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Abstract

The aim of this study was to discuss the therapeutic mechanism of action of antimalarials, in particular hydroxy-
chloroquine (HCQ), in patients with lupus erythematosus. It examines the results of recent studies indicating the
need to revise the indications, dosage and duration of safe therapy, thus limiting the possibility of adverse effects.
Historically, HCQ was recommended for patients with arthritis as a predominant symptom, whereas today, it is
recommended for all lupus patients, even those with lupus nephritis and pregnant women; it has a favourable
therapeutic profile, particularly regarding its effect on the activity of the disease, and the possibility of prolong-
ing survival time and preventing organ damage and dysfunction. Antimalarials are basic, disease-modifying anti-
rheumatic drugs, which not only relieve the symptoms of inflammation, but also affect the underlying processes;
therefore, they should be administered chronically, and the expected effects may sometimes take a long time to
become apparent. In the past, the recommended dose was 6.5 mg/kg ideal body weight, whereas today it is up to
5.0 mg/kg real body weight. A very important aspect of long-term therapy is the strict adherence to the medical
prescription; hence, the introduction of a new formulation containing 400 mg of hydroxychloroquine sulphate per

tablet is an interesting proposal.
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Introduction

Antimalarial preparations have been widely used for
many years. However, the results of contemporary labo-
ratory, experimental and clinical studies have yielded
new information regarding their use which can raise
new hope.

The history of antimalarial drugs dates back to the
17 century. According to the legend, in 1630, Ana de
Chinchon, wife of the Viceroy of Peru, was cured of ma-
laria by the indigenous peoples with an extract made
from the bark of the “fever tree” [1], which was soon hon-
oured with the name Cinchona tree. Following the treat-
ment, the alkaloid derived from its bark was imported
to Europe and became the focus of Western medicine.
The bark contains more than 25 different alkaloids, only
some of which have been used in medicine. Of these,
quinine is one of the best known and was originally used
as an antimalarial and antipyretic. The first descriptions
of its effective action against lupus were recorded in 1894
by Payne [2]. Later, during World War II, the synthetic de-
rivative of quinine, quinacrine, was widely used to pre-
vent malaria in soldiers fighting in Asia.

Over the years, the number of indications for its use
have expanded, and so have its side effects. As such,
there has been a need for new, synthetic compounds with
a more favourable therapeutic profile. At present, the most
commonly used ones are chloroquine (CQ) and hydroxy-
chloroquine (HCQ), which differs from the former by one
hydroxyl group. The two preparations are characterized by
similar pharmacokinetics, metabolism and mechanism of
action [3]. Based on 60 years of research and therapy, it
is widely agreed that the widespread use of antimalarial
drugs in patients with various connective tissue diseases,
particularly lupus erythematosus is recommended: they
demonstrate high safety and effectiveness and, not with-
out significance, low treatment costs [4].

Mechanism of action

The mechanism of action of antimalarial drugs is
complex and still not fully understood. CQ and HCQ
are weak bases that readily cross phospholipid cell
membranes and accumulate within lysosomes, thus in-
creasing the pH from the initial 4.0 to about 6.0 [3]. The
change in pH contributes to the stabilization of lysosom-
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al cell membranes and may thus protect keratinocytes
from destruction caused by the action of lysosomal pro-
teases, which are known to be present at high levels in
lupus patients. Moreover, the vacuolization of lysosomes
contributes to the dysfunction of immunocompetent
cells and inhibits the process of antigen presentation.

One of the fundamental causes of systemic lupus er-
ythematosus (SLE) is the dysfunction of the immune sys-
tem resulting in a loss of tolerance toward autoantigens
and the inability to recognize them [4]. This results in the
increased production of autoantibodies, the formation
and deposition of immune complexes in tissues and the
subsequent activation of the pro-inflammatory cytokine
system, leading to tissue destruction and the develop-
ment of organ failure. The major steps in this pathologi-
cal cascade are currently considered to be loss of im-
mune tolerance, increased antigen exposure, excessive
Th cell activity, defective B cell suppression and abnormal
T cell response, followed by dysfunction of phagocytic
cell function, and the development of inflammation me-
diated by pro-inflammatory cytokines [5]. Antimalarial
preparations inhibit the production of pro-inflammatory
cytokines, mainly interleukin (IL) 1B, IL-6 and tumor ne-
crosis factor-o (TNF-av) [6].

Within the macromolecular protein complexes in-
flammasomes are located in the cytoplasm. These act
as part of the innate immune response, and their acti-
vation enables the maturation and secretion of pro-in-
flammatory cytokines, including IL-1 and IL-18. However,
over-activation of the NRLP3 inflammasome plays an im-
portant role in the pathogenesis of many inflammatory
diseases, including systemic lupus erythematosus (SLE).
It has been reported that HCQ can play a valuable role in
SLE treatment by inhibiting inflammasome activity [7]:
selective inhibition of the NLRP3 inflammasome offers
greater therapeutic benefits than blocking the action of
the cytokines further down the signalling pathway.

SLE patients also have increased serum interferon a
(IFN-a) concentrations, which correlate with both the ac-
tivity and severity of the disease process [8]. IFN-a stimu-
lates apoptosis and cell breakdown, which contributes to
the accumulation of material from the cell nuclei [9]. Until
recently, it was thought that broken cells were mainly re-
moved by phagocytosis; however, recent studies indicate
a new, independent mechanism involving extracellular
traps, i.e. network-like structures formed by neutrophils
(neutrophil extracellular traps — NETSs), created by the re-
lease of cell nucleus contents into the extracellular space,
together with their granularity components. NET traps
are composed of DNA, histones and cytoplasmic gran-
ules. They have the ability to stimulate toll-like receptors
(TLRs), guardians of innate immunity. The nucleic acid
fragments are recognised as foreign antigens by TLR7
and TLR9, which activate the mechanisms of innate im-
munity through the production of pro-inflammatory cy-
tokines, especially IFN-o and IL-6 [10, 11]. TLR activation

240

plays a key role in SLE, and their inhibition by HCQ effec-
tively inhibits the inflammatory response [12].

The accumulation of HCQ in the lysosomes of den-
dritic cells, macrophages and B lymphocytes inhibits the
process of antigen presentation to T lymphocytes with
the participation of MHC, i.e. major histocompatibility
complex, molecules [13].

The mechanism behind the photoprotective action of
antimalarial drugs has not been fully understood so far.
Currently, it is believed that it is associated with their
inhibitory effect on the mediators of the inflammatory
process, mainly cytokines and prostaglandins [14]. It
has also been proposed that the drug forms deposits in
the skin that absorb ultraviolet radiation [15]. The pho-
toprotective effect of hydroxychloroquine sulphate has
been used not only in the treatment of connective tis-
sue diseases, but also in the prevention of polymorphic
light eruption. While individual reports of photoallergic
reactions have appeared in the literature, they seem to
be associated with individual hypersensitivity rather than
with the mechanism of action of the drug.

Antimalarials in SLE patients with cardiovascular
diseases

SLE patients have a two or even threefold greater
risk of premature death [16], with cardiovascular dis-
eases being among the leading causes of death [17]. In
SLE patients, immune system dysfunction appears to
promote atherogenesis. One of its first signs is dysfunc-
tion of endothelial cells, which manifests itself through
increased expression of adhesive particles and impaired
vasodilation. Endothelial cell damage is affected by an
accumulation of reactive oxygen species (ROS) and a de-
creased antioxidant defence. Several clinical studies have
shown a positive correlation between the activity of the
disease process in lupus and oxidative stress, i.e. the im-
balance between the activities of ROS and the antioxida-
tive system. Endothelial cell damage is also associated
with abnormalities in the lipid profile and the presence
of anti-phospholipid antibodies, increased activation of
monocytes and hyper-expression of TLRs.

Clinical and experimental studies on animals have
shown that both CQ and HCQ contribute to a reduction
in traditional atherogenic factors, such as lipids and
glucose [18-20]. However, it remains undecided wheth-
er drugs from this group reduce the risk of developing
cardiovascular diseases. Some authors indicate that
they contribute to a significant reduction [21-24], while
others indicate a neutral effect [25]. A meta-analysis of
19 observational studies including 19,679 patients
treated with CQ/HCQ and untreated controls identified
a 30% reduction in the risk of developing cardiovascular
diseases, mainly by reducing blood pressure, glucose,
cholesterol, triglycerides and low-density lipoprotein lev-
els; the latter contributes to the deposition of a choles-
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terol molecule in the smooth muscle fibres of the arterial
walls [26]. These findings indicate that antimalarial drugs
significantly reduce the risk of developing cardiovascular
diseases [26].

Antimalarials in lupus patients

Clinical studies show that the course of SLE differs
between individuals [27]. In the majority of patients, i.e.
about 70%, the disease is chronic, with subsequent pe-
riods of exacerbations and remissions. It is estimated
that long-term remissions persist for many years in ap-
proximately 10% of patients, the chronic active phase is
maintained in another 10%, and the course is mixed in
approximately 10% of patients [27]. Longer periods of re-
mission obviously offer a more favourable prognosis for
the patients. The activity of the disease process and the
course of SLE are influenced by various factors, such as
genetic predisposition, turbulent and multi-symptomatic
onset of the disease, lifestyle, early treatment, systematic
therapy and, most importantly, compliance with medical
recommendations. Many studies show that the adminis-
tration of CQ and HCQ has a preventive effect, delays the
development of systemic lupus symptoms, reduces the
number of exacerbations and alleviates its course [28].

In recent years, a low rate of the drug prescription and
non-compliance with medical recommendations have be-
come significant medical problems. Regarding the former,
views on the importance of antimalarials, especially HCQ,
in the treatment of SLE have changed significantly over
the past decade. Only a few years ago, the EULAR recom-
mendations advised HCQ for patients whose dominant
symptom is arthritis, without any life-threating organ dys-
functions; however nowadays, the drug is considered ba-
sic and recommended to all lupus patients, even patients
with lupus nephritis and pregnant women. This has been
attributed to its favourable therapeutic profile, especially
its impact on the disease process, the possibility of ex-
tending the survival time and preventative effect on the
development of organ damage [28].

Non-compliance with medical recommendations is
commonly observed among young, black or poorly-edu-
cated people with a low level of general medical know!-
edge. A meta-analysis by Garg et al. [29] found routine
measurement of HCQ concentration in the blood of pa-
tients to be an effective method of monitoring compli-
ance. Concentrations equal to and higher than 750 ng/ml
indicate the correct therapeutic dose, which correlates in-
versely with the activity of the disease process assessed
on the SLEDAI scale. Doses lower than 200 ng/ml indi-
cate a definite lack of compliance and an increased risk
of disease activity. Although drug concentration monitor-
ing is of great clinical importance, a significant practical
limitation is the high cost of the test [29].

Mehat et al. [30] report that between 43% and 75% of
SLE patients do not follow medical recommendations and
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33% make an arbitrary decision to discontinue treatment
after 5 years. Discontinuation may be due to the fact that
it is an uncomfortable form of therapy. Even so, the num-
ber of tablets taken per day also appears to influence the
decision; as such, tablets containing 400 mg of hydroxy-
chloroquine sulphate seem to be more convenient and
may improve compliance, especially in the initial period
of therapy, when the doses of the drug are higher.

Therapeutic doses

There is some controversy in the literature regarding
the recommended doses of HCQ. Doses below 6.5 mg/
kg ideal body weight were considered safe, i.e. low-risk,
provided that they are converted into correct, i.e. height-
appropriate, body weight. This view was developed on the
basis of clinical trials confirming a low accumulation of
the drug in adipose tissue. However, the preparation was
often overprescribed in obese people, with a greater risk
of side effects. Hence, in recent years, a dose of 5.0 mg/kg
real body weight/day based on the actual patient weight
has been preferred.

A large study revealed that toxicity is not rare among
long-term users of the drug and the risk is highly de-
pendent on the daily dose according to body weight. At
a dose <5 mg/kg real weight, the risk of incorrect conver-
sion and the development of side effects, especially oph-
thalmic toxicity, is low [31]. Ophthalmologic toxicity is of
serious concern because it is not treatable; therefore, the
aim of screening for retinopathy is not to stop valuable
drugs at the first borderline abnormality, but to recognize
definitive signs of toxicity at an early enough stage to
prevent a loss of visual acuity. It is now believed that eye
check-ups should be performed prior to treatment or in
the first weeks to rule out pre-existing maculopathy. In
patients treated with doses < 5 mg/kg real body weight
and without major risk factors, later annual assessments
may be performed after 5 years of treatment. When ad-
ministering the drug at the preferred dose, in the first
5 years of therapy, the risk of developing side effects on
the eye appears to be negligible [32]. Patients with pre-
existing ophthalmic disorders or other risk factors such
as age over 65, renal failure, hypertension may require
more careful eye monitoring. In the event of visual dis-
turbances, such as deterioration of visual acuity or colour
vision, use should be discontinued immediately and the
patient should undergo immediate ophthalmological in-
spection and close monitoring.

Observational studies conducted for over 30 years
indicate that in smokers, antimalarial drugs are not only
less effective, but also are more likely to cause adverse
reactions, especially in the eyes. Moreover, this group of
patients are more likely to demonstrate more intense
disease activity [33]. Hence, there is a need to inform pa-
tients of the risk and encourage them to quit smoking. It
should be remembered that smokers often demonstrate
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a less healthy general lifestyle, placing a lower empha-
sis on eating healthily, excessive alcohol consumption,
high-risk behaviours and lower compliance with medical
recommendations [33].

One group of frequently-reported adverse reactions
are digestive tract ailments such as indigestion, stomach
cramps, nausea, vomiting and diarrhoea; however, these
occur significantly less frequently in patients treated with
HCQ than CQ [34]. These symptoms can be reduced or
eliminated by lowering the dose of the drug, or by using
the preparation after a meal or together with products
such as antacids or carbon which have a local action in
the gastrointestinal tract.

It should be remembered that glucose levels may
drop following treatment with antimalarial prepara-
tions, and especially in patients simultaneously receiv-
ing antidiabetic drugs. Moreover, in some patients, HCQ
can prolong the QTc interval. The risk is increased with
congenital or acquired QT prolongation, heart failure or
recent myocardial infarction, bradycardia, ventricular ar-
rhythmia, hypokalaemia and/or hypomagnesaemia, con-
comitant use of citalopram, escitalopram, hydroxyzine,
domperidone. Simultaneous use of cyclosporine may
increase its concentration in the blood, and increase cre-
atinine levels. People treated with thyroid hormones are
at a risk of developing clinical hypothyroidism [35].

The drugs from this group are often referred to as ba-
sic or disease-modifying antirheumatic drugs (DMARDs),
which means that they have the ability to prevent de-
structive changes in the course of rheumatic diseases,
such as rheumatoid arthritis or SLE. Basic medications
not only alleviate the symptoms of inflammation, but
more importantly, affect the underlying processes.
Hence, they are usually administered chronically, until
the risk of their administration outweighs the clinical ef-
fects of the therapy.

Hydroxychloroquine and pregnancy

Research work carried out over the last decades in-
dicates that HCQ is a good treatment option for many
connective tissue diseases. Clinicians are always con-
cerned about administering drugs to pregnant women.
Although a few systematic clinical trials have been con-
ducted, a study has been performed on 33 women with
SLE who received HCQ during their 36 pregnancies, and
53 women with the same disease who did not [36]. Both
disease activity and gynaecological aspects were as-
sessed, i.e. the course of pregnancy and childbirth, and
the clinical condition of the newborn children. Pregnancy
was successful in 86% of patients treated with HCQ and
83% in the control group. Preterm delivery, i.e. before
37 weeks, was reported in 55% of treated women and
48% in the control group. No other statistically significant
differences were observed between the populations re-
garding intrauterine development of the foetus, method
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of delivery termination or newborn weight. No birth de-
fects were observed. In 2 patients, an increase in lupus
activity was observed, but this was effectively controlled
by adding HCQ (200 mg/day) or increasing the dose up
to 400 mg/day. In addition, the group of pregnant women
treated with HCQ received lower doses of concurrently
administered prednisolone. The authors report that HCQ
administration appears safe during pregnancy, and that
disease intensification was observed when the drug was
discontinued due to pregnancy. They also emphasize its
anticoagulant properties, which enables effective pre-
vention of blood clot development and the possibility to
reduce the dose of simultaneously administered cortico-
steroid drugs (steroid sparing effect).

It should also be remembered that HCQ accumu-
lates in tissues, particularly in the liver and in structures
containing melanocytes, i.e. in the skin and the retina
of the eye. Therefore, discontinuation of the drug does
not eliminate the drug immediately. It has been found to
remain in the liver for another 8 weeks and in the skin
for more than 6 months [37]. Hence, discontinuation of
therapy when pregnancy is diagnosed does not prevent
drug exposure, especially in the first trimester, which is
crucial for organogenesis. This fact additionally supports
the safety of the drug in pregnant women.

HCQ has also been found to play a protective role
against the development of cardiac lesions in children
born with neonatal lupus erythematosus [38].

Hydroxychloroquine, SLE and COVID-19

Antimalarials, particularly HCQ, are used widely for
the treatment of SLE, rheumatoid arthritis and related
inflammatory and dermatologic conditions. These drugs
are now being considered for a new application in dia-
betes mellitus, heart disease, and adjunct cancer ther-
apy; they show a wide spectrum of anti-inflammatory
activity, and have been tested against various protozoal
bacterial, fungal and viral infections. In the 1990s, due
to their good tolerance, low risk of toxicity, favourable
immunomodulating effect and low production cost, they
were evaluated for use against HIV infection. Adminis-
tration was found to slow the HIV replication process,
which seemed to be a good basis for its use in other viral
diseases such as Ebola, influenza, MERS, SARS or SARS-
CoV-2, the cause of the current pandemic [39].

A pandemic disrupts the functioning of many areas
of social life, especially health care, with the emergence
of new threats, questions and doubts. Over the past
year, studies have examined the impact of immunosup-
pressive treatment on the risk of developing the infec-
tion caused by the SARS-CoV-2 virus in patients with
various connective tissue diseases. The results appear
inconclusive, although patients have comorbidities and
immunosuppressive treatment could increase the risk of
infection. The study was performed in Milan, Italy during
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the most difficult period of the pandemic, i.e. between
February and April 2020. The results do not suggest that
this group is at an increased risk of infection compared
to the general population [40]. Moreover, none of the
955 patients demonstrated a severe course of COVID-19,
and the underlying disease remained stable: 531 patients
with rheumatoid arthritis, 203 with psoriatic arthritis,
181 with spondyloarthropathies, and 40 with connective
tissue diseases.

Not all authors suggest that antimalarial prepara-
tions may play a potential role in the prevention of in-
fectious disease or that they could reduce its dynamics.
Later works do not seem to confirm the prophylactic ef-
fect of antimalarial drugs against SARS-CoV-2 infection
[41] or that treatment reduces the risk of hospitalization
associated with the severe course of COVID-19 [42]. To-
day, it is believed that these drugs are not useful in the
treatment of acute infections and have been withdrawn
from the list of drugs recommended in COVID-19 therapy.

Commentary

Although CQ and HCQ are characterized by a similar
mechanism of action, HCQ is more commonly used than
CQ in chronic therapy in Western Europe and the USA. It
is considered to have a better safety profile, to be bet-
ter tolerated, and cause fewer side effects, especially in
the gastrointestinal tract. It is the preferred preparation
of the two, especially for children and pregnant women.
The form of tablets, i.e. containing 400 mg of the drug,
seems to be more useful especially in the initial period of
therapy, when higher daily doses are administered.
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