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Abstract

Background and objectives: The pandemic of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) led to the emergence of the im-
mediate and urgent need to develop of therapeutic measure capable of 
reducing its impact on the health of the population and in health and eco-
nomic resources. Based on the data provided by these bioassays, in this 
work propose the implementation of machine learning algorithms based 
on a Quantitative Structure-Activity Relationship (QSAR) model for drug 
screening of compounds with the potential to inhibit Quinone Reductase 
2 (QR2) and to replace the anti-inflammatory function of chloroquine and 
hydroxychloroquine in the treatment of COVID-19 avoiding its adverse 
effects.

Methods: QSAR modeling was performed to calculate the mathemati-
cal correlations between the chemical properties of QR2 inhibitor com-
pounds, from different bioassays, and their biochemical response on QR2 
activity. The values of 22 properties were obtained by means of auto-
matic extraction techniques from PubChem’s PUG REST service. The fol-
lowing classification algorithms were applied: Logistic Regression, Ran-
dom Forest and Multi-Layer Perceptron. To perform the computational 
screening, 279 drugs were selected and divided into 7 groups: Group I 
or PubChem-Covid-19, settled for compounds labeled by PubChem as 
COVID-19 (n=104); Group II, drugs with structure similar to dihydroxy-
phenylalanine (dopa) (n=110); Group III, ubiquins (n=16); Group IV, used 
in clinical trials (n=18); Group V, amantadine, pramipexole, dabigatran, 
rotigotine and naphthoquinone (n=5); Group VI, vitamins B (n=10); and 
Group VII, vitamins K (n=16). A classification threshold for Active of 0.95 
was established.

Results: 54 compounds were identified as Actives. Camostat, relacatib, 
5-Aminopyrimidine, clovamide, coenzyme Q4, decylubiquinone, sarilum-
ab, fingolimod, rivaroxabán, prosultiamine and alinamin, for its potential 
use in COVID-19, were the most significant.

Conclusions: It was presented a series of compounds identified by the 
QSAR model as QR2 inhibitors and we analyze the main drugs in that 
series according to their availability and current use.
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Introduction

The pandemic of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), declared in March 2020 by the WHO, led to 
the emergence of the immediate and urgent need to understand 
and investigate the different mechanisms of infection of this virus 
for the development of therapeutic measures capable of reduc-
ing its impact on the health of the population and in health and 
economic resources.

SARS-CoV-2 can cause from mild infection to Acute Respiratory 
Distress Syndrome (ARDS) causing 5 to 12% of patients to require 
admission to the Intensive Care Unit (ICU) [1]. It is known that 
SARS-CoV-2 is caused by a β coronavirus, consisting of a single-
chain linear RNA and positive polarity. Its genetic material has a 
5´methylated head and a 3´ polyadenylated tail, encoding pro-
teins in the sense of 5´ to 3´ which generates similarity with the 
host mRNA giving it the possibility of adhering to the ribosomes 
for direct translation into the 1a/1ab polyprotein inducing the in-
fection [2]. In addition, this virus has in its external structure an 
S glycoprotein that is activated by a specific enzyme called furin 
in the host cells, which mediates the binding to the Angiotensin-
Converting Enzyme 2 (ACE2) receptor. This binding has a force at 
least ten times greater than the S protein from severe acute re-
spiratory syndrome coronavirus (SARS-CoV), and it could be key 
point in SARS-CoV-2 infection [3-5]. This would explain, among 
other characteristics, the high rate of infected people. In turn, the 
wide distribution of the enzyme furin in different tissues (liver, 
lung and small intestine) would also explain the multiorgan attack 
of this virus [6].

So far, the implementation of Chloroquine (CQ) and Hydroxy-
chloroquine (HCQ) has been one of the most tested therapeutic 
alternatives against SARS-CoV-2 due, in particular, to the ability of 
CQ to inhibit other coronaviruses [7]. CQ/HCQ are quinolins, het-
erocyclic aromatic compound containing nitrogen. Quinoline ring 
in these compounds has been shown to possess antimalarial, an-
tibacterial, antifungal, anthelmintic, cardiotonic, anticonvulsant, 
anti-inflammatory and analgesic activity [8]. In recent in vitro 
studies, CQ was found to be highly effective in controlling SARS-
CoV-2 infection and its evaluation has been suggested in human 
patients suffering from the new coronavirus disease [9]. Although 
some clinical trials have shown that CQ/HCQ could inhibit the ex-
acerbation of pneumonia and promote negative virus conversion 
by shortening the disease [10]. There were conflicting preliminary 
clinical data in others [11]. In addition, along with other adverse 
effects, CQ/HCQ can generate life-threatening cardiac arrhyth-
mias by interfering with ventricular repolarization by prolonging 
the QTc interval causing torsade de pointes (TdP) [12]. Because of 
this is that it is suggested to use CQ/HCQ in carefully selected and 
monitored patients [13].

The evaluation of the antiviral effects of CQ/HCQ in vitro 
against SARS-CoV-2 infection suggests that they could inhibit the 
entry of the virus into the cell, causing a deficiency in glycosylation 

of the ACE2 receptor [7]. They would also affect viral replication 
after cell admission by affecting the endosomal–lysosomal inter-
action [14,15]. However, the biological targets of CQ and HCQ are 
few known. In 2002, Graves et al., demonstrated that the enzyme 
quinone reductase 2 (QR2) is a cytosolic flavoenzyme that uses 
FAD as a substrate and dihydronicotinamide riboside (NRH) as a 
reducing coenzyme, is a selective target of quinolins, including 
CQ/HCQ, and that they strongly inhibit their activity [16]. Subse-
quently, Kwiek et al., suggested on the effects of quinolins in vivo 
and recommended studies aimed at understanding the physiolog-
ical importance of QR2 and creating inhibitors of this enzyme [17].
The QR2 gene is mainly expressed in kidney, liver and heart. In red 
blood cells, the QR2 gene is expressed intermediately while in the 
brain and pancreas its expression is minimal [18]. QR2 inhibition is 
known to be associated with positive regulation of antioxidant en-
zymes, although the mechanisms have not been fully elucidated. 
The antioxidant activity of melatonin and resveratrol reported in 
numerous studies could be due to the fact that these drugs are 
potent QR2 inhibitors [19,20]. Currently, strong evidence supports 
those observations. Gould et al., have recently shown that an in-
crease in QR2 activity causes the generation of Reactive Oxygen 
Species (ROS) and that the reduction of its expression, therefore, 
is a way of reducing inflammation, therefore QR2 can be consid-
ered a redox modulator [21].

The beneficial effects of CQ/HCQ on Coronavirus Disease 2019 
(COVID-19) could be due not only to its antiviral effects, but also 
to its anti-inflammatory effect and its ability to inhibit QR2. Fur-
thermore, if the evidence provided by critically ill patients with 
SARS-CoV-2 is taken into account, they have an elevated cytokine 
profile, similar to that observed in Cytokine Storm Syndrome (CS) 
in SARS and MERS [22]. Extremely high inflammatory parameters 
such as C Reactive Protein (CRP) and pro-inflammatory cytokines 
(IL-6, TNFα, IL-8) are observed. Clinically expressed with vasculitis, 
hypercoagulability and multi-organ damage. This is why immu-
nologists consider that applying a timely anti-inflammatory treat-
ment, adapted to each patient, is of vital importance in COVID-19 
[23].

Despite the dual capacity of CQ/HCQ, inhibit viral replication 
by different mechanisms and possess anti-inflammatory action, 
its implementation has limitations due to adverse effects [24]. 
Therefore, an expert panel that analyzed the use of CQ/HCQ in 
SARS-CoV-2, recommended several precautions, including blood 
tests to discard the development of anemia, thrombocytopenia, 
leukopenia, electrolyte disorders, liver dysfunction, and kidney 
dysfunction. It was also recommended serial electrocardiography 
to exclude prolongation of the QTc interval and regular interviews 
for the early detection of visual disturbances and mental state, 
although the latter usually occur with long-term use of drugs [25]. 
Therefore, the use of drugs capable of mimicking CQ/HCQ could 
be a significant treatment alternative. As QR2 is one of the few 
well-known and well-defined biological targets of CQ and HCQ, 
other drugs capable of inhibiting its function could replace them 
or be adjuvants in the treatment of SARS-CoV-2 infection when 
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administered as concomitant treatment with CQ or HCQ. This 
would allow to reduce the dose of these, with it the appearance 
of dose-dependent effects and/or to prolong the treatment with 
them.

Given the global urgency of the pandemic regarding the need 
for therapeutic resources, the Quantitative Structure-Activity 
Relationship (QSAR) computational models could be a valuable 
resource as a tool for drug screening, immediately and automati-
cally, for the detection of drugs capable of imitating the effects 
of CQ/HCQ [26,27]. There are currently numerous bioassays that 
evaluate the inhibition of human QR2 by numerous compounds. 
They provide valuable data for computational analysis and predic-
tion of effects on QR2 by drugs that were never specifically tested 
on QR2 activity. These bioassays have been carried out in the last 
decade based on the fact that the inhibition of QR2 leads to the 
protection of cells against ROS [28]. Based on the data provided 
by these bioassays, in this work we propose the implementation 
of machine learning algorithms based on a QSAR model for drug 
screening of compounds with the potential to inhibit QR2 and 
to replace the anti-inflammatory function of CQ and HCQ in the 
treatment of Coronavirus disease avoiding its adverse effects.

Methods

QSAR modeling was performed to calculate the mathemati-
cal correlations between the chemical properties of QR2 inhibi-
tor compounds, from different bioassays, and their biochemical 
response on QR2 activity. The biochemical response of the drugs 
was defined as a function of the chemical properties of the bioas-
sayed compounds [29].

Biochemical response =f(chemical properties of bioassayed-
drugs)

The basic steps performed for QSAR modeling were: (i) data se-
lection; (ii) data preparation; (iii) data processing; (iv) data predic-
tion and validation; and (v) data interpretation. During data prep-
aration and validation, multiple test instances were performed. In 
each step of the QSAR model, various statistical operations were 
involved.

Bioassays

A total of 61 bioassays available in PubChem were analyzed for 
the search “quinone reductase 2”, from which 18 bioassays were 
selected. The main selection criterion was the inhibition of the 
enzymatic activity of human QR2. Those bioassays on non-human 
QR2 or in which the Target Name was different, were rejected.

Selected bioassays included chemopreventive compounds, 
with known QR2 inhibitory activity, casimiroin [30], resveratrol 
[31,32], phenylethanoid glycosides [33], MCA-NAT (5-methoxy-
carbonylamino-N-acetyltryptamine) [34], phenazine [35] and am-
mosamide B [31].

A bioassay was also included in which QSARs models were 
developed using ML techniques, for derivatives of naphthalene, 
benzofurane and indole with respect to their affinities with the 
melatonin binding site in QR2 [36].

Datasets and properties

156 compounds were obtained from the bioassays after elimi-

nating those repeated and/or without data. Of the compounds ob-
tained, 123 were reported as Active (QR2 inhibitors). Compounds 
reported as inactive, inconclusive or unspecified were considered 
as non-inhibitors of QR2. Finally, the dataset was balanced up to 
256 compounds to equal the number of Actives respect to the 
number of Inactives. To this end, compounds with a structure 
similar to those reported as Inactive were randomly selected and 
added to the database, with no evidence of activity against QR2.

The values of 22 properties, for each one of the compounds, 
were obtained by means of automatic extraction techniques from 
PubChem’s PUG REST service (Table 1).

A second set of test data was made up of 24 Active compounds 
and 62 Inactive compounds for the evaluation of the models with 
unknown data.

Selection of characteristics and classification algorithms

The following classification algorithms were applied: Logistic 
Regression, Random Forest and Multi-Layer Perceptron. All algo-
rithms were applied in the Python programming environment, v. 
3.7. The scikit-learn library, v. 0.22.2 was used to model the algo-
rithms. Data manipulation and analysis was performed with the 
Numpy and Pandas libraries, and the visualization of the same 
with Matplotlib and Seaborn. Scikit-learn’s Feature selection 
module was used for property selection.

The evaluation of the estimator’s performance was performed 
by cross-validation. The grid search technique was used to find 
the optimal hyperparameters of the algorithms.

Drugs

To perform the computational screening, 279 drugs were se-
lected according to: their structural chemical similarity with the 
bioassayed compounds; its potential action on QR2; or for use 
in patients with COVID-19. They were divided into 7 groups. One 
of those groups, Group I or PubChem-Covid-19, settled for com-
pounds labeled by PubChem as COVID-19 (n=104). The other 
groups were formed as follows: Group II with drugs with a chemi-
cal structure similar to dihydroxyphenylalanine (dopa) (n=110); 
Group III with drugs of chemical structure similar to ubiquins 
(n=16); Group IV made up of drugs with drugs used in clinical tri-
als, or evaluated for possible use, such as azithromycin, baricitinib 
or bevacizumab, among others (n=18); Group V with amantadine, 
pramipexole, dabigatran, rotigotine and naphthoquinone (n=5); 
Group VI vitamins B (n=10); and Group VII vitamins K (n=16).

Classification threshold

A classification threshold for Active of 0.95 was established.

Results

Model validation and test with unknown data

During the model validation stage, the Logistic Regression al-
gorithm obtained the best performance: accuracy 88.4%; preci-
sion 88.4%; and recall 88.4%. Equality between the accuracy, pre-
cision and recall metrics means that the algorithm classified an 
equal number of positive and negative cases, that is, the training 
dataset correctly balanced between positive and negative cases. 
For the Logistic Regression model, the data set was partitioned 
into 80% for training and 20% for testing. Figure 1 and Figure 2 
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shows the confusion matrices of the tests of the Logistic Regres-
sion model with unknown data.

Selection of properties

By using the Feature selection module, reducing the number 
of properties showed a tendency to classify most compounds as 
Active, so we decided to use all available features to supply more 
information to the model. Table 2 shows the coefficient assigned 
by the Logistic Regression model to all properties.

Virtual screening

A total of 54 compounds were identified as Actives. Table 2 
shows the most relevant drugs detected by group, ordered ac-
cording to their probability value from highest to lowest.

In Group I or PubChem-Covid-19, of 104 compounds, 7 were 
labeled as Active. In the case of Group II, drugs with a dopa-like 

chemical structure, out of a total of 110 compounds, 23 were rec-
ognized as active by the algorithm. In Group III, of 16 compounds 
with a chemical structure similar to ubiquins, 5 were Active, while 
in Group IV (clinical trials), only 3 of 18 drugs were labeled in this 
category. In Group V, only amantadine and pramipexole exceeded 
the threshold. In the case of the group B vitamins, Group VI, of 10 
compounds they exceeded the threshold only 2. Finally, vitamins 
K, Group VII, 11 of 16 were Active.

Discussion

In this work, we use ML techniques for the development of a 
binary classification QSAR model to predict the inhibitory activity 
of QR2 by untested compounds. Verify the model following the 
best QSAR modeling practices [37], complying with the guidance 
of the Organization for Economic Cooperation and Development 
(OECD) [37].

QR2 was strategically selected as a pharmacological target, as 
it would be a common point at the crossroads to propose CQ/
HCQ treatment and the inflammatory reaction caused by SARS-
CoV-2 infection. Given its location and function in the body, it acts 
as a producer of ROS, which participate in the processes of sepsis 
and respiratory distress. In this sense, many works have attempt-
ed to test antioxidant therapy as co adjuvants in the treatment of 
these pathological processes. However QR2 as a specific target 
has been studied for cancer related processes and not for these 
other pathologies [39,40].

The selection of drugs with potential to inhibit QR2 was made 
based on the characteristics of the enzyme and its most common 
inhibitors. The planarity of the molecule is a constant feature in in-
hibitors of enzyme families of Phase II drug metabolism. The cyclic 
conformation of the compounds is another trait to consider, and 
as reported in other studies, the para-amino group in the trans-
stilbene benzene ring is essential for aromatase inhibitory activ-
ity, and the introduction of an imidazole moiety improves activity 
greatly. Primary and tertiary amines, chloroquine among them, 
are protonated; however, it seems more relevant to determine 
the presence of heterocyclic nitrogen and its relative location in 
the identification of new compounds. On the other hand, QR2 
uses a unique catalytic site for its substrate and co-substrate, this 
determines that the rigidity of their chemical structure and their 
steric hindrance, determines an accentuated effect on their be-
havior, determining a preference for molecules with multiple con-
jugates double bonds such as catecholamines quinones [19,41].
Another peculiarity of the compounds that interact with QR2 is 
that they can do in different oxidation states, and that the binding 
affinity varies depending on whether the enzyme is in the oxidized 
or reduced state. Analyzing a differentiation between QR2 inhibi-
tors for different oxidation states could have an impact at the 
physiological level [19]. This is why features such as Number of 
hydrogen bond donors and Number of hydrogen bond acceptors 
were included for the constitution of the data set. The selection 
of characteristics, although it was carried out under the processes 
described in the body of the text, was based on the knowledge of 
the particularities described above, which helped the analysis by 
groups which is presented below.

In Group I, we consider the relevance of the compounds of the 
camostat and report for being bioassays against SARS-CoV-2; and 
5-Aminopyrimidine due to its relationship with QR2. In COVID-19, 

Figure 1: Confusion matrix for 24 QR2 inhibitor compounds. Of 24 
compounds, 21 were classified as true positives and 3 as false nega-
tives.

Figure 2: Confusion matrix for 62 compounds with no known activity 
on QR2. Of 62 compounds 59 were classified as true negatives and 3 
as false positives.
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the camostat has been shown to potently inhibit the serine pro-
tease TMPRSS2, necessary for the interaction between the viral S 
glycoprotein and the ACE2 receptor, preventing its entry into the 
cell [42]. Its use could be doubly beneficial in SARS-CoV-2 infec-
tion since, by unknown mechanisms, it suppresses the pathways 
associated with oxidative stress [43]. Relacatib inhibits the activity 
of cathepsin K, a cysteine protease that breaks down type I col-
lagen involved in osteoporosis, osteoarthritis, and other disorders 
that cause bone breakdown. Its use in COVID-19 is tested because 
it was shown to also inhibit cathepsin L, critical for the entry of 
the virus into the cell [44]. The nucleus aminopyrimidine can be 
found in various biologically active compounds. Inhibition of QR2 
by compounds with an aminopyrimidine ring has been demon-
strated. For example, the drugs quercetin, imatinib and nilotinib, 
used to treat leukemia, have an aminopyrimidine nucleus and in-
hibit QR2 [45]. The action of compounds with aminopyrimidine in 
their structure has also been associated with anti-inflammatory 
action [46].Roscovitine, a 2,6,O9-trisubstituted purine used as an 
antineoplastic, strongly reduces acute lung inflammation second-
ary to bacterial infection [47]. However, the inhibition of QR2 by 
these compounds and their association with oxidative status is 
not clear, in some cases they suppress oxidative stress [48] and 
in others they induce it [49]. With respect to 5-Aminopyrimidine, 
several derivatives have demonstrated their antioxidant capacity 
by modifying cellular metabolism [50]. Due to its antioxidant ac-
tion and detection by the algorithm, we believe that camostat, 
relacatib, 5-Aminopyrimidine and its derivatives could have an 
inhibitory effect on QR2 activity.

Because the binding of dopamine to QR2 is well known [51], 
we decided, in Group II, to screen for drugs with a chemical struc-
ture similar to dopa. It stands out, among 23 compounds identi-
fied as Active, N-Caffeoyl DOPA or clovamide, an amide isostere 
of rosmarinic acid. Clovamide andseveral of its analogues have 
shown anti-inflammatory action [52]. Park et al., propose the use 
of some of them as anti-inflammatory agents by demonstrating 
that they suppress the overproduction of nitric oxide in micro-
glial cells [53]. The antioxidant action of clovamide analogs has 
been demonstrated in other works, as well as its antinitrative ef-
fect [54,55]. Therefore, we believe that the actions of clovamide 
derivatives on QR2 should be investigated.

For its benzoquinone ring, we chose Group III screening for 
substances derived from ubiquinone (coenzyme Q10), a natural 
compound widely distributed in the body. In its reduced form, 
ubiquinone is a powerful lipophilicantioxidant[56]. It has a side 
chain composed of 10 isoprene units attached to the benzoqui-
none ring. Ubiquinone can be artificially synthesized which helps 
to treat various diseases [57]. Several derivatives were found by 
the model as Active, among them Coenzyme Q4 (CoQ4), classified 
with a threshold of 0.99997, the best in the group. Although short 
chain quinones are toxic, especially those with 0 to 3 units of iso-
prene, CoQ4 with 4 units show minimal toxicity [58]. Another qui-
none with an isoprene chain greater than 3, found as Active, was 
Decylubiquinone (Dub) a member of the 1,4-benzoquinone class 
which is 2,3-dimethoxybenzoquinone which has been substituted 
at positions 5 and 6 by decyl and methyl groups. For its classifi-
cation threshold 0.99743 and have shown that Dub inhibits the 
production of ROS [59,60] could be with CoQ4 a good candidate 
as a substitute drug CQ/HCQ.

Among the Group IV bioassay drugs, the human monoclonal 
antibody sarilumab, used for the treatment of Rheumatoid Arthri-
tis (RA), is was tested in patients with severe and critical COVID-19 
[61]. In RA, sarilumab was associated with decreased acute phase 
inflammatory biomarkers [62]. The second of the compounds that 
stands out for its threshold is fingolimod, an aminodiol consisting 
of propane-1,3-diol, modulator of the Sphingosine 1-Phosphate 
Receptor (SP) used for the treatment of multiple sclerosis. Of the 
5 isoforms of SP1 (S1P1-5): S1P1; S1P2; and S1P3 are expressed 
ubiquitously, while the expression of S1P4 and S1P5 receptors 
does so in the nervous and immune systems [63]. Fingolimod 
has been shown to decrease ROS production in mitochondria by 
restoring function and morphology. Although some of its effects 
are due to interaction with the SP1 receptor, the mechanisms 
of action of some of its effects are not well known [64]. Finally, 
rivaroxaban, an oxazolidinone derivative, is used as an oral an-
ticoagulant since it inhibits the factor Xa. There is evidence that 
factor Xa has proinflammatory effects, therefore [65]. However, 
it has recently been shown to have protective effects against oxi-
dative stress and mitochondrial toxicity [66]. Due to their chemi-
cal structure, sarilumab and fingolimod could have effects similar 
to CQ/HCQ in SARS-CoV-2. In the case of rivaroxaban, although 
identified by the model as Active, its use in COVID-19 would be 
inadvisable due to the risk of bleeding complications, especially 
if it is combined with antiviral drugs since they raise their plasma 
concentration [67].

In Group V, amantadine, a member of the adamantane class, 
is used as an antiviral, antiparkinsonian, and pain reliever. Aman-
tadine, identified by the algorithm as Active against QR2 with a 
threshold of 0.99152, is an N-Methyl-D-Aspartate (NMDA) recep-
tor antagonist whose antioxidant and anti-inflammatory effects 
have been demonstrated in nervous tissue [68]. Recently Tipton 
and Wszolek, they suggested the potential benefit of amantadine 
in SARS-CoV-2 infection, since it has been shown that bananin, a 
derivative thereof, inhibits viral replication of other coronaviruses 
[69]. Pramipexole, in Group V as well, is a member of the class 
of benzothiazoles. Pramipexole is a selective dopamine receptor 
agonist used in Parkinson’s disease with demonstrated mitochon-
drial and neuroprotective antioxidant action [70]. Obtained a high 
rating threshold.

B vitamins, screened in Group VI, act as antioxidants by several 
well-known mechanisms [71]. Of the group, the compounds pro-
sultiamine and alinamin, derived from vitamin B1, were identified 
as Active. The first, prosultiamine, is converted to vitamin B1 after 
intestinal absorption, and is successfully used in vitamin B1 defi-
ciency diseases such as beriberi and Wernicke’s encephalopathy 
[72]. Although vitamin B1 was not identified as Active, the finding 
of prosultiamine and alinamin as possible QR2 inhibitors opens 
the possibility of finding vitamin B1 derivatives as QR2 inhibitors 
in the future.

In Group VI, 11 vitamins of the K complex were identified. The 
interaction between vitamins K and quinones reductases is not 
clear. For example, it is believed that the reaction between QR2 
and vitamin K3 could produce cytotoxicity [73,74]. Vitamins of 
the K complex could bind QR2 and inhibit it, however, its use in 
COVID-19 could be limited by thrombotic complications [75].
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Conclusions

It was presented a series of compounds identified by the QSAR 
model as QR2 inhibitors and we analyze the main drugs in that se-
ries according to their availability and current use. The main idea 
was to demonstrate how, from the application of ML techniques, 
compounds that were already available could be identified, mak-
ing it possible to test them faster in the treatment of COVID-19, 
given that the expansion rate of the disease and its consequences 
requires the use of strategies that reduce the selection times of 
therapeutic approaches, always supported by the available evi-
dence.
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threshold

Prosultiamine 0.99994

Alinamin 0.99975
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Menatetrenone 0.99997
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Vitamin K1 0.99056
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highest to lowest according to their probability of inhibiting QR2.
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