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Abstract: The coronavirus disease 2019 (COVID-19) pandemic is currently the largest and 
most serious health crisis in the world. There is no definitive treatment for COVID-19. 
Vaccine administration has begun in various countries, but no vaccine is 100% effective. 
Some people are not protected after vaccination, and there are some groups of people who 
cannot be vaccinated therefore, research on COVID-19 treatment still needs to be done. Of 
the several drugs under study, chloroquine (CQ) and hydroxychloroquine (HCQ) are quite 
controversial, although they have good activity against SARS-CoV-2, both drugs have 
serious side effects. Indonesia with its wealth of natural ingredients has one potential 
compound, quinine sulfate (QS), which has the same structure and activity as CQ and 
HCQ and a better safety profile. The aim of this article was to review the potential of QS 
against the SARS-Cov-2 virus and outline its safety profile. We conclude that QS has the 
potential to be developed as a COVID-19 treatment with a better safety profile than that of 
CQ and HCQ. 
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Introduction
The coronavirus disease 2019 (COVID-19) is currently a very serious health 
problem in the world. The World Health Organization (WHO) categorized the 
disease as a pandemic on March 11, 2020. The infection, which is caused by the 
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), is spreading 
rapidly to various countries.1,2

Currently, there is no definitive treatment for COVID-19. Various efforts are 
being made on a global and national scale to deal with the spread of this infection. 
Research on drugs that can be used to treat COVID-19 continues, among which are 
Chloroquine (CQ) and Hydroxychloroquine (HCQ). However, the use of these two 
drugs caused serious side effects such that on November 13, 2020, the Indonesia 
Food and Drug Administration issued a notification letter regarding the revocation 
of the Emergency Use Authorization (EUA) for CQ and HCQ. Previously, the 
United States Food and Drug Administration (US-FDA) had revoked the EUA for 
CQ and HCQ on June 15, 2020. Subsequently, the WHO stopped the clinical trial 
(Solidarity Trial) of HCQ because the drug’s potential benefits for such use do not 
outweigh its known and potential risks.3

Indonesia, with its wealth of natural ingredients, has one natural compound, 
Quinine Sulfate (QS), which is an active compound from quinine extract used to 
treat malaria subjects. This compound has been used for 80 years under the 
category of a limited over-the-counter drug so that the profile of these drugs is 
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well understood.4 QS compounds have a structure and 
mechanism similar to those of CQ and HCQ. These three 
compounds can bind to the Lys353 residue in the peptide 
domain of the Angiotensin Converting Enzyme 2 (ACE-2) 
receptor to prevent binding between the virus and the 
ACE-2 receptor in humans and prevent viral fusion with 
cells; thus, they have the potential to treat COVID-19.5 

Based on its characteristic which is the main component of 
natural compounds, it is hoped that QS can be an alter-
native therapy for COVID-19 that has effectiveness rival-
ing that of CQ and HCQ, but with a better safety profile.

A recent study by Große et al indicated that QS is 
a potential treatment option for SARS-CoV-2 infection, 
which is well tolerated with a toxicological profile that is 
predictable and significantly better than that of HCQ and 
CQ.6 However, it is undeniable that QS also has several 
side effects that affect hematology, kidney function, liver 
function and cardiovascular function.7 Hematological dis-
orders that are often experienced with the use of QS 
include: thrombocytopenia, microangiopathic hemolytic 
anemia, neutropenia, disseminated intravascular coagula-
tion, eosinophilia, autoimmune hemolytic anemia, lym-
phopenia, and methemoglobinemia, as well as impaired 
kidney function, characterized by increased creatinine 
levels. Liver disorders are characterized by elevated 
serum transaminases. Meanwhile, the cardiovascular sys-
tem usually manifests chest pain, T wave inversion and 
pericarditis.8 Apart from these side effects, quinine has 
been used for more than 70 years and shows a good safety 
profile as long as it is used as prescribed, and the ther-
apeutic dose is not exceeded. The side effects that occur 
due to the use of quinine are also reversible, can be cured 
and are overcome by discontinuing quinine.9

Method
Scientific data searches were carried out online on open 
access articles. This review includes research articles from 
the PubMed, Science Direct and Google Scholar journal 
databases for the period 2011–2021 with the keywords 
“Quinine Sulfate (QS) for COVID-19”, “QS safety pro-
file”, “chloroquine and hydroxychloroquine for COVID- 
19”, “Chincona Bark for COVID-19” and “traditional 
herbal medicine for COVID-19”. The inclusion criteria 
for the articles were that they had to be in English; they 
had to include activity against SARS-Cov-2 and 
Angiotensin Converting Enzyme 2 (ACE2) receptor; and 
they had to be clinical trials, meta-analysis, randomized 
controlled trials, reviews or systematic reviews. Articles 

were not used if the language of publication was not 
English, or if the article did not contain the desired key-
words. The search results from the total database yielded 
104 articles. Eighty-four of these articles were excluded 
because they did not meet the inclusion criteria or met at 
least one of the exclusion criteria. Finally, 20 articles were 
available for review discussing the potential of QS for 
COVID-19 treatment and its safety profile.

Quinine Sulfate
Quinine is an alkaloid compound contained in Cinchona 
bark.4 The Cinchona plant belongs to the Plantae kingdom, 
the Magnoliophyta division, the Magnoliopsida class, the 
Gentianales order, the Rubiaceae family, and the 
Cinchonoideae subfamily.10 The most common com-
pounds from the Cinchona plant are quinine, quinidine, 
cinchonine and cinchonidine.

Over the years, the active ingredient in Cinchona bark 
has been used to treat fevers. Quinine was isolated and 
identified as the oldest effective drug for the treatment of 
malaria to date. In 1934, a chemist from Germany, Hans 
Andersag, synthesized the CQ molecule from quinine for 
the first time.11 HCQ was synthesized in 1946 and pro-
posed as a safer alternative to CQ in 1955.12 Until now, the 
quinine compound, which is the main component of sec-
ondary metabolites in the Cinchona plant, is still used as 
a potent malaria drug.4 Several studies have revealed that 
the alkaloids in quinine have other potential activities, 
such as antiobesity, anticancer, antioxidant, anti- 
inflammatory, antimicrobial, and antiviral.13,14

Potential of QS for COVID-19 Treatment
CQ, HCQ and QS are antimalarial drugs derived from the 
alkaloid quinoline.15 Quinoline is a heterocyclic aromatic 
organic compound with the molecular formula C9H7N 
and has a double ring structure containing a benzene ring 
that fuses with pyridine on two adjacent carbon atoms.16 

CQ, HCQ and QS have a similar structure with a specific 
benzene ring (Figure 1).17,18

CQ, HCQ and QS inhibit quinone reductase-2 (hQR2) 
in human red blood cells.19 The inhibitory activity of 
quinoline on hQR2 has also been demonstrated through 
other in-vitro studies.20 Inhibition of the hQR2 enzyme 
involved in the biosynthesis of sialic acid (a cell trans-
membrane protein acid monosaccharide required for 
ligand recognition) makes CQ a broad antiviral agent. It 
should be noted that human coronavirus HCoV-O43 and 
orthomyxoviruses use sialic acid groups as receptors.21,22 
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Since HCQ and CQ are quinine derivatives and similar 
chemical structures, it is thought that they can be used as 
a therapeutic agent in the treatment or prevention of 
COVID-19.23 Thus, QS, like CQ, has potential antiviral 
activity.

QS, CQ and HCQ are weak bases.24 This property is 
known to increase the pH of acidic intracellular organelles, 
such as endosome and lysosomes. This is essential for 
membrane fusion so that it interferes with the fusion 
process of SARS-CoV-2 in cells, thus SARS-CoV-2 can-
not reproduce itself.22,25

SARS-Cov-2 uses the ACE-2 receptor to infect human 
cells.26 A recent in-silico study by Lestari et al aimed to 
compare the affinity of CQ, HCQ and QS bonds to ACE-2 
receptors using molecular docking studies. The results 
showed that all compounds (CQ, HCQ and QS) can inter-
act with amino acid residues in the ACE-2 receptor pepti-
dase domain. Of the three compounds, quinine showed the 
strongest affinity for the ACE-2 receptor with the value of 
free energy bonding (ΔG = −4.89 kcal/mol) followed by 
HCQ (ΔG = −3.87 kcal/mol), and CQ (ΔG = −3.17 kcal/ 
mol).5 The more negative the ΔG value, the stronger the 
ligand-receptor complex bonds.27

In addition, these three compounds also form hydrogen 
bonds with Lys353. From this study, it can be concluded 
that QS has a higher binding affinity than 2 other drugs 
currently used as COVID-19 therapy so that it has the 
potential to be used as a therapeutic agent for COVID-19 
by binding to the ACE-2 receptor.5

Another study analyzed 9 antimalarial phytochemical 
compounds in-silico using Chimera software, the ligands 
that have the most affinity with the ACE2 receptor are CQ, 
quinine, artemisinin and febrifugine. These four com-
pounds form hydrogen bonds with Thr371, Glu406, 
Arg518, Asp36828. An in-silico study has also been car-
ried out to see if the interaction between quinine and 

doxycycline was targeted against non-structural protein 
(nsp 12), which plays a vital role in replication and tran-
scription of the corona viral genome. The compounds 
doxycycline and quinine were found to have good binding 
affinity with the corona viral non-structural protein.29 An 
in-silico study of 13 compounds with the best binding 
affinity towards SARS-CoV-2 protease was carried out. 
The ligands were subjected to molecular docking using 
Autodock Vina. Of the 13 traditional herbal compounds, 
including quinine, all had good binding affinity for the 
SARS-CoV-2 protease, Epicatechin and apoquinine 
showed the highest binding affinity.30

Roza et al, 2020, determine the interaction between 
SARS-CoV-2 and quinine derivative compounds. The 
results showed that from the 10 tested compounds against 
SARS-CoV-2 virus cells, all of them have the ability to act 
as an antivirus, including quinine.31 Trina et al, 2020, 
conducted a molecular docking study of 13 plant bioactive 
compounds against SARS-CoV-2 Main Protease (MPro) 
and Spike (S) Glycoprotein Inhibitors, including quinine. 
Quinine has a better binding affinity than CQ and HCQ (as 
standard).32 A summary of several in silico studies of 
Quinine Sulfate against SARS-CoV-2 is shown in Table 1.

A study conducted by Grobe et al, 2020, investigated 
the effect of QS, CQ and HCQ on the inhibition of SARS- 
CoV-2 cell replication in Vero B4 cells. Three days post 
infection, cell culture supernatants were harvested and 
virus production analyzed by Western blot. The results 
showed that 10 μM QS could reduce the replication of 
the strong SARS-CoV-2 virus where virion progeny pro-
duction was almost completely blocked. The inhibition of 
SARS-CoV-2 virus replication by QS was better than that 
by CQ and HCQ, with 10 μM QS, virus replication was 
reduced by 90%, whereas, with HCQ, it was only reduced 
by 50%. It can be concluded that QS has a stronger activ-
ity than CQ and HCQ.6 The study also measured the 

Figure 1 Structure of Chloroquine, Hydroxychloroquine, Quinine.
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spread of the virus in living cells using epithelial cells 
derived from human Caco-2 colon carcinoma. To facilitate 
detection and analysis of infected cells, as well as to 
measure the spread of the virus in living cells, an infec-
tious clone of SARS-CoV-2 expressing mNeonGreen 
reporter gene was used.33

Caco-2 cells were infected on 96-well plates with 
a relatively high multiplicity of infection (MOI) of 3, for 
strong fluorescence readings. At 48 hpi (hour post infec-
tion) the cells were fixed, and the nucleus was stained with 
Hoechst to determine the level of relative infection 
(mNeonGreen +/Hoechst + cells) and potential toxic 
effects of treatment and infection. This analysis confirmed 
the results obtained from Vero cells and showed that QS 
concentrations up to 100 μM were non-toxic to Caco-2 
cells. Furthermore, the 50 μM and 100 μM QS treatments 
could almost completely inhibit SARS-CoV-2 infection at 

high MOI. Therefore, QS has the potential as a treatment 
option that can be tolerated and widely used for SARS- 
CoV-2 infection, with a predictable toxicological profile 
and is significantly better when compared with CQ or 
HCQ.6

In Vero cells, quinine inhibited SARS-CoV-2 infection 
more effectively than CQ, and HCQ and was less toxic. In 
human Caco-2 colon epithelial cells, as well as the lung 
cell-line A549 stably expressing ACE2 and TMPRSS2, 
quinine also showed antiviral activity. In consistency 
with Vero cells, quinine was less toxic in A549 as com-
pared to CQ and HCQ. This study also confirms that in 
Calu-3 lung cells, expressing ACE2 and TMPRSS2 endo-
genously. In Calu-3, infections with high titers of SARS- 
CoV-2 were completely blocked by quinine, CQ, and HCQ 
in concentrations above 50 μM. The estimated IC50 were 
~25 μM in Calu-3, while overall, the inhibitors exhibit 

Table 1 In-Silico Study of QS Against SARS-CoV-2

Software Receptor Hydrogen 
Interaction

Binding 
Energy 

(kcal/mol)

Result Reference

Chimera ACE-2 Thr371, 

Glu406, 
Arg518, 

Asp368

−8,6 Of the 9 antimalarial phytochemical compounds analyzed, the 

ligands which have the most affinity with the ACE2 receptor are 
chloroquine, quinine, artemisinin and febrifugine

[28]

Autodock nsp12 (non 

structural 

protein)

ASP625, 

ASN693

−6,14 The compounds doxycycline and quinine found to have good 

binding affinity with corona viral non-structural protein

[29]

Autodock 
Vina

SARS-CoV-2 
protease (6LU7)

GLN 189 −7,48 Of the 13 traditional herbal compounds, including quinine, all had 
good binding affinity for the SARS-CoV-2 protease, epicatechin 

and apoquinine showed the highest binding affinity

[30]

Autodock 

Vina

ACE-2 LYS353 −4,89 Quinine shows the strongest affinity to the ACE2 receptor (−4.89 

kcal/mol) than CQ and HCQ

[5]

Autodock 

Vina

SARS-CoV-2 

MPro receptor 

(6m0k)

HIS164 −6,2 Quinine derivative compounds have good stability to the SARS- 

CoV-2 receptor. So that quinine derivative compounds may be 

used as drug candidates for SARS-CoV-2

[31]

SARS-CoV-2 (S) 

protein receptor 
(6vsb)

ASP B 796 −5,7

Autodock 
Vina

SARS-CoV-2 
MPro receptor 

(6LU7)

Not 
mentioned

−6,9 Of the 18 compounds analyzed in silico by molecular docking, 
Quinine has a better bonding affinity than CQ and HCQ (as 

standard).

[32]

SARS-CoV-2 (S) 

protein receptor

−7,5

Abbreviation: Thr371, Threonine; Glu406, Glutamic Acid; Arg518, Arginine; Asp368, Aspartic Acid; ASN693, Asparagine; GLN 189, Glutamine; LYS353, Lysine; HIS164, 
Histidine.
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IC50 values between ~3.7 to ~50 μM, dependent on the 
cell line and multiplicity of infection (MOI). Conclusively, 
these data indicate that quinine could have the potential as 
a treatment option for SARS-CoV-2, as the toxicological 
and pharmacological profile seems more favorable when 
compared to its progeny drugs HCQ or CQ.34

Another in-vitro study using Vero B6 cells infected 
with the SARS-CoV-2 strain (IHUMI-3). Quinine showed 
medium antiviral in-vitro activity with EC50 of 10.7 ± 2.0 
uM and EC50 of 38.8 ± 34 uM.35 A 600 mg single dose of 
QS led to blood Cmax around 3.5 mg/L (around 8.5 
uM).36 In rat, after intravenous dose of 10 mg/kg of 
quinine, the observed concentration lung/blood ratio was 
246.37 An in-vitro effective concentration in the lungs to 
cure SARS-CoV-2 is achievable in human. If its clinical 
efficacy in human is confirmed, quinine could be adminis-
tered intravenously in patients before the cytokine storm.35 

A summary of several in vitro studies of Quinine Sulfate 
against SARS-CoV-2 is shown in Table 2.

Research on the effect of quinine as an antiviral was 
first reported by Seeler et al, 1946. This study concluded 
that quinine has an antiviral effect against influenza 
viruses by consistently slowing the course of infection 
with the influenza virus.38 Quinine’s antiviral activity 

has also been demonstrated in several other viruses, 
such as H1N139, Influenza A virus (IAV), Human 
Immunodeficiency Virus (HIV), Zika virus, Ebola and 
dengue.40,41 In addition, the antiviral effect of quinine 
was described by Baroni at al, who evaluated QS in 
HaCat HSV-1 infected cells. The results of these studies 
indicate that quinine has the effect of inhibiting viral 
infection through indirect pathways, such as activating 
the protein heat shock response, interfering with several 
viral replication pathways, and inhibiting Nuclear Factor 
kB (NF-kB) by blocking gene expression.42

Antiviral mechanisms of action of quinine include the 
inhibition of cytokine production (management of cyto-
kine storm), and T cell release of IL-1,2,6,18, TNFα and 
INFγ, reduce levels of chemokines CCL2 and CXCL10, 
inhibition of micro-RNA expression, decreased TH17- 
related cytokines, decreased DNA, RNA and protein 
synthesis in thymocytes.43,44 Besides the direct antiviral 
activity, it is also possible to act by suppressing the synth-
esis of cytokines and especially pro-inflammatory factors 
with its anti-inflammatory effect. In-vitro data show that 
quinine, CQ and HCQ inhibit SARS-CoV-2 replication.23 

Quinine is a good candidate for the development of an 
effective drug to treat SARS-CoV-2 because of its DNA- 

Table 2 In-Vitro Study of QS Against SARS-CoV-2

Cells Type of Virus Result Reference

Vero B4 cells The virus strain SARS-CoV-2 PR1 Quinine exerts antiviral activity against SARS-CoV-2 that at 10 

μM was even stronger than that of HCQ or CQ. With 10μM 

QS viral replication can be reduced by 90%, while HCQ is only 
reduced by 50%

[6]

Vero B4 cells The virus strain SARS-CoV-2 PR1 Quinine exerts antiviral activity against SARS-CoV-2 that at 10 
μM was even stronger than that of HCQ or CQ. With 10μM 

QS viral replication can be reduced by 90%, while HCQ is only 

reduced by 50%

[34]

TMPRSS2+ 

Human Colon 
Cells

The recombinant SARS-CoV-2 infectious clone, 

icSARS-CoV-2-mNG, expressing mNeonGreen 
as a reporter gene

Quinine treatment in doses of 50 μM and above inhibited 

SARS-CoV-2 infection at this high MOI setting nearly 
completely, with a with a dose dependent effect down to 2 μM

Human 
Transgenic 

Lung Cancer 

Cells

The virus strain SARS-CoV-2 PR1 Quinine exhibits antiviral activity against SARS-CoV-2 in A549 
lung cancer cell lines and that its antiviral activity might be 

modulated but not abrogated by the expression of TMPRSS2

Calu-3 lung 

cell

icSARS-CoV-2 mNG Quinine excerted antiviral activity with IC50 27 μM

Vero E6 cells SARS-CoV-2 strain (IHUMI-3) Quinine showed medium antiviral in vitro activity with EC50 of 

10.7 ± 3.0 µM and EC90 of 38.8 ± 34 µM

[35]

Abbreviation: TMPRSS2+, Transmembrane Serine Protease 2; MOI, Multiplicity of Infection; IC, Inhibition Concentration; EC, Effective Concentration.
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intercalating properties.45,46 As fever is one of the most 
common side effects of COVID-19 and quinine has pro-
minent antipyretic effects, these alkaloids could be intro-
duced as a treatment for handling this complication of 
COVID-19.35,47

A recent study demonstrated that the antiviral mechan-
ism of quinine is indirect killing of the virus. The study 
was conducted to investigate the effects of QS on dengue 
virus-infected cells. Due to the relative similarity of the 
structure of the dengue virus and SARS-CoV-2, it is pos-
sible for SARS-CoV-2 to use several relatively similar 
methods to infect cells and trigger cytokines in fighting 
viruses.48 Host cells infected with the virus can initiate 
viral RNA release and interfere with normal protein synth-
esis. However, the expression of the Pathogen Recognition 
Receptor (PRR) known as Retinoic acid-Inducible Gene 
I (RIG-I) in infected host cells increases slowly to promote 
the Interferon-I (IFN-I) signaling pathway and 
increases the expression of IFN-stimulated genes (RNase 
L, PKR), which can inhibit protein synthesis, thereby 
inhibiting viral replication.49 The RNase L pathway can 

remove ssRNA in virus-infected cells, meanwhile PKR 
blocks translation, and affects signal transduction.50 The 
targets of quinine action are inhibition of genomic replica-
tion and translation of infected host cells and increased 
expression of RIG-I and IFN-α (Figure 2).51 It has been 
shown that IFN-α is a cytokine secreted by host cells to 
fight viruses.48

The cytokine storm that is currently being discussed 
may not appear after quinine administration for COVID- 
19 because available data indicate that the release of TNF- 
α, the most important cytokine in determining the severity 
of COVID-19 symptoms, is inhibited by quinine.52,53 

Because quinine blocks TNF-α expression at the transcrip-
tion level of mRNA, analyzed by northern blot, it will 
reduce the inflammatory reaction in infected individuals 
rather than promote the inflammatory process.52,54,55 For 
example, research on IBD patients relative to SARS-CoV 
-2 shows possible protective effects of anti-TNFα antibo-
dies in Crohn's patients.56 A summary of several potentials 
of Quinine Sulfate against SARS-CoV-2 is shown in 
Table 3.

Figure 2 Mechanism of Quinine Sulfate as an antiviral agent. Reproduced from Nugraha RV, Ridwansyah H, Ghozali M, Khairani AF, Atik N. Traditional herbal medicine 
candidates as complementary treatments for COVID-19: a review of their mechanisms, pros and cons. Evid Based Complement Altern Med. 2020;2020:1–12. doi:10.1155/ 
2020/2560645.51 

Abbreviations: ACE-2, Angiotensin Converting Enzyme-2; INF-α, Interferon-α; PRR, Pattern Recognition Receptor; RIG-I, Retinoic acid-Inducible Gene I; PKA, Protein 
Kinase A.
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Currently, clinical trials of QS to determine its efficacy and 
safety are being carried out in Indonesia. In Indonesia QS has 
been used to treat patients with malaria. Currently, there is no 
clinical research data to suggest a dose of QS for COVID-19. 
The dosage form currently available in Indonesia is QS 
200 mg. Therefore, based on the recommendations of the 
COVID-19 Treatment Protocol 2nd Edition regarding the 
dose of HCQ and available doses from QS, with the concept 
of re-purposing drug, this study uses the same dose as HCQ, so 
it is still in its current therapeutic dose has been used. In 
addition, the HCQ dose and QS dose used for malaria are the 
same, so the dose QS used for COVID-19 refers to the HCQ 
dose previously used for COVID-19. Nevertheless, in vitro 
studies showed that the toxicity profile of QS was better than 
that of HCQ in Vero B6 cells with CC50 > 100 M, while HCQ 
was 20.4± 1.4 M.35 The plasma concentration of QS that can 
cause toxicity ranges from 5 to 17.8 mg/L, meanwhile the 
plasma concentration in 100 mg QS is 0.5 mg/L so that the 
dose of QS used for COVID-19 is still within safe limits.57

It can be concluded that QS has immunostimulating and 
immunosuppressant activity in fighting viral infections. When 
quinine effectively intensifies the production of IFN-α cyto-
kines, it functions as an immunostimulator to inhibit viruses. 
In contrast, quinine inhibits TNF-α release and has an immu-
nosuppressant effect. These two different activities may have 
beneficial effects on people who are infected with COVID-19.

Safety Profile of QS
Some investigators consider quinine to be substantially safe 
at therapeutic doses, but above the therapeutic dose may have 
serious side effects. Accidental or intentional overdoses have 
been linked to serious and fatal cardiac arrhythmias.58,59

The most common side effect is a symptom called 
“cinchonism syndrome”. Mild cinchonism syndrome 
includes headache, vasodilation and sweating, nausea, tinni-
tus, hearing loss, vertigo or dizziness, blurred vision, and 
color perception disorders. More severe cinchonism 
syndromes include vomiting, diarrhea, abdominal pain, 

Table 3 Summary of Journal Reviews on the Potential of QS Against SARS-CoV-2

No Potential/Mechanism of QS Against SARS-CoV-2 Reference

1 QS has antiviral activity for H1N1, HSV-1, IAV, zika virus, Ebola, dengue [39–41]

2 QS has anti-TNFα activity which potential as an anti-inflammatory agent [54]

3 QS has antiviral and anti-inflammatory activity by  

-inhibits cytokine production (cytokine storm management) and T-cell release of IL-1, IL-2, IL-6, IL-18, TNF-α and INFγ;  

-reduce levels of the chemokines CCL2 and CXCL10,  
-inhibition of micro-RNA expression,  

-decrease in TH17 related cytokines,  
-inhibits DNA, RNA and protein synthesis in thymocytes

[44]

4 QS has a chemical structure similar with CQ [17]

5 -May interact with ACE-2 receptors  

-Has an antiviral effect in vitro with a better safety profile  
-Has anti-inflammatory activity by suppressing pro-inflammatory cytokines  

-Has a similar structure with CQ and HCQ

[23]

6 The anti-SARS CoV-2 inhibitory potential of quinine has been demonstrated by molecular docking analysis using the COVID- 

19 protease 6LU7 as a target

[62]

7 Antiviral activity by increasing the synthesis of RIG-I and INF-α. Both will block viral mRNA translation through PKR activation 

and degrade poly mRNA by activating RNAse(L), thereby inhibiting protein synthesis.

[51]

8 Antiviral activity via DNA intercalation [46]

9 -Antipyretic activity  
-Antiviral activity against SARS-CoV-2 with EC50 10.7 μM, EC90 38.8 μM  

-Low toxicity (CC50 > 100 μM) in Vero E6 cells  

-Interacts with Mpro (−6.2 kcal/mol) and S protein (−5.7 kcal/mol)

[47]

Abbreviation: HSV-1, Herpes simplex virus-1; IAV, Influenza A virus; TNFα, Tumor Necrosis Factor-α; IL, interleukin; INFγ, Interferon γ; CCL2, C-C Motif Chemokine 
Ligand 2; CXCL10, C-X-C motif Chemokine Ligand 10; ACE-2, Angiotensin Converting Enzyme-2; RIG-I, Retinoic acid-Inducible Gene I; EC, Effective Concentration.
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deafness, blindness, and disturbances in the heart rhythm or 
conduction. Most of the cinchonism syndrome can be cured 
and treated with quinine discontinuation (reversible).60,61

Apart from these side effects, quinine has been used for 
more than 70 years and shows a good safety profile as long 
as it is used as prescribed and the therapeutic dose is not 
exceeded. Besides being used as a malaria drug, several 
studies have revealed that quinine contains alkaloids with 
have other potential activities, such as antiobesity, antic-
ancer, antioxidant, anti-inflammatory, antimicrobial, and 
antiviral. The side effects that occur due to the use of 
quinine are also reversible, can be cured and are overcome 
by discontinuing quinine.60,61

Conclusion
QS is an alkaloid compound contained in Cinchona bark. The 
potential of QS for COVID-19 treatment, among others, has 
the same basic structure with CQ and HCQ, namely 
Quinoline, which can inhibit viral fusion; is weakly alkaline 
so that it can increase the pH of cell organelles; has higher 
binding affinity to SARS-CoV-2 compared with CQ and 
HCQ; has antiviral activity against SARS-CoV-2 in-vitro; 
has other antiviral activity and acts as an immunomodulator. 
It is undeniable that QS also has some side effects, but the side 
effects caused are reversible and in long-term use and large 
doses. The in-vitro study also stated that the toxicity profile of 
QS is better than both CQ and HCQ. We conclude that QS has 
the potential to be developed as a COVID-19 treatment with 
a better safety profile than that of CQ and HCQ.
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