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1. Introduction

Neutrophils are the most abundant leukocytes in blood 
and are the first cells to arrive at infected sites, where 
they facilitate host defense through phagocytosis and the 

release of several inflammatory mediators. The persistence 
of inflammatory stimuli induces neutrophils to release 
their DNA into the extracellular environment in the form 
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Neutrophil extracellular traps (NETs) were first reported as a microbicidal strategy for activated neutrophils. 
Through an immunologic response against several stimuli, neutrophils release their DNA together with proteins 
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with phorbol 12-myristate 13-acetate (PMA). The activity of these enzymes also decreased in the presence of 
quercetin. Quercetin also reduced the cytotoxic effect of NETs on alveolar cells (A549 cell line). Further, in silico 
assays indicated favorable interactions between quercetin and NET proteins (MPO and elastase). Overall, our results 
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neutrophils, and diminishing the enzymatic activity of MPO and elastase, possibly through direct interaction.
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Resumo
As armadilhas extracelulares de neutrófilos (NETs) foram relatadas pela primeira vez como uma estratégia 
microbicida para neutrófilos ativados. Por meio de uma resposta imunológica contra vários estímulos, os neutrófilos 
liberam seu DNA ligado a proteínas de grânulos, núcleo e citoplasma (por exemplo, elastase e mieloperoxidase). 
Até o momento, os NETs têm sido implicadas em danos aos tecidos durante processos inflamatórios intensos, 
principalmente quando sua liberação depende da geração de radicais de oxigênio. Os flavonóides são agentes 
antioxidantes e anti-inflamatórios, e destes, a quercetina é comumente encontrada em nossa dieta diária. Portanto, 
a quercetina pode exercer alguma atividade protetora contra o dano tecidual induzido por NETs. Em nossos ensaios 
in vitro, a quercetina reduziu a liberação das NETs, mieloperoxidase (MPO) e elastase a partir de neutrófilos 
estimulados com forbol 12-miristato 13-acetato (PMA). A atividade dessas enzimas também foi diminuída na 
presença de quercetina. A quercetina também reduziu o efeito citotóxico dos NETs sobre células alveolares (linha 
celular A549). Além disso, os ensaios in silico indicaram interações favoráveis entre a quercetina e as proteínas 
da NET (MPO e elastase). No geral, nossos resultados demonstram que a quercetina diminui os efeitos deletérios 
das NETs, reduzindo sua liberação à partir de neutrófilos ativados e diminuindo a atividade enzimática de MPO e 
elastase, possivelmente por meio de interação direta.
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minimizing the enzymatic/cytotoxic activity of these 
enzymes. Finally, we suggest that quercetin can be used 
to treat tissue damage caused by NETs due to its ability to 
hamper the overproduction of NETs and its cytotoxicity 
effects.

2. Materials and Methods

2.1. Reagents

Quercetin (2-(3,4-dihydroxyphenyl)-3,5,7-
trihydroxychromen-4-one) (Sigma-Aldrich, St. Louis, 
MO, USA), dissolved in dimethyl sulfoxide (DMSO, Sigma-
Aldrich), was stored at -80°C and protected from light 
for one month. Based on previous work (Jablonska et al., 
2020; Kanashiro et al., 2007; Lu et al., 2018; Santos et al., 
2014), quercetin was tested at a maximum concentration 
of 50 μM in the assays described below.

2.2. Human neutrophil isolation

Human neutrophils were isolated and prepared 
according to a previously described method (Souza et al., 
2018). We collected 10 mL of peripheral blood from 
healthy volunteers and placed it in BD Vacutainer® tubes 
(BD Biosciences, Franklin Lakes, NJ, USA) containing 
sodium citrate. The blood was processed in a double 
density gradient (Histopaque 1119 and 1077, Sigma-
Aldrich) according to the manufacturer’s instructions. 
Trypan blue (Sigma) exclusion test determined 90–95% 
cell viability. All experimental procedures were evaluated 
and approved by the local Research Ethics Committee 
of the Faculty of Science and Letters of Assis (approval 
number: CEP–57233716.8.0000.5401). As suggested by the 
Committee, written informed consent was obtained from 
each volunteer before initiating any research procedures.

2.3. Cell culture

The adenocarcinomic human alveolar basal epithelial 
cell line (A549; Cell Bank of Rio de Janeiro, Rio de Janeiro, 
RJ, Brazil) was cultured in DMEM-F12 (Sigma-Aldrich) 
containing 10% fetal bovine serum (FBS; Cultilab, 
Campinas, SP, Brazil). The medium was supplemented 
with antibiotics and antimycotics (Invitrogen, Carlsbad, CA, 
USA). The incubator was maintained at 37°C with 5% CO2.

2.4. Neutrophil Extracellular Traps (NETs) release

Human neutrophils were incubated with or without 
different concentrations of quercetin for 30 min at 37°C 
and then stimulated with PMA (50 nM) for 4h at 37°C. 
DMEM-F12 FBS-free medium was used because of the 
presence of DNAse, which could degrade NETs (Von 
Köckritz-Blickwede et al., 2009). The cells were kept in a 
humidified incubator maintained at 37°C and 5% CO2 for 
3h. Then, the supernatant was discarded from the culture 
and NETs were collected. They were submitted to additional 
incubation for 24 h at 40°C (Souza et al., 2018). DNA was 
then quantified using a Qubit 2.0 fluorimeter (Invitrogen 
Inc., Grand Island, NY, USA) and PicoGreen® dsDNA Assay 
Kit (Invitrogen). Samples were stored at −25°C.

of traps. Neutrophil extracellular traps (NETs) consist of 
DNA associated with intracellular proteins such as elastase, 
histones, and myeloperoxidase. NETs have microbicidal 
activity, specifically related to the capture and/or death of 
several pathogens (Delgado-Rizo et al., 2017). Further, their 
beneficial role has been investigated in several infectious 
and non-infectious human diseases including rheumatoid 
arthritis, systemic lupus erythematosus, diabetes, cancer, 
and thrombosis (Jorch and Kubes, 2017). In these cases, 
NETs modulate the inflammatory process and induce 
tissue damage, release of autoantigens, intensification 
of oxidative burst, alteration of the coagulation cascade, 
and occlusion of the vasculature or airways (Erpenbeck 
and Schön, 2017).

Several neutrophil activators act as inducers of NET 
release. In most cases, NET release depends on reactive 
oxygen species (ROS) generation via NADPH activation. 
Simultaneously, loss of granular membranes facilitates 
the migration of enzymes from the cytoplasm to the 
nucleus, where they induce chromatin decondensation. 
Thus, free DNA reaches the cytoplasm, where it mixes with 
cytoplasmic and granular proteins before being released 
to the extracellular environment. Increasing studies 
have been aiming to preserve the benefits of NETs and 
minimize their harmful effects (Porto and Stein, 2016). 
Antioxidant molecules or enzyme inhibitors (e.g., elastase 
and myeloperoxidase) may be beneficial for treating 
pathologies exacerbated by NETs.

Flavonoids are natural anti-inflammatory and antioxidant 
agents with considerable scientific and therapeutic interest. 
Among them, quercetin (3,5,7,3’-4’-pentahidroxi flavone) is 
widely known and frequently present in a variety of foods 
including tomatoes, apples, shallots, Brassica vegetables, 
onions, capers, and grapes, as well as in the seeds, leaves, 
barks, nuts, and flowers of many plants. Quercetin is also 
found in medicinal plants such as Sambucus canadensis 
(elder), Ginkgo biloba, and Hypericum perforatum (St. 
John’s wort) (Kelly, 2011). Quercetin appears to have 
many beneficial effects on human health (allergy, asthma, 
cancer, cardiovascular, atopic and gastric diseases, diabetes, 
hypertension, immunity and infections, pain, arthritis, 
metabolic syndrome traits, obesity, and mood disorders). 
The mechanisms underlying quercetin activities involve 
decrease in ROS production, inhibition of granulocyte 
degranulation, repression of inflammatory mediator 
release, blockage of enzymes, improvement of endothelial 
function, and prevention of myocardial cell injury caused 
by Ca2+ overload (Kelly, 2011; Batiha et al., 2020). Overall, 
those previous reports suggest that quercetin may inhibit 
NET release and their cytotoxic activity.

In the present study, we used in vitro and in silico 
approaches to evaluate the effect of quercetin on NET 
release and its protective effect on A549 alveolar cells 
incubated with NETs. Our data demonstrate that quercetin 
can reduce the release of NETs and some enzymes 
(elastase and myeloperoxidase), without modifying 
neutrophil viability. Quercetin also preserved A549 cell 
viability after incubation with NETs. Moreover, in silico 
analyses indicated that the formation of the quercetin/
elastase and quercetin/myeloperoxidase complexes is 
thermodynamically favorable, and this event could help 
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2.5. Neutrophilic degranulation

Neutrophilic degranulation was monitored by assaying 
elastase and myeloperoxidase release from neutrophils 
stimulated with PMA in the presence or absence of 
quercetin. Cells (2 × 105) were suspended in Hank’s solution 
and incubated with different quercetin concentrations for 
30 min before activation with PMA (50 nM). After 3 h at 
37°C, the neutrophils were centrifuged (437 × g, 5 min) 
and the supernatant was collected and incubated with 
1 mM elastase substrate (N-Methoxysuccinyl-Ala-Ala-
Pro-Val p-nitroanilide) (Sigma) or 1 mM myeloperoxidase 
substrate (TMB; 3,3,5,5-tetramethylbenzidine) for 30 min. 
The reaction was stopped with 1N sulfuric acid, and the 
absorbance was measured at 405 nm using a Multiskan 
FC microplate reader (Thermo Scientific).

2.6. Cell viability (MTT assay)

The colorimetric MTT (3-(4,5-dimethylthiazol-2-yl) 
2,5-Diphenyl tetrazolium bromide) (Sigma) method was 
used to measure cell viability. Living cells metabolize 
MTT salts via mitochondrial enzyme activity. In 96-well 
culture plates, human neutrophils (2 × 105 cells/well) and 
different concentrations of quercetin were co-incubated 
(1–4 h at 37°C). The medium was replaced with MTT 
(0.5 mg/mL) and incubated for 4h at 37 °C. After adding 
DMSO to dissolve the formazan crystals, optical density 
(OD) was measured using a spectrophotometer (560 nm). 
Neutrophils incubated only with RPMI-1640 (Sigma) and 
50 μM H2O2 (Stocco et al., 2012) were used as negative and 
positive controls (100% viable) for cell death, respectively.

The viability of A549 cells, treated or not with NETs, 
was also evaluated using the MTT assay. For this purpose, 
the cells (5 × 104/well) were incubated with quercetin 
(24 h), NETs (24 h), or NETs (1 h) previous to quercetin 
(24 h) at 37°C.

2.7. Inhibition of enzymatic activity from elastase and 
myeloperoxidase

Elastase-and myeloperoxidase-enriched supernatants 
were obtained from neutrophils (2 × 105) incubated with 
PMA (50 nM) for 3 h at 37°C. After centrifugation, the 
supernatants were incubated with quercetin for 30 min 
at 37°C, and enzymatic activity was evaluated by adding 
1 mM elastase substrate (N-Methoxysuccinyl-Ala-Ala-
Pro-Val-p-nitroanilide) (Sigma) or 1 mM myeloperoxidase 
substrate (TMB; 3,3,5,5-tetramethylbenzidine) for 30 min. 
The reaction was stopped with 1N sulfuric acid and the 
absorbance was measured at 405 nm using a Multiskan 
FC microplate reader (Thermo Scientific).

2.8. Molecular docking

Protein-ligand docking was performed on a local 
workstation using Auto-Dock Vina software (version 1.1.2). 
Structures of elastase (PDB: 3Q76), and myeloperoxidase 
(PDB: 5FIW) receptors were obtained from the Protein Data 
Bank. The structure of the ligand, quercetin pentaacetate, 
was obtained from PubChem database (CID: 5280343), 
converted to a PDB file, and completed with hydrogen 
using the UCSF Chimera program. The UCSF Chimera 

program was also used to minimize the structures of the 
compounds. For elastase a docking box of 22.5 × 22.1 × 
19.35 (X, Y, Z axes sizes) was centralized at the catalytic 
triad HIS 57, ASP 102, and SER 195. For myeloperoxidase 
the dimensions were 66.7 × 50.3 × 73.8, centralized in 
the heme cluster of chain A. The docking simulation was 
performed using the Broyden-Fletcher-Goldfarb-Shanno 
local gradient optimization method. The affinity of the 
docked complexes was calculated using the scoring 
function of AutoDock Vina (https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC3041641/pdf/nihms270965.pdf). 
Van Der Waals (VDW) surface overlaps with a cutoff ≥ 
-0.4 Å were considered as contacts.

2.9. Statistical analysis

Experimental data were processed using GraphPad 
Prism 6, who pointed out their Gaussian distribution. 
So, experimental data were evaluated using variance 
analysis (one-way ANOVA) followed by the Bonferroni 
test. The significance level was set at 5%. All assays were 
performed in triplicate, at least three times, independently.

3. Results and Discussion

NETs are structures released from activated neutrophils. 
They are composed of DNA and proteins from granules, the 
nucleus, and cytoplasm (i.e., elastase and myeloperoxidase) 
and play a microbicidal role by trapping and inactivating 
several pathogens. However, NETs have deleterious effects 
because they can increase inflammatory processes by 
intensifying tissue damage. Because flavonoids are known 
for their antioxidant and anti-inflammatory activities, 
we examined whether quercetin could exert protective 
activity against NETs. Our in vitro results showed that 
quercetin reduced NET release and cytotoxicity induced 
by it. Furthermore, quercetin inhibited the enzymatic 
activities of MPO and elastase.

NETs are often released under ROS-dependent stimuli 
such as PMA, lipopolysaccharide (LPS), and IL-8. Some 
stimuli can also induce ROS-independent NET release 
(Gabriel  et  al., 2010; Pilsczek  et  al., 2010; Farley  et  al., 
2012). These stimuli activate the NADPH-oxidase complex, 
ROS production, and activation of PAD14 (arginine protein 
deiminase 4). Consequently, the enzymes elastase and MPO 
migrate to the nucleus, where they assist in chromatin 
decondensation. The DNA is then released into the cytosol, 
where it mixes with the present granular and cytosolic 
proteins (Jorch and Kubes, 2017). We observed that prior 
incubation (30 min) of neutrophils with quercetin (50 μM) 
reduced NET release from PMA-stimulated neutrophils 
(Figure 1A). Other quercetin concentrations, in combination 
with PMA or alone, did not show any statistically significant 
effect in reducing NET release. Similar results were observed 
when MPO and elastase release was evaluated. Previous 
incubation with quercetin (50 μM) decreased elastase 
release by PMA-activated neutrophils (Figure 1C), whereas 
quercetin at both 25 μM and 50 μM diminished MPO release 
(Figure 1B). It is important to emphasize that all the effects 
of quercetin on neutrophils demonstrated in this study 
occurred in the absence of cell death (Figure 1D). In the 
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first hour, quercetin appeared to improve cell metabolism, 
though the data were not statistically significant. Several 
roles have been attributed to quercetin, which may explain 
the reduction of NETs, MPO, and elastase release, as 
described above. Quercetin has antioxidant activity, which 
scavenges reactive oxygen species (Boots  et  al., 2008) 
and also reduces ROS overproduction (Xu et al., 2019). 
As mentioned previously, ROS production is an important 
step during NET formation, including the release of DNA 
and granule proteins (i.e., MPO and elastase). Inhibition of 
NET release has also been reported for other antioxidant 
flavonoids. For instance, epicatechin, catechin hydrate, 
and rutin trihydrate inhibit NET formation (Kirchner et al., 
2013). Recently, quercetin and luteolin have been shown 
to inhibit NET formation in patients with oral lichen 
planus (OLP), a potentially malignant oral disorder 
(Jablonska  et  al., 2020). Further, previous studies have 
implicated quercetin in the in vitro inhibition of elastase 
release from neutrophils activated by other stimuli such 
as fMLP plus cytochalasin B (Kanashiro et al., 2007), fMLP, 
solid phase IgG, or zymosan-treated serum (Blackburn 
Junior  et  al., 1987), and cytochalasin B plus calcium 
ionophore, A23187 (Carini  et  al., 2001). Quercetin also 
inhibited MPO release from neutrophils stimulated by 
LPS (Lu et al., 2018), cytochalasin B plus PMA (Nosáľ et al., 
2014) and immune complexes (Santos et al., 2014). In all 
the studies cited above, quercetin did not show cytotoxic 
effects on neutrophils. Interestingly, quercetin inhibits 
acetylation (Xiao et al., 2011) and reduces the demethylation 

of histones (Abdulla et al., 2013). These events, combined 
with the inhibition of MPO and elastase enzymatic action 
by quercetin, can hamper NET release because they favor 
chromatin compaction. Future studies might clarify these 
issues.

Although NETs were initially described as microbicidal 
structures, a growing number of studies have shown that 
NETs are also responsible for deleterious effects on various 
tissues. NETs exacerbate inflammatory processes during 
rheumatoid arthritis, systemic lupus erythematosus, 
diabetes, cancer, and thrombosis (Jorch and Kubes, 2017). 
MPO and elastase have been partially implicated in the 
deleterious effects of NETs on tissues (Saffarzadeh et al., 
2012). Therefore, it is necessary to search for alternatives 
in the therapeutic treatment of diseases exacerbated by 
the presence of NETs. Our results, and data from others, 
suggest that quercetin has low cytotoxic potential and 
high potential to inhibit the release of NETs and their 
microbicidal enzymes.

As quercetin inhibited NET production, we performed 
assays to evaluate its role in the cytotoxicity induced by 
NETs (Figure 2). For this, we selected the A549 cell line 
because NETs have been demonstrated to induce cell 
death in this cellular lineage (Saffarzadeh et al., 2012). 
Thus, A549 cells were incubated for 24 h with quercetin 
(1.6–50 μM), NETs (0.1–18 μg/mL), or NETs plus quercetin. 
Different concentrations of quercetin did not affect 
A549 cell viability (Figure  2A). In contrast, NETs were 
cytotoxic to A549 cells in a concentration-dependent 

Figure 1. Quercetin reduces NETs, MPO, and elastase in the absence of cell death. (A-C) Neutrophils were incubated for 4 h, at 37°C, with 
medium, Quercetin alone (QCT 50 μM), PMA (50 nM) alone, or in the presence of quercetin (3.1–50 μM). The supernatant was collected 
to measure the release of (A) NETs, (B) elastase and (C) MPO. The results represent the mean values from three independent assays 
performed in triplicate ± standard deviation (#p < 0.05 compared to the positive control, PMA-activated neutrophils). (D) Neutrophils 
were incubated with medium, H2O2 (50 μM), or Quercetin (3.1–50 μM) for 1 h or 4 h. Cell viability was measured using the MTT assay. 
The results represent the mean values from three independent assays performed in triplicate ± standard deviation.
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manner (Figure  2B). The calculated data from linear 
regression showed 12 μg/mL of NETs as the CC50 in these 
cells. This was an important result for designing the next 
assay. To evaluate the effects of quercetin in the treatment 
of NET-damaged tissue, we incubated A549 cells with NETs 
(12 μg/mL) for 1 h, and then added quercetin (1.6–50 μM; 
24 h) (Figure 2C). Cells incubated with medium only were 
considered to have 100% viability. The presence of NETs 
(12 μg/mL) induced 50% cell death. Quercetin at 12.5–50 μM, 
was able to reduce the cytotoxic effects of NETs, whereas 
lower concentrations (1.6–6.25 μM) showed no effects. 
Previous studies examining the effects of quercetin on 
A549 cells also demonstrated that quercetin (< 200 μM) 
maintains 72.3% of cell viability after 24 h of incubation 
(Robaszkiewicz et al., 2007). These results agree with our 
findings. Similarly, incubation of A549 cells with NETs 
(10.1 μg/mL) for 16 h revealed that ~50% of the cells were 

positive for Annexin-V (Saffarzadeh et al., 2012). Quercetin 
acted positively by reducing the cytotoxic effects of NETs 
on A549 cells in a concentration-dependent manner. 
As the cytotoxicity of NETs on A549 cells was attributed 
to major protein components in the composition of 
NETs (Saffarzadeh  et  al., 2012), we hypothesized that 
the protective effect of quercetin would result from its 
interaction with some of these molecules.

In particular, during chronic lung inflammation, there 
is activation and mass migration of neutrophils into the 
alveolar space, which is controlled through chemokines 
produced by epithelial cells, macrophages, and neutrophils 
(Kasama  et  al., 2005). The cell activation process is 
negatively modulated by pulmonary surfactant proteins. 
In this context, there is a deficiency in the cleaning of 
nucleic acids present in the tissue, which results in the 
permanence of NETs and damage to local cells (Douda et al., 
2011; Nayak et al., 2012). Further, the protein components 
of NETs are potential risk factors for the lung; elastase 
increases the permeability of the alveolus-capillary barrier 
by cleaving actin in the endothelial cytoskeleton, which 
induces epithelial cell apoptosis and the pro-inflammatory 
cytokine release, thus aggravating inflammation (Lee and 
Downey, 2001; Kawabata et al., 2002). ROS production by 
MPO causes damage to pulmonary epithelial cells, leading 
to apoptosis and necrosis (Grommes and Soehnlein, 2011; 
Nishinaka et al., 2011). We observed that quercetin reduced 
the release of NETs, MPO, and elastase. We further sought 
to evaluate whether quercetin could inhibit the enzymatic 
activity of these enzymes (Figure 3).

Supernatants from PMA-activated neutrophils, enriched 
with MPO and elastase, were incubated with quercetin 
for 30 min. Enzymatic activity was then tested using 
the specific substrates of MPO and elastase. Quercetin 
(50 μM) was found to diminish the enzymatic activity of 
MPO (Figure 3A) and elastase (Figure 3B). Lower quercetin 
concentrations had no effect. Although some authors have 
demonstrated similar results, the detailed mechanisms 
involved in hampering enzymatic activity remain vague. 
Previous studies have suggested that quercetin could be a 
co-substrate for MPO (Shiba et al., 2008; Santos et al., 2014). 
Thus, the interaction between quercetin and MPO oxidizes 
the flavonoid and induces irreversible enzyme inhibition. 
Further, quercetin is reported to interact with and inhibit 
elastase depending on the presence of the catechol group 
at the flavonoid B-ring (Kanashiro et al., 2007).

We performed molecular docking analysis to evaluate 
the possible interaction between quercetin and MPO 
(Figure  4A) or elastase (Figure  4B). The simulations 
demonstrated that the Quercetin/MPO (Vina Score -8.1) 
and Quercetin/Elastase (Vina Score -6.4) complexes are 
thermodynamically favorable and stable. The aromatic rings 
of quercetin can establish 71 VDW contacts with amino 
acids near the heme radical and the catalytic site region 
(Davey and Fenna, 1996; Cockroft et al., 2005). Quercetin 
was found at an average distance of 2.66 Å (1.45 3.88 Å) 
from nine amino acids (Arg239, Phe99, Thr100, Glu102, 
Phe147, Glu116, Met441, Pro145, and Leu415). Quercetin 
also approached the elastase catalytic site (Allen et al., 
1996; Mattos et al., 2006) where it was able to establish 
57 VDW contacts with eight amino acids (Phe215, 

Figure 2. Quercetin reduces cell damage induced by NETs. A549 
cells were seeded into a 96-well plate and incubated for 4 h with 
(A) quercetin (1.6–50 μM) or (B) NETs (0.28–18 μg/mL). In (C), cells 
were previously incubated with NETs (12 μg/mL) for 1 h, and then 
with quercetin (1.6–50 μM) for 4 h. Cell viability was measured 
using MTT assay. The dashed line represents CC50 for quercetin 
(> 50 μM) and NETs (12 μg/mL) in A and B. The results represent 
the mean values from three independent assays, performed in 
triplicate ± standard deviation (#p < 0.05 and ##p < 0.01 compared 
to the control, NETs 12 μg/mL plus Quercetin 0 μM).
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Figure 3. Quercetin reduces enzymatic activity of MPO and elastase. (A–B) Neutrophils were incubated for 4 h at 37°C, with PMA 
(50 nM). The enriched supernatant with MPO and elastase was incubated (30 min) with quercetin (6.2–50 μM) to measure enzymatic 
activity. The results represent the mean values from three independent assays performed in triplicate ± standard deviation (#p < 0.05 
compared to the positive control, Quercetin 0 μM).

Figure 4. Molecular docking analyses from the best complexes of quercetin/MPO and quercetin/Elastase. The structure and catalytic sites 
of MPO (A) and elastase (B) enzymes are highlighted on the left, the lowest scored energy interactions of Quercetin and the receptors 
are detailed on the right. Vina Score = AutoDock Vina Score function and VDW Contacts = Van Der Waals surface overlap.
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maintaining an average distance of 2.8 Å (1.865 – 3.735 Å). 
The average distance shown by Quercetin/MPO (2.66 Å) 
and Quercetin/Elastase (2.8 Å) complexes are in a distance 
range (2.0–3.2 Å) considered favorable for hydrogen bond 
formation (Mancini et al., 2004). In fact, because of the 
atom types, geometric criteria, and degree of interaction 
between quercetin and the receptors, hydrogen bonds 
were also predicted in the quercetin/MPO (2 H-bonds) and 
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theoretical explanation for the inhibition of MPO and 
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4. Conclusions
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deleterious cytotoxic effects. The discovery of drugs that 
can reduce such effects can be used in the treatment of 
inflammatory diseases. We have demonstrated for the 
first time that quercetin reduces the cytotoxic effects 
of NETs (Figure  5). In addition, quercetin reduces NET 
release, as well as the liberation and enzymatic activity 
of MPO and elastase. Because in vitro assays are great for 
carrying out controlled studies, but they show limitations 
when compared to in vivo conditions, we believe that 
future studies may clarify whether quercetin could be 
an alternative or complementary therapeutic treatment 
strategy for NET-mediated tissue diseases.
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