit 
elevated blood concentrations of DHCQ compared to those 
with the A/A genotype. This genetic variation in the CYP2D610 
genotype can influence the metabolism and levels of DHCQ in the 
bloodstream[48]. Hence, the variability in treatment response can 
also be influenced by the specific genotype that a patient carries[48]. 
The simultaneous use of CYP2D6 substrates like haloperidol 
and ondansetron in conjunction with HCQ can lead to a notable 
prolongation of the QT interval. This prolonged QT interval is a 
cardiac parameter that can have implications on heart rhythm and 
potentially lead to arrhythmias[51]. Approximately 20% of patients 
with European ancestry possess the nonfunctional CYP2D6*4 allele, 
which increases the risk of experiencing toxicity when administered 
HCQ. This genetic variant can impair the metabolism of HCQ, 
leading to the accumulation of the drug in the body and an elevated 
risk of adverse effects[51].
  Single nucleotide polymorphisms within the ACE2 gene, including 
variants like rs4646156, rs879922, rs4240157, and rs233575, may 
give rise to allelic variations that are more prone to causing left 
ventricular hypertrophy[33,52]. Therefore, in individuals with these 
genetic variations, the utilization of HCQ may potentially trigger a 
synergistic response, amplifying the risk of cardiotoxicity.

4.2.7. Proinflammatory cytokines impact drug-metabolizing 
enzymes
  During an infection, the levels of proinflammatory cytokines are 

elevated, and this can have a notable impact on the downregulation 
of drug metabolism, occurring at either the transcriptional or 
post-transcriptional level[53,54]. Elevated cytokine levels can 
potentially have adverse effects on hepatic gene expression and the 
functionality of enzymes. As an example, IL-6 has been observed 
to inhibit the activity of CYP3A, a crucial enzyme involved in drug 
metabolism, particularly in patients with rheumatoid arthritis[55]. 
Cytokines like IL-2 and TNF-α can hinder CYP3A activity and 
reduce the expression of CYP enzymes, respectively. These actions 
can disrupt drug metabolism processes in the body[56]. Changes 
in drug metabolism can potentially lead to negative clinical 
outcomes, particularly when drugs have a narrow margin of safety. 
Additionally, the down-regulation of CYP enzymes can be facilitated 
by the activation of transcription factors such as NF-κB and 
mitogen-activated protein kinase. These molecular mechanisms can 
further impact the processing of drugs within the body[56]. Hence, 
in individuals with COVID-19, the surge in cytokine production 
may exert an influence on the metabolism of HCQ, resulting in its 
accumulation and potentially contributing to its toxicity.

4.3. Toxicities

4.3.1. Cardiotoxicity
  Cardiac complications have been documented in individuals 
receiving HCQ as a treatment for coronavirus infections. Patients 
infected with SARS-CoV-2 who are administered HCQ may face an 
elevated risk of corrected QT (QTc) interval prolongation and the 
potential development of Torsades de pointes, a serious heart rhythm 
disorder. This response can partly be attributed to the larger volume 
of distribution observed in some cases. Hooks et al. have reported 
a moderate prolongation of QTc interval, with approximately 
1.5% of patients experiencing QTc prolongation exceeding 500 
milliseconds[57]. Mercuro et al. have also found an association 
between the use of HCQ and QTc prolongation[58]. Hence, 
patients who display QT prolongation exceeding 50 milliseconds 
from their baseline or reaching above 500 milliseconds are prone 
to develop adverse outcomes with HCQ. Patients who are on 
multiple medications (polypharmacy) and those with inflammatory 
medical conditions may be at a heightened risk of developing QTc 
prolongation[59].
  The QT-interval triggering Torsades de pointes is prolonged by 
HCQ[60]. This safety concern arises from the slowing of outward 
potassium ion movement and an increase in the influx of sodium 
or calcium ions, causing a delay in ventricular repolarization 
immediately after depolarization. Aminoquinolines like HCQ 
can inhibit the rectifier potassium currents (IKr) required for 
the repolarization process, potentially causing morphological or 
structural changes in ion channels and proteins, further contributing 
to the risk of polymorphic VT which is a significant safety concern 
with HCQ[61]. Additionally, HCQ influences repolarization by 
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targeting the KCNH2 gene, which results in the inhibition of protein 
expression in the potassium channel[62].

4.3.2. Drug interactions
  HCQ has the potential to synergize with other drugs, especially 
antiarrhythmic class IA drugs, when used concurrently, leading 
to further QT interval prolongation. This interaction can pose 
an increased risk of arrhythmias and cardiac complications[63]. 
Potassium-wasting diuretics [63],  antipsychotic drugs [64], 
antidepressants[64], and macrolides prolong the QT interval[65,66]. 
Azithromycin, a macrolide, prolongs the QT/QTc interval with 
mortality risk[67,68]. Macrolides can influence the hERG (human 
ether-a-go-go-related gene) and the repolarization process, 
particularly by targeting the His-Purkinje tissue and the M cells in 
the heart. This effect on cardiac repolarization can be significant 
and may contribute to the risk of arrhythmias when macrolides 
are used in combination with other drugs, such as HCQ[69]. Long-
term use of proton pump inhibitors can cause hypokalemia or 
hypomagnesemia[63,70], leading to metabolic abnormalities. The 
significant decrease in potassium ion levels can be a contributing 
factor to the development of torsades de pointes, especially when 
combined with HCQ. Additionally, drugs that inhibit CYP2D6, such 
as amiodarone, quinidine, cimetidine, diphenhydramine, paroxetine, 
ritonavir, and terbinafine may interfere with the metabolism of HCQ, 
leading to its accumulation and potential toxicity. 

5. Conclusion

  The use of HCQ in the management of SARS-CoV-2 infection 
was initially empirical, driven by early reports suggesting potential 
benefits. However, as more extensive population-based studies 
were conducted, the lack of efficacy and increased risks, including 
mortality and cardiovascular toxicity, have become apparent. In 
addition to concerns about cardiotoxicity, therapeutic failure with 
HCQ may be attributed to various factors, including patient-related 
factors, genetic mutations, and a suboptimal response to HCQ. 
Hence, the risk-benefit profile of the medication should be assessed 
in the context of COVID-19 treatment.
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