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Abstract

Hydroxychloroquine and chloroquine have driven attention as potential anti-parasitic therapeutics with extended influences 
against other various medical conditions. Recently, these drugs were presented against the pandemic of COVID-19. In addition, 
there is a growing data concerning the resistance to the traditional anti-parasitic regimens. Here, we introduce a general 
descriptive review to demonstrate (1) a rapid historical view for these drugs, (2) their pharmacokinetics, (3) mode of action 
and how this affected malaria and whether it can applied in other parasitic diseases or not, and (4) their medical manipulations 
in other medical conditions involving COVID-19 in the top of the list. The review also tried to introduce their limitations of 
usage in accordance to previous in vitro and clinical settings. We call for further development in their formula for less toxic 
and more effective pharmaceutical versions.
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Introduction 

Hydroxychloroquine (HCQ) (brand name Plaquenil) and 
chloroquine (CQ) are 4-aminoquinolines antimalarial agents, 
which has recently been regarded as an advantageous 
therapy in a wide scale of diseases other than malaria. 
Interestingly, quinine was attributed conventionally to the 
descendants of the Incan people in Peru dating back to 1630. 
Also, it worth to mention that they had been used as effective 
therapeutics since 1894 for cutaneous lupus. During the 
second world war, chloroquine was tested in the USA as a 
large series of alkaloids constituted of 4-aminoquinolines 
with prophylactic effects against malaria and collateral 
improvement of skin rashes and inflammatory arthritis. 
However, Germans rejected its usage owing to its toxicity in 
the avian experimental models [1,2]. 

Parasitic diseases cause continual morbidity 

predominantly in tropical areas. Available therapeutic anti-
parasitic drugs are far from being optimal in spite of being 
introduced many past decades. However, the financial forces 
of the market are insufficient to support the development of 
new drugs. By the new millennium, the global investment 
presented only 0.1% of the total drug research for tropical 
diseases that subsidize about 5% of the world-wide disease 
burden. 

Many parasites tempt to show drug resistance against 
their common anti-parasitic compounds. At the same 
time, HCQ/CQ are of well-known dynamics and are cost-
effective [3-5]. So that in this review we tempt to display the 
pharmacokinetics and the pharmaceutical actions of HCQ and 
CQ interchangeable; and how can it be beneficial to different 
protozoal infections? Also, we extended in this review to 
show whether HCQ/CQ can be adventitious in other medical 
conditions or not? And to which extend is their safety? 

https://doi.org/10.23880/vij-16000244
https://en.wikipedia.org/wiki/4-aminoquinoline
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Pharmacokinetics

HCQ is water soluble with well achieved absorption 
at pH (7.0-8.0) when being administrated orally. Severe 
malnutrition for instance kwashiorkor affects absorption 
while increased intestinal motion does not. The peak plasma 
level occurs in a time interval of 4–12 h after a single dose. 
A stable plasma level occurs after 4–6 weeks of steady daily 
dose, yet the interindividual variations is significant. Its 
bioavailability is 75% and its half-life is prolonged up to 40 - 
50 days, with low blood clearance (96 ml/min) [6]. 

In regards to its distributive pattern, HCQ and its 
metabolites is characterized by its affinity to the pigmented 
tissues, the mononuclear cells besides other tissues including 
myocytes. The plasma concentrations of HCQ is influenced 
by its robust affinity for a lot of blood constituents, involving 
granulocytes, thrombocytes in addition to the plasma 
proteins; α-acid glycoprotein and albumin. In rheumatoid 
arthritis (RA) patients, blood concentrations vary widely 
up to an eleven-fold in similar doses as part of the drug is 
held on the platelets which increases dramatically in this 
inflammatory disease. Also, in the chronic use, metabolites 
of HCQ involving des-ethyl-hydroxychloroquine and bi-des-
ethyl-hydroxychloroquine are noted to accumulate, and to 
bind to several body tissues, this subsequently affects the 
total plasma level of the drug and its excretion [7-10].

High concentrations increase liability to drug 
toxicity of HCQ that can be manifested in the form of EKG 
abnormalities. Also, it induces profound hypoglycaemia, 
hence it is mandatory to monitor blood glucose levels in 
diabetic patients. HCQ may also increase the serum insulin 

level in prediabetics who are at high risk of developing 
diabetes mellitus. Studies concerning drug-drug interactions 
in spite of being limited their potential kinetic interactions 
for cimetidine and d-penicillamine were documented while 
being speculated safe for ranitidine, aspirin, and imipramine. 
CQ may reduce the hepatotoxicity of methotrexate as it 
contributes to the reduction of its bioavailability. HCQ 
inhibits biotransformation of metoprolol (β-blocker) by 
CYP2D6 [11-15].

Excretion of this drug is mainly renal where 40-50% is 
stereo-selective while 20 to 47% pass in urine unchanged. 
Since HCQ is a weak base, urine acidification enhances its 
excretion. Minor excretion occurs only through the secretory 
pathway in the sweat and saliva or bile. Concerning drug 
efficacy, it worth to mention that the two pharmaceutical 
forms, chloroquine (CQ) and hydroxychloroquine (HCQ) are 
of equal efficacy against malignant malaria; nevertheless, 
the hydroxyl group in HCQ declines its toxicity [16-18]. 
 

Pharmacological Effects of HCQ Involve 

Immune Modulatory Effect
Innate Immunity
The First Activation Signal of Innate Immunity Activation 
(Figure: 1): HCQ inhibits the signalling of the toll-like 
receptors (TLR) by blocking TLR-7 and TLR-9 in the dendritic 
cells. In addition, it interferes with the lysosomal acidification 
and thus inhibit proteolysis besides chemotaxis, endosomal 
phagocytosis, antigen processing, assembly of MHC α and β 
chains, and MHC recycling such that only MHC complexes 
with high affinity are accessible to the cell surface. Moreover, 
HCQ hinders TLR9-mediated B cell functions [19-23].

Figure 1: The first signal of dendritic cell activation. The signal starts by the synthesis of TLR in the endoplasmic reticulum to 
be modified and encased in Golgi apparatus (1) and then it is transported to the cell membrane as a spanning protein (2) to be 
activated by the recognition of the unique molecular configuration of the foreign antigens. Subsequently, the foreign antigens 
will be processed in the phagolysosome (3) and assembled with the MHC-II (4) to be presentable to the second line of immune 
defence (5). The diagram illustrated and clarified the text. Drawn by dr. Enas A. Elsaftawy.
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The Second Signal of Innate Immunity Activation (Figure 
2): HCQ has been regarded as an ion channel inhibitory 
agent. Electrophysiological studies speculated that HCQ 
blocks Ca++-activated K+ conductance in macrophages which 
is ATP dependent. Subsequently, K+ efflux, inflammasome, 
IL-1β and IL-18 secretion, and NO production are all 

inhibited. In this context, HCQ was found to inhibit 
interferon-α, a crucial cytokine in SLE pathogenesis, IL-1 
and tumour necrosis factor. HCQ also antagonize the effect 
of the prostaglandins by inhibiting phospholipase A2 and the 
matrix metalloproteinase enzymes [24-28].

 

Figure 2: The second signal of dendritic cells activation. TLR induce internaliztion of CD39 (1) that consequently leads to 
increased intracellular ATP accumulation (2) to be subsequently released by Panx-1 and cx43 channels (3). Bioavailability 
of extracellular ATP (4) is mandatory for the activation of the P2x7 channels (proinflammatory Ca++-dependent K+ channels) 
(5) with subsequent pro-inflammatory sequels. HCQ is proficient in blocking P2x7 channels and thus suppress inflammation. 
Note the diagram illustrates the above text. Drawn by dr. Enas A. Elsaftawy.

Adaptive Immune Response
•	 Inhibition of T and B-cell receptors calcium signalling. 
•	 Inhibition of antigen-antibody reaction.
 
T cells

Resting lymphocytes maintain a low concentration of 
Ca2+. However, engagement of antigen receptors induces 
calcium influx from the extracellular space by several routes 
as illustrated in figure (3), where calcium acts as a second 
messenger fundamental for activation, differentiation of 
the naive- T-cells and effector functions of mature T cells. 
Strikingly, HCQ exerts anti-TCR-crosslinking that hinders 
calcium mobilization, in a concentration dependent manner. 
Pharmaceutical actions involve primary T-cells and mature 
T-cell lines. 

•	 In the proximal events: TCR-mediated intracellular 
calcium mobilization was inhibited by HCQ in a dose-

dependent fashion. Meanwhile, effect of HCQ (1) don’t 
cover the phosphorylation of the inductive protein 
tyrosine or tyrosine phospholipase C-Ɣ1 enzyme, or (2) 
the total production inositol phosphate [21,25, 29-33]. 

•	 In the distal events: HCQ suppress anti-TCR-induced 
up-regulation of CD69 expression as induction of CD69 
is mandatory for T regulatory cell activation, which is 
beneficial in treating patients with auto-immune disease 
[21,34,35].

B cells
HCQ suppresses deeply the TLR(9)-mediated B-cell 

functions during the inflammatory processes: (1) similar to 
T-cells, HCQ hinders B-cell receptor induced calcium signal, 
(2) inhibits the differentiation of (CD19+IgD-CD27+ memory 
B-cells) in to plasma-blasts and thus (3) inhibit their IgG 
production[36]. 
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Figure 3: Characterization of Ca2+ channels during TCR signalling. (1,2) Antigen presenting cells activate TCR, (3) hydrolysis of 
PIP2 into DAG and IP3, (4) IP3 activates IP3 sensitive Ca channel (endoplasmic reticulum), (5) Ca2+ activates protein kinase C, 
which is also activated by DAG (6). Activated protein kinase C undergoes phosphorylation cascade of the cellular substrates. (7) 
Ca2+ induce activation of cytokine transcription factors. The diagram illustrated the inhibitory effect of HCQ on T cell activation. 
Drawn by dr. Enas A. Elsaftawy.

 
Antigen Antibody Complexes: CQ was found to dissociate 
antigen antibody immune complexes and thus it can reverse 
the antibodydependent cellmediated cytotoxicity (ADCC) 

and complementdependent cytotoxicity (CDC) in a unique 
reaction that was not seen by other immune modulate agents 
for instance methotrexate [37,38]. 

Anti-Coagulant Effect of Hydroxychloroquine was Demonstrated in Figure (4)

Figure 4: Impact of HCQ on coagulation system reduces thrombotic evidence [39,40]. Drawn by dr. Enas A. Elsaftawy.

Hydroxychloroquine in Parasitic Diseases

 Sporozoan

Blood Sporozoan: Plasmodium Spp: The antimalarial 
actions of CQ and its analogues is attributed to (1) its lysosome-
tropic properties as it is a weak base so it accumulates (nearly 

1000-fold) in the acidic media of the parasitic lysosomes 
[41], and (2) the potent immunomodulatory actions of these 
compounds [42]. The process involves the immune recognition 
and the downstream cascade of inflammation [43,44].  

Administration: By dosing: (1) In CQ: immediate oral 
administration of 1000 mg is followed by oral 500 mg at 
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hours 6, 24, and 48 hours. (2) While in Hydroxychloroquine: 
800 mg immediate oral intake is followed by 400 mg oral 
doses at hours 6, 24, 48 hours [45,46]. Action of CQ can be 
potentiated by amlodipine (calcium channel blocker), as its 
accumulation increases inside the erythrocytes of the murine 
models infected with P. falciparum. Also, this combination 
may be beneficial in the treatment protocol of resistant 
strains of P. falciparum (in vitro studies) [47]. In resistant 
strains of P.falciparum HCQ was found to be lesser than CQ 

in efficacy [48].

Limitations of Use in HCQ/CQ in Treatment of 
Malaria: Not recommended for treatment of (1) complicated 
malaria, (2) chloroquine or hydroxychloroquine-resistant 
strains of Plasmodium species, (3) in geographic areas where 
chloroquine resistance occurs, and (4) relapses of P. vivax or 
P. ovale because of being not active against the hypnozoite 
forms of these parasites [49].

Figure 5: In regards to prior studies, HCQ hinders growth and replication of the merozoite as it (1) accumulates in the food 
vacuole (lysosome) of the malaria parasite to raise its pH, (2) interferes with the ability of the parasite to proteolyse hemoglobin 
(Hb) by acting on the protease enzyme called falcipain, (3) interfere with the action of (the parasitic) heme-polymerase enzyme 
that leads to the accumulation of the toxic by-product (β-hematin). The diagram clarified anti-parasitic actions of HCQ in 
malaria. Drawn by dr. Enas A. Elsaftawy.

Tissue Sporozoan: Toxoplasma Gondii 

Therapeutic studies on this parasite started as early 
as 1950s on murine models. In 2011, a case report for 
SLE showed that the immune modulatory effect of HQ 
activates latent toxoplasmosis. In 2019, chloroquine 
resistant transporter in bradyzoites was found to aid in 
the maintenance of the parasite’s viability and its digestive 
vacuole [50-52].

Intestinal Sporozoan: Cryptosporidium 
Parvum 

Causes self-limiting diarrhoea in immunocompetent 
hosts. Several case reports conveyed activation of 
cryptosporidiosis secondary to the immunosuppressive 
status caused by HCQ [53]. 

Flagellate

Intestinal Flagellates: Giardia Lamblia: Despite of being 
cosmopolitan and nearly 5,000 people are hospitalized due 
to giardiasis in USA, few therapeutic protocols have been 
issued. a 5-Nitroimidazole compound is implicated in the 

treatment of most case; however, emergence of treatment 
failure, drug resistance in addition, to the drug side effects 
was introduced [54]. Implication of CQ in giardiasis infection 
dates back to 1961with encouraging results [55-58]. 
However, hydroxy chloroquine despite being less toxic no 
single report can be found in treatment of giardiasis.

Tissue and Blood Flagellates

Visceral Leishmania (Leishmania Donovani): In one case 
report published in 2008, a patient suffered of visceral 
leishmaniasis and SLE was treated with hydroxychloroquine 
combined with lysine acetylsalicylate, steroids, enalapril and 
experienced complete remission [59].
Cutaneous Leishmaniasis: Few case reports were published 
for successful treatment of cutaneous leishmaniasis (spp. 
L.mexicana) in soldiers deployed in Iraq. In addition, 
oral chloroquine in murine models infected with (spp. L. 
amazonensis) showed reduction in the lesion size and low 
parasite number [60-62]. 
Trypanosoma Brucei Brucei And T. Brucei Gambiense: The 
causative agents of the sleeping sickness. In vivo studies CQ 
had a sub-curative effect and prolonged the survival period 
is prolonged. However, HCQ is still naive model for further 
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research [63,64].
Trypanosoma Cruzi: The causative agent of Chagas disease 
(CD). An amusing case report reported that Chagas disease 
was reactivated during treatment with hydroxychloroquine; 
a finding attributable to the opportunistic nature of T. cruzi 
and the immunomodulatory effect of the hydroxychloroquine 
[65,66]. 
Amebiasis: Entamoeba Histolytica: In 1975, a comparative 
therapeutic study documented the priority of metronidazole 
over hydroxychloroquine in hepatic amebiasis; where the 
study reported the accelerated rate of healing. Similar result 
in intestinal amoebiasis was documented [67].

However, Cq/Hcq was Found to be 
Recommended in the Treatment of Several 
Infectious and Medical Conditions other 
than Parasitic Disease

Viral Infections

Pandemic of Coronavirus Disease 2019 (COVID-19): 
It seems to show good prognosis. At first COVID-19 was 
described as severe pandemic acute respiratory syndrome, 
however, shortly after, COVID -19 was clarified not to be 
any form of pneumonia or ARDs. A predictable pathway for 
the initial events following the viral invasion to the type-II 
pneumocytes is illustrated in Figure (6). 
SARS2 Corona Virus starves body of oxygen by binding to 
heme group (porphyry) in the hemoglobin in a certain way 
that releases the iron ion into the circulation. Mode of action 
of CQ in COVID-19 was guided by that played in malaria 

infection, where it protects against Hb invasion [68].
Cytokine Storm: in the form of IL1, IL6, and TNF-α, besides 
the inflammatory biomarkers (ESR and C-reactive protein) 
elevates dramatically. In this regard CQ seems to be beneficial 
being anti-inflammatory [69,70].
Ferritin Levels: Increase dramatically due to increased 
iron release in the blood. However, cellular mobilization 
of iron from transferrin and ferritin depends on the acidic 
media and proteolytic degradation in the lysosomal like 
compartment. CQ acts by raising the pH therefore it (1) 
depresses ferritin and iron uptake by hepatocytes, (2) 
interferes with intracellular free iron availability and iron 
remains bound to transferrin, and (3) hinders the recycling 
of the ferritin receptors [71-75]. 
Lymphopenia: COVID-19 was found to predilect CBC 
profile to lymphopenia not lymphocytosis and instead 
WBCs differentiation is favoured towards monocytes to 
engulf the excess iron load [75]. However, these drugs are 
supposed to interfere with T-cell activation for instance the 
major histocompatibility complex (MHC) class-II-antigen 
presentation, besides the intracellular calcium signalling 
[21]. 
D-Dimer: Due to activated coagulation, excessive 
consumption of coagulation factors, and induced fibrinolytic 
pathways. Also, macrophage activation like syndrome seemed 
to induce severe intra-pulmonary vascular inflammation that 
involve micro-thrombosis and haemorrhages. This results 
in pulmonary intravascular coagulopathy (PIC) rather 
than the DIC. Anticoagulants are generally advised in DIC; 
nevertheless, there is still a debate regarding the benefit of 
CQ in spite of having anti-coagulant properties [77-81].

Figure 6: Pulmonary haemophagocytosis has been reported in COVID-19 with severe extensive alveolar and interstitial 
inflammation in the juxtaposed pulmonary vasculature. The diagram shows also the eventually O2 desaturation and release in 
the blood in addition to the powerful oxidative damage occurs in the lungs by the released iron. The associated cytokine storm, 
D-dimer, elevated liver and kidney functions were all illustrated in the figure.
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HIV: HCQ treatment was correlated with (1) optimal 
suppression of HIV replication, (2) decrease in plasma 
lipopolysaccharide level; (3) decline in count of TLR4-
expressing CD14+ cells, (4) reduction in IFNα and IL6 (5) 
increase in naive Tregs and TLR4-expressing Tregs, and (6) 
increase in CD4+ T cells count [82].
Bacterial Infection: the combination of CQ and doxycycline 
in chronic Q-fever endocarditis caused by Coxiella burnetii is 
recommended for18–36 months [83].
Autoimmune Diseases: Hydroxychloroquine is the keystone 
of the management of SLE (1) as it possesses antithrombotic 
properties, figure (4), (2) modulates blood sugars, (3) 
improves lipids, and (4) the overall autoimmune disease 
activity [84-86]. 
Cardiovascular Diseases: HCQ is bradycardic agents 
suggested in the treatment of ischemic heart disease and 
heart failure to minimize myocardial oxygen consumption. 
HCQ exert direct inhibitory effect on SA node through 
multichannel inhibition besides its anti-thrombotic actions 
[87].
Renal Diseases: After adjusting for possible confounding 
factors the protective effect of hydroxychloroquine in 
retarding renal damage and CKD occurrence in SLE and 
rheumatoid diseases is still evident. However, clinical trials 
speculated that sudden withdrawal of HCQ in SLE can lead 
to flare up of the disease including the life-threatening lupus 
nephritis [88,89]. 
Organ Transplantation: suggested to treat the graft-versus-
host disease being evaluated in the bone marrow transplant 
[90, 91].
Oncology: over the past 2–3 decades being of prominent 
effects in promoting autophagy and apoptosis processes in 
malignant cells [92].
Metabolic Diseases: HCQ appears to protect against the 
occurrence of diabetes, and dyslipidemia [93,94].

Safety of Hydroxychloroquine

CHQ and HCQ compounds have revealed excellent 
safety profile with a virtuous long-term tolerance. 
4-aminoquinolines are recorded on World Health 
Organization’s List of Essential Medicines as the safest 
and most potent medicines essential in a health system. In 
1955 medical use of Hydroxychloroquine was approved 
in the USA; and in 2017, it was recorded the 128th most 
frequently prescribed medical treatment for more than five 
million prescriptions. Nevertheless, HCQ is better than CQ 
in regards to the clinical efficacy and the safety profile not 
only in the general population but also among special cases 
including pregnancy and those suffer from renal failure. In 
this accordance, it remains one of the available therapeutic 
regimens in pregnancy. On the other hand, it noteworthy 
to mention the debate about these anti- malarial drugs in 
pregnancy being accused for the possible link with renal 

agenesis and spina bifida in some cases. CHQ and HCQ have 
never been proved to be carcinogenic, in spite of binding to 
DNA [95]. 
Common Side Effects: vomiting is the most common side 
effect besides other manifestation in the form of headache, 
blurring vision, and myopathy, allergic reactions.
Ocular Side Effects: in the form of (1) corneal deposits, (2) 
opacity of the posterior subcapsular lens, (3) dysfunction of 
the ciliary body, (4) and most important, irregularity in the 
macular pigmentation in the early phase, a ring of macular 
pigment dropout in the advanced stage, and (5) peripheral 
bone spicule formation, (6) vascular attenuation, and (7) 
optic disc pallor (end-stage) [96-98]. Accordingly, the 
guidelines recommend safe dosing as the risk of retinopathy 
is less than 2% at a dose 4–5 mg/kg/day [100]. 
Diagnosis of Visual Field Defects: The visual computerized 
campimetry (visual field test): paracentral scotomas are 
very common in retinal toxicity due to CQ and HCQ. However, 
the correlation between the findings of the visual field test 
and the ocular lesions in the fundus are not usually equal 
[101,102]. 

The optical coherence tomography (OCT): which is an 
image modality that allows the early detection of subtle 
changes signing for toxic retinopathy using high-resolution 
and cross-sectional tomographic. Image findings were found 
to be in the form of (1) direct binding to the melanin in the 
retinal pigmented epithelium (RPE)thickening of the retinal 
pigment epithelium, (2) thinning of the outer segments of 
the foveal photoreceptor and blunted foveal reflex (3) direct 
toxicity of the macular ganglion cell–inner plexiform layer, 
(4) reduction in the central foveal thickness (deteriorating 
prognosis), and (5) bull’s-eye maculopathy which is a ring-
shaped pattern of damage around the macula [103-105]. 
G6pd Glucose-6-Phosphate Dehydrogenase (G6PDH)-
Deficiency: G6PDH is pivotal to reduce oxidative stress, 
where its deficiency leads to excessive accumulation of free 
radicals and the eventual haemolysis in RBCs. Severity of 
RBCs haemolysis relays chiefly on the genotype of G6PD, 
which is different in various geographic areas where the 
Mediterranean variant is the most severe. Although the 
American College of Rheumatology recommend against the 
routine G6PD testing for prior to initiation HCQ [106, 107].
Skin: hyperpigmentation related to HCQ, appears to be due 
to local bruising following deposition of iron in the soft 
tissue; however, the exact reason still unclear [108, 109]. 
Musculoskeletal: HCQ-related skeletal myopathy is an 
uncommon adverse effect. The condition improves with 
discontinuation of the treatment in few weeks due to 
prolonged elimination half-life [110].
Psychological Changes: There is minimal evidence for HCQ-
induced psychosis and the condition requires the presence 
of several predisposing risk factors e.g. familial history 
of psychiatric diseases, drug interactions or low doses of 

https://en.wikipedia.org/wiki/4-aminoquinoline
https://en.wikipedia.org/wiki/WHO_Model_List_of_Essential_Medicines
https://en.wikipedia.org/wiki/WHO_Model_List_of_Essential_Medicines
https://en.wikipedia.org/wiki/Health_system
https://en.wikipedia.org/wiki/Vomiting
https://en.wikipedia.org/wiki/Headache


Virology & Immunology Journal
8

El Saftawy EA and Abdelmoktader A. A Holistic Review on Chloroquine/Hydroxychloroquine the 
Anti-Parasitic Therapeutics. Virol Immunol J 2020, 4(1): 000233.

Copyright©   El Saftawy EA and Abdelmoktader A.

glucocorticoid, alcohol intake, and in female gender [111].

Conclusion 

Hydroxychloroquine and chloroquine are considered 
as cheap and well-studied medical formulas that need more 
concern and development to achieve more benefits with 
less toxic results. These drugs seem to affect pathogens with 
certain invasive phenomena to the red blood corpuscles 
in specific e.g. malaria and COVID-19. Also, owing to their 
extended mode of action they appeared to be beneficial in 
other therapeutic protocols concerning diseases of specific 
immune properties.
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