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The present study analyzes the importance of the inflammasome that involves the NLRP3 complex in the
state of hypercytokinemia observed in patients with COVID-19, significantly increasing IL-1b, IL18, IL-6,
and TNF. Unfortunately, improving the immune response can sometimes worsen the outcome of the
disease. Studies show that colchicine, among other actions, inhibits the assembly of NLRP3 complex that
is responsible for generating the active form of Caspase-1 that will convert Pro-IL-1b and Pro-IL-18 into
their active forms. We suggest using colchicine, a class of drugs with low-cost, extensively tested, well-
tolerated medicine as a complementary treatment for patients with COVID-19, in early stages of the
disease based on knowledge of its immunomodulatory properties.
© 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The present study analyzes the importance of the inflamma-
some that involves the NLRP3 complex in hypercytokinemia, pre-
sent in patients diagnosed with SARS-CoV-2, as well as the
metabolic actions of colchicine in inhibiting the activation of this
inflammasome by different mechanisms. We also discussed the
safety and suggested that it be a therapeutic option for patients
in settings where modern immunosuppressants are not available.
2. Production inflammatory cytokine in patients with Sars-
Cov-2

We know the innate immune system is non-specific to infec-
tious agents and consists of mechanisms and molecules with a
rapid response to infection. One indication that immunopathogen-
esis may contribute to SARS was the observation that viral load in
patients decreased while disease severity increased. Most of these
critically ill and dead patients did not develop severe clinical man-
ifestations in the early stages of the disease. In patients with condi-
tions that have deteriorated suddenly in the more advanced stages
of the disease or even in the recovery process, it may be due to the
positive regulation of pro-inflammatory cytokines [1].

Inflammation is stimulated by chemical factors released by
injured cells and serves to establish a physical barrier against the
spread of infection and to promote healing of any damaged tissue
following the clearance of pathogens. The process of acute inflam-
mation is initiated by cells already present in all tissues. The pri-
mary effector cells, which include neutrophils, macrophages,
dendritic cells, histiocytes, Kupffer cells, and natural killer (NK)
cells, rapidly move to the site of infection or tissue damage and
r Inc. This is an open access article
cause resolution of infection and tissue repair [2,3].
PRRs (Pattern Recognition Receptors) are receptors of the innate

immune system that specialize in the recognition of pathogens like
bacteria and viruses. PRRs are proteinmolecules encoded in the hu-
man genome and are mainly present on immune cells like macro-
phages, monocytes, neutrophils, epithelial cells, and dendritic cells.

The PPRs recognize highly conserved structural motif known as
Pathogens Associated Microbial Patterns (PAMPs), which are exclu-
sively expressed by microbial pathogens or Danger Associated Mo-
lecular Patterns (DAMPs) that are endogenous molecules released
from necrotic or dying cells [4] (Fig. 1).

Recognition of microbial products by PRRs leads to a variety of
signal transduction pathways that regulate the nature, magnitude,
and duration of the inflammatory response [5]. The loss of the abil-
ity to monitor the quality or extension of the host’s inflammatory
response can be detrimental if cascades are not appropriately
controlled.

The NLRP3 inflammasome is defined by its sensor protein (a
PRR), which oligomerizes to form a pro-caspase-1 activating plat-
form in response to DAMPs or PAMPs [6e10].

Caspase-1 is activated via proximity-induced autocatalytic acti-
vation, and now the active caspase-1 cleaves the cytokines pro-
interleukin-1b (pro-IL-1b) and pro-interleukin-18 (pro-IL-18) into
their mature and biologically active forms [12e14]. The production
of acute-phase proteins in hepatocytes is controlled by various cy-
tokines released during the inflammatory process. During the he-
patic acute phase response, the liver increases the synthesis of
specific proteins up to 1000 times, including mediators of the in-
flammatory processes like C-reactive protein, a1-acid glycoprotein,
haptoglobin, fibrinogen, a1-antitrypsin, and complement compo-
nents C3 and C4. All of them will be responsible for several of the
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Fig. 1. PPRs are activated by PAMPs or DAMPs, and this causes the NLRP3 inflamma-
some to become active and convert pro-caspase-1 into caspase-1. Now, Caspase 1 can
transform pro-IL-18 and pro-IL-1b, which have been synthesized in the nucleus into
their active forms that are released by exocytosis. PRRs - Pattern Recognition Re-
ceptors, PAMP-Pathogens Associated Microbial Patterns, DAMP-Danger Associated
Molecular Patterns, pro-IL-1b - pro-interleukin-1b, pro-IL-18 - pro-interleukin-18.
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clinical manifestations of SARS-CoV-2 [19,20].
The NLRP3 inflammasome is essential for host immune defenses

against viral infections, but it has been linked to the pathogenesis of
several inflammatory disorders when dysregulated, including Cyto-
kine Storm. The NLRP3 inflammasome also was described as an
essential mediator of virus-induced inflammation by a path inde-
pendent of DAMPs and PAMPs. The perturbation of membrane
permeability by Viroporins and subsequent disruption of ions ho-
meostasis in cellular compartments is a possible path for the pro-
duction of IL-18 and 1L-1b [15e17].

As for COVID-19, studies have reported higher IL-18 and 1L-1b,
indicating an increase in the NLRP3 inflammasome activation.
Coronavirus has 2 Viroporins: the E protein and the 3a protein,
which act as ion-conductive pores in planar lipid bilayers and are
required for maximal SARS-CoV-2 replication and virulence. They
could also be responsible for Cytokine Storm by inflammasome
activation [6,18].

Inflammatory mediators play a vital role in the pathogenesis of
ARDS, a primary cause of death in patients infected with SARS-CoV-
2 [7]. Several cytokines, including IL-6, IL-8, and IL-1b, contribute to
ARDS [8]. Additionally, uncontrolled epithelial cell proliferation and
impaired tissue remodeling during later stages induce ARDS lead-
ing to pulmonary fibrosis and death.

Infection with the dengue virus is another viral disease charac-
terized by an exacerbated immune response from the host, which
plays an essential role in the development of severe clinical mani-
festations. This response is marked by the antibody-dependent
enhancement (ADE) that occurs when infection by the dengue virus
serotype predisposes the person to a more severe disease after sec-
ondary infection by the heterologous dengue virus serotype [11].

The ADE was proposed to explain the difference between the
severity of the cases observed in Hubei province, China, and those
occurring in other parts of the world. One possible answer is the
ADE of SARS-CoV-2 due to previous exposure to other coronavi-
ruses. ADE modulates the immune response and can cause sus-
tained inflammation, lymphopenia, and a cytokine storm, which
are well documented in severe cases and death [12].

ADE is a potential risk associated with the development of a vac-
cine against COVID19 since antibodies that bind to the virus
without neutralizing infectivity can cause diseases through
increased viral replication or immune complex formation, which
deposit in the lung and other organs and activate the pathway asso-
ciated with inflammatory cytokines.

However, today there is not enough evidence to support that
ADE can occur in COVID19. The development of vaccines and the
presence of people who have been infected and developed mild
forms of infection with COVID19 need to have this potential risk
assessed from the beginning.

3. NLRP3 inflammasome and colchicine

Colchicine is an alkaloid extracted from plants of the genus
Colchicum (autumn crocus) that has been discovered to inhibit
many steps in the inflammatory process. Its history as an herbal
remedy for joint pain goes back at least to the 1500 BCE Egyptian
manuscript, the Ebers Papyrus. The drug has good oral bioavail-
ability. Toxicities are primarily gastrointestinal, hepatic, and
hematologic.

The therapeutic use of colchicine has been well documented in
gout and Familial Mediterranean Fever (FMF); it has also been used
in other diseases including Behcet’s disease (BD), pericarditis, coro-
nary artery disease, primary biliary cirrhosis, psoriasis, aphthous
stomatitis, linear IgA dermatosis, relapsing polychondritis, Sweet’s
syndrome, scleroderma, amyloidosis, leukocytoclastic vasculitis,
epidermolysis bullosa, and dermatomyositis, idiopathic retroperi-
toneal fibrosis and other inflammatory and fibrotic conditions
[22e24].

The colchicine can decrease the expression of the TNF-a receptor
in macrophages and reduce cytokines IL-1b, IFNg, IL-18, and IL-6.
Over the years, many studies have shown its therapeutic potential
for various inflammatory conditions [25e27].

Colchicine suppresses NLRP3 inflammasome, but the mechanism
is still unknown. It could be related to the disruption of microtubule-
dependent transport of mitochondria to the endoplasmic reticulum.
The assembly of NLRP3 in the endoplasmic reticulum with its
adaptor is required to activate the inflammasomes [28e30] (Fig. 1).

Colchicine showed to modulate the lipopolysaccharide-induced
secretion of tumor necrosis factor (TNF) by liver macrophages in a
rat model. In the presence of colchicine, macrophages showed less
reactive oxygen species formation, nitric oxide, and IL1b release. Af-
ter colchicine treatment, mice inoculated with lipopolysaccharide,
and ATP had diminished ROS, IL1b, interferon-g, and NO production
[18,31].

Pathological studies have reported that patients infected with
COVID-19 can develop consolidation in the lungs by fibroblast pro-
liferation in the alveolar air spaces [32]. The colchicine has anti-
fibrotic effects as a microtubule-destabilizing agent. We know
that myofibroblast differentiation plays a critical role in wound
healing and the pathogenesis of fibrosis. In an in vitro study using
human lung fibroblasts, colchicine inhibited myofibroblast differ-
entiation via Rho/serum response factor (SRF) dependent [31e33].

The cardiovascular applications of colchicine have been evolving
in the last decade. Colchicinewas shown to have synergistic protec-
tive effects with atorvastatin on endothelial function, reduced C-
reactive protein (CRP), lipoprotein-associated phospholipase A2
(Lp-PLA2), and enhanced NO production in rats [34]. Colchicine
has also been shown to affect the expression of adhesion molecules
on endothelial cells, leukocytes, and to decrease activation of
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thrombin-induced platelet aggregation [35], for this reason, have
been used to prevent deleterious effect on coronary arteries
induced by radiation therapy by inhibiting inflammation and
platelet aggregation. The short-term study also demonstrated
that the colchicine administration rapidly and significantly reduces
local cardiac production of the inflammatory cytokines (IL-1b, IL-
18, and IL-6) in patients with acute coronary syndromes [36].

The efficacy and safety of colchicine for the primary prevention
of the postpericardiotomy syndrome (PPS), postoperative effusions,
and postoperative atrial fibrillation (POAF) have been shown in the
colchicine for the Prevention of the Post-pericardiotomy Syndrome
(COPPS) trial [37]. Based on early observational experiments, the
European Society of Cardiology has recommended colchicine as a
treatment option for pericarditis and post-pericardiotomy syn-
drome (level of evidence B, class IIa), either as an adjunct to NSAIDs
or as monotherapy [38].

A recent large randomized, double-blinded study with 532 sub-
jects who had coronary artery disease and who took colchicine
0.5mg daily for a median of three years, demonstrated a reduction
in the incidence of acute cardiovascular events, or non-hospital car-
diac arrests or non-cardioembolic ischaemic strokes in the colchi-
cine treatment arm (5.3% vs. 16% p < 0.001) [39].

Colchicine has been the treatment of choice for Familial Medi-
terranean Fever (FMF) since the 1970s. There are several long-
term follow-up studies, including one longitudinal study, in which
patients taking colchicine for a minimum of 15 years showed the
safety and efficacy of this therapy.

Colchicine has a narrow therapeutic window. When prescribed
daily and chronically for FMF, the most common adverse reactions
are abdominal pain, diarrhea, nausea, and vomiting. These effects
are usually mild, transient, and reversible upon lowering the
dose. Prescribed for gout attacks with doses up to 1.8 mg, the
most common adverse reaction is diarrhea (23%). However, thera-
peutic doses of colchicine can lead to blood dyscrasias, including
myelosuppression, leukopenia, granulocytopenia, thrombocyto-
penia, pancytopenia, and aplastic anemia [40].

Colchicine is a substrate for intestinal and hepatic cytochrome
CYP3A4 and a substrate for P-glycoprotein (P-GP) [37]. Fatal drug
interactions have been reported in patients treated with colchicine
and concomitant P-GP inhibitors (e.g., cyclosporine and ranolazine)
or potent CYP3A4 inhibitors (e.g., clarithromycin, telithromycin,
itraconazole, ketoconazole, nefazodone, and some protease inhibi-
tors) [41]. We have to avoid using colchicine with drugs that can in-
crease its toxicity. Dose reductions in colchicine should be
considered in patients with renal or hepatic impairment and the
elderly. Some recommendations suggest reducing the dose of
colchicine by 50% in patients with creatinine clearance below 50
ml/minute [42].

Our research looked for the interaction of colchicine with drugs
commonly used in patients with SARS-CoV-2 that were not
described in the previous paragraph. We need to assess whether
the patient is using medications that increase the risk of adverse
events due to an interaction with drugs that inhibit CYP3A4 or P-
GP [43].

The P glycoprotein’s pharmacological inhibitors with a potential
risk of use in patients with SARS-CoV-2 during hospitalization are
amiodarone, clarithromycin, diltiazem, ketoconazole, lansoprazole,
omeprazole, and other proton pump inhibitors, nifedipine, paroxe-
tine, sertraline, verapamil, and duloxetine.

Drugs that are potent CYP3A4 inhibitors include (but are not
limited to) clarithromycin, diltiazem, erythromycin, itraconazole,
ketoconazole, ritonavir, and verapamil.

Patients with inflammation, particularly high acute-phase pro-
teins, such as C-reactive protein (CRP), have reduced the CYP3A4
function. Some drugs can also have an induction effect, which
usually results in a decrease in the action of the medicine, are
potent inducers: the phenobarbital and phenytoin [44].

The significant side effects related to the use of colchicine were
associated with prolonged use, pre-existing pathological conditions,
and interaction with the drugs mentioned before. All patient needs
to bemonitored to avoid these situations: bone marrow suppression
[45], Disseminated Intravascular Coagulation [46], rhabdomyolysis
[47], and electrolyte disturbances, including hypokalemia and
hyponatremia.

4. Therapeutic doses of colchicine

In the AGREE study (Acute Drop Analysis Receiving Colchicine),
which looked at high and low doses of colchicine, that is, 8 versus 3
tablets (0.6 mg) in 24 hours in the initial acute outbreaks, there was
no significant difference between both groups, related to symptom
relief, but the group with high doses had more gastrointestinal ef-
fects [48].

The American College of Rheumatology guidelines also recom-
mended colchicine as an appropriate primary treatment option
for acute gout attacks, with an initial dose of 1.2 mg, followed by
0.6 mg every 6 hs [49].

Several studies involving osteoarthritis, liver cirrhosis, and peri-
carditis, among others, have reported the prolonged use of colchi-
cine safely. In one of those studies total of 120 patients (mean age
56.9 ± 18.8 years, 54males) with a first episode of acute pericarditis
(idiopathic, viral, postpericardiotomy syndromes, and connective
tissue diseases) received treatment plus colchicine 1.0e2.0 mg for
the first day and then 0.5e1.0 mg/d for 3 months (group II). The pri-
mary endpoint was the recurrence rate. During the patient follow-
up, colchicine significantly reduced the recurrence rate and have
was discontinued in 5 cases (8.3%) because of diarrhea. No serious
adverse effects were observed [50].

While this articlewas being revised, was published the GRECCO-
19 Randomized Clinical Trial, where a total of 16 tertiary care hos-
pitals in Greece were activated to recruitments patients between
April 3 and April 27, 2020. In this study, 105 patients hospitalized
with COVID-19 were randomized in a 1:1. The patients who were
randomized to the intervention arm received a loading dose of
1,5 mg of colchicine followed by 0,5 mg of colchicine 60 min later
if no adverse gastrointestinal effects were observed. The mainte-
nance dosage was 0,5 mg colchicine twice daily until hospital
discharge or a maximum of 21 days. In this Trial, the clinical dete-
rioration rate was higher in the control group than the colchicine
group. No difference was observed in the primary biochemical
endpoint (high sensitivity troponin concentration), but patients
in the colchicine arm had a smaller increase in dimerized plasma
fragment D [51].

5. Discussion

Since December 2019, Wuhan, China, has experienced an
outbreak of coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The WHO
classified the novel coronavirus as a global public health emergency
on January 30th, and already on March 11th, was reclassified as a
pandemic.

We currently have 253,390 deathsworldwide, and there is still no
effective treatment for severe cases and no immunization therapy.
Current management consists of supportive care in the absence of a
proven effective treatment, including invasive and noninvasive oxy-
gen support and treatment with antibiotics [52e54]. Also, many pa-
tients have received off-label or compassionate-use therapies,
includingantiretrovirals, antiparasitic agents, antiinflammatorycom-
pounds, immunosuppressive agents, and convalescent plasma [21].
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Several studies suggested that the cytokine storm (i.e., higher
concentrations of granulocyte-colony stimulating factor, interferon
gamma-induced protein 10, monocyte chemoattractant protein 1,
macrophage inflammatory protein 1a and tumor necrosis factor
a) could be associated with the severity of disease [55]. Another
study from China reported that increased expression of IL-2 and
IL-6 in serum appears to predict the severity and prognosis of pa-
tients with COVID-19 [56].

The chloroquine and hydroxychloroquine can reduce the pro-
duction of various pro-inflammatory cytokines, such as IL-1, IL-6,
interferon-a, and tumor necrosis factor, which are involved in the
cytokine storm [57]. However, side effects, mainly cardiovascular,
have discontinued use in some countries driven by WHO
recommendations.

Several randomized controlled trials are investigating the safety
and efficacy of the various antiviral and immunosuppressive
agents. Many of these drugs have serious adverse effects, especially
when administered to critically ill patients, whichmay have a nega-
tive synergistic effect with other drugs in use [54].

In this paper we suggest using the use of colchicine, a class of
drugs with widespread availability and optimal tolerability profile,
as an add-on treatment for COVID-19 patients, based on their
known immunomodulatory properties.

The colchicine has anti-fibrotic effects as a microtubule-
destabilizing agent, which can contribute to the reduction of pul-
monary fibrosis as well as the formation of Viroporins. The colchi-
cine significantly reduces levels of production the inflammatory
cytokines (IL-1b, IL-18, and IL-6) that contribute to thrombotic
microangiopathies. We also know that Inflammatory mediators
play a crucial role in the pathogenesis of ARDS, and cytokines
contribute to ARDS. Additionally, uncontrolled epithelial cell prolif-
eration and impaired tissue remodeling during later stages induce
ARDS leading to pulmonary fibrosis [56].

Based on this evidence, the use of colchicine as an immunomod-
ulatory treatment for COVID-19 may deserve consideration due to
the intrinsic metabolic effects demonstrated.

6. Conclusion

Different factors are involved in the outcome of patients
receiving treatment against COVID19, including the type of sup-
portive care (for example, medications used or variations in venti-
latory practices) and hospitalization limits. In addition, the use of
immunosuppressive agents to control the cytokines storm isn’t
available in poorer countries. Colchicine is a medication that acts
on inflammasome NLRP3 and can reduce cytokine storm. Further-
more, it has low cost, was extensively tested and well tolerated,
less likely to be affected by a shortage in a health crisis like the cur-
rent COVID-19 pandemic. This hypothesis should justify the consid-
eration of the more phase III clinical trials.
References

[1] Peiris JS, Chu CM, Cheng VC, et al. Clinical progression and viral load in a com-
munity outbreak of coronavirus-associated SARS pneumonia: a prospective
study. Lancet 2003;361(9371):1767e72.

[2] Medzhitov R, Janeway Jr C. Innate immunity. N Engl J Med 2000 August
3rd;343(5):338e44.

[3] Iwasaki A, Medzhitov R. Toll-like receptor control of the adaptive immune re-
sponses. Nat Immunol 2004;5:987e95.

[4] Thompson MR, Kaminski JJ, Kurt-Jones EA, Fitzgerald KA. Pattern recognition
receptors and the innate immune response to viral infection. Viruses
2011;3(6):920e40.

[5] Mogensen TH. Pathogen recognition and inflammatory signaling in innate im-
mune defenses. Clin Microbiol Rev 2009;22(2):240e73.

[6] Casta~no-Rodriguez Carlos, et al. Role of severe acute respiratory syndrome
coronavirus viroporins E, 3a, and 8a in replication and pathogenesis. mBio
2018;9. 3 e02325-17. May 22nd.
[7] Drosten C, Seilmaier M, Corman VM, Hartmann W, Scheible G, Sack S,
Guggemos W, Kallies R, Muth D, Junglen S, Müller MA, Haas W, Guberina H,
R€ohnisch T, Schmid-Wendtner M, Aldabbagh S, Dittmer U, Gold H, Graf P,
Bonin F, Rambaut A. WendtnerClinical features and virological analysis of a
case of Middle East respiratory syndrome coronavirus infection. CM Lancet
Infect Dis 2013 Sep;13(9):745e51.

[8] Jiang Y, Xu J, Zhou C, Wu Z, Zhong S, Liu J, Luo W, Chen T, Qin Q, Deng P. Char-
acterization of cytokine/chemokine profiles of a severe acute respiratory syn-
drome. Am J Respir Crit Care Med 2005 Apr 15;171(8):850e7.

[9] Akira S, Uematsu S. Takeuchi Pathogen recognition, and innate immunity. Cell
2006 Feb 24;124(4):783e801.

[10] Akira S, Uematsu S, Takeuchi O, Lamkanfi M, Festjens N, Declercq W, Vanden
Berghe T. Caspases in cell survival, proliferation, and differentiation. Vandena-
beele P Cell Death Differ 2007 Jan;14(1):44e55.

[11] Jin X, et al. Cellular and molecular basis of antibody-dependent enhancement
in human dengue pathogenesis. Future Virol 2008;3. 343e36.

[12] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet
2020;395(10223):497e506.

[13] Latz E, Xiao TS, Stutz A. Activation and regulation of the inflammasomes. Nat
Rev Immunol 2013;13:397e411.

[14] Martinon F, Gaide O, Petrilli V, Mayor A, Tschopp J. NALP inflammasomes: a
central role in innate immunity Semin. Immunopathol 2007;29:213e29.

[15] Schroder K. J. Tschopp The inflammasomes. Cell 2010;140:821e32.
[16] Schroder K, Zhou R, Tschopp J. The NLRP3 inflammasome: a sensor for meta-

bolic danger? Science 2010;327:296e300.
[17] Dinarello CA. Immunological and inflammatory functions of the interleukin-1

family. Annu Rev Immunol 2009;27:519e50.
[18] Martinon F, Mayor A, Tschopp J. The inflammasomes: guardians of the body.

Annu Rev Immunol 2009;27:229e65.
[19] Castano-Rodriguez C, Honrubia JM, Gutierrez Alvarez J, DeDiego ML, Nieto-

Torres JL, Jimenez-Guardeno JM, et al. Role of severe acute respiratory syn-
drome coronavirus viroporins E, 3a, and 8a in replication and pathogenesis
mBio. 2018. p. 9.

[20] Frater JL, Zini G, d’Onofrio G, Rogers HJ. COVID-19 and the clinical hematology
laboratory. Int J Lab Hematol 2020;42(Suppl. 1):11e8. https://doi.org/10.
1111/ijlh.13229.

[21] Yan Y, Shin WI, Pang YX, et al. The first 75 Days of novel coronavirus (SARS-
CoV-2) outbreak: recent advances, prevention, and treatment. Int J Environ
Res Publ Health 2020;17(7):2323. Published 2020 March 30th.

[22] Chae JJ, Wood G, Richard K, Jaffe H, Colburn NT, Masters SL, et al. The familial
Mediterranean fever protein, pyrin, is cleaved by caspase-1 and activates NF-
kappaB through its N-terminal fragment. Blood 2008;112(5):1794e803.

[23] Abanonu GB, Daskin A, Akdogan MF, Uyar S, Demirtunc R. Mean platelet vol-
ume and b-thromboglobulin levels in familial Mediterranean fever: effect of
colchicine use? Eur J Intern Med 2012;23(7):661e4.

[24] Rustemoglu A, Ü Gül, Gümüş-Akay G, G€onül M, Yi�git S, Bozkurt N, et al. MDR1
gene polymorphisms may be associated with Behçet’s disease and its
colchicum treatment response. Gene 2012;505(2):333e9.

[25] McCarty DJ. Urate crystals, inflammation, and colchicine. Arthritis Rheum
2008;58(2 Suppl):S20e4.

[26] Cronstein BN, Sunkureddi P. Mechanistic aspects of inflammation and clinical
management of inflammation in acute gouty arthritis. J Clin Rheumatol
2013;19(1):19e29.

[27] Leung YY, Yao Hui LL, Kraus VB. Colchicine–Update on mechanisms of action
and therapeutic uses. Semin Arthritis Rheum 2015;45(3):341e50.

[28] Martinon F, P�etrilli V, Mayor A, Tardivel A. Gout-associated uric acid crystals
activate the NALP3 inflammasome. Tschopp J Nature 2006 March
9th;440(7081):237e41.

[29] Yu JW, Farias A, Hwang I, Fernandes-Alnemri T, Alnemri ES. Ribotoxic stress
through p38 mitogen-activated protein kinase activates in vitro the human
pyrin inflammasome. J Biol Chem 2013 Apr 19;288(16):11378e83.

[30] Misawa T, Takahama M, Kozaki T, Lee H, Zou J, Saitoh T, Akira S. Microtubule-
driven spatial arrangement of mitochondria promotes activation of the NLRP3
inflammasome. Nat Immunol 2013 May;14(5):454e60.

[31] Viktorov AV, Yurkiv VA. Albendazole and colchicine modulate LPS-induced
secretion of inflammatory mediators by liver macrophages. Bull Exp Biol
Med 2011 Oct;151(6):683e5.

[32] Tian S, Xiong Y, Liu H, et al. Pathological study of the 2019 novel coronavirus
disease (COVID-19) through postmortem core biopsies. Mod Pathol
2020;33(6):1007e14. https://doi.org/10.1038/s41379-020-0536-x.

[33] Sandbo N, Ngam C, Torr E, Kregel S, Kach J, Dulin N. Control of myofibroblast
differentiation by microtubule dynamics through a regulated localization of
mDia2. J Biol Chem 2013 May 31;288(22):15466e73.

[34] Huang C, Cen C, Wang C, Zhan H, Ding X. Synergistic effects of colchicine com-
bined with atorvastatin in rats with hyperlipidemia. Lipids Health Dis 2014
April 17th;13:67.

[35] FT.O’Herron Medical HipotesisFebruary. Prophylactic use of colchicine in pre-
venting radiation-induced coronary artery disease. 2018. p. 58e60.

[36] Martínez GJ, Robertson S, Barraclough J, et al. Colchicine acutely suppresses
local cardiac production of inflammatory cytokines in patients with acute cor-
onary syndrome. J Am Heart Assoc 2015;4(8):002128. Published 2015 August
24th.

[37] Imazio M. The efficacy and safety of colchicine for the primary prevention of
the postpericardiotomy syndrome (PPS), postoperative effusions, and

http://refhub.elsevier.com/S2589-9368(20)30025-6/sref1
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref1
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref1
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref1
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref2
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref2
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref2
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref3
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref3
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref3
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref4
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref4
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref4
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref4
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref5
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref5
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref5
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref6
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref6
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref6
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref6
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref7
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref7
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref7
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref7
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref7
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref7
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref7
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref7
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref8
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref8
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref8
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref8
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref9
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref9
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref9
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref10
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref10
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref10
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref10
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref11
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref11
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref11
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref12
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref12
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref12
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref12
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref13
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref13
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref13
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref14
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref14
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref14
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref15
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref15
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref16
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref16
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref16
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref17
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref17
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref17
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref18
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref18
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref18
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref19
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref19
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref19
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref19
https://doi.org/10.1111/ijlh.13229
https://doi.org/10.1111/ijlh.13229
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref21
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref21
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref21
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref22
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref22
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref22
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref22
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref23
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref23
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref23
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref23
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref24
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref24
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref24
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref24
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref24
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref24
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref24
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref25
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref25
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref25
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref26
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref26
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref26
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref26
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref27
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref27
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref27
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref28
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref28
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref28
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref28
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref28
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref29
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref29
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref29
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref29
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref30
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref30
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref30
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref30
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref31
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref31
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref31
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref31
https://doi.org/10.1038/s41379-020-0536-x
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref33
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref33
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref33
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref33
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref34
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref34
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref34
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref35
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref35
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref35
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref36
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref36
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref36
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref36
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref37
http://refhub.elsevier.com/S2589-9368(20)30025-6/sref37


S.A. Ribeiro et al. / Metabolism Open 7 (2020) 100045 5
postoperative atrial fibrillation (POAF) has been shown in the Colchicine for
the prevention of the Post-pericardiotomy Syndrome (COPPS) trial. Am Heart
J 2013 Jul;166(1):13e9.

[38] Maisch B, Seferovi�c PM, Risti�c AD, Erbel R, Rienmüller R, Adler Y,
Tomkowski WZ, Thiene G, Yacoub MH. Guidelines on the diagnosis and man-
agement of pericardial diseases executive summary; the Taskforce on the
diagnosis and management of pericardial diseases of the European society
of cardiology, Task Force on the Diagnosis and Management of Pericardial Dis-
eases of the European Society of Cardiology. Eur Heart J 2004 Apr;25(7):
587e610.

[39] Nidorf SM, Eikelboom JW, Budgeon CA, Thompson. Low-dose colchicine for
secondary prevention of cardiovascular disease. PL J Am Coll Cardiol 2013
January 29th;61(4):404e10.

[40] Terkeltaub RA, Furst DE, Digiacinto JL, Kook KA, Davis MW. Novel evidence-
based colchicine dose-reduction algorithm to predict and prevent colchicine
toxicity in the presence of cytochrome P450 3A4/P-glycoprotein inhibitors.
Arthritis Rheum 2011 Aug;63(8):2226e37.

[41] Dogruer D, Tug E, Bes C, Soy M. Lack of an effect of CYP3A4 and MDR1 gene
polymorphisms on colchicine pharmacogenetics in the treatment of Familial
Mediterranean fever. Genet Mol Res 2013 January 24th;12(3):3521e8.

[42] Wallace SL, Singer JZ, Duncan GJ, Wigley FM, Kuncl RW. Renal function pre-
dicts colchicine toxicity: guidelines for the prophylactic use of colchicine in
gout. J Rheumatol 1991;18:264e9.

[43] Ogu CC, Maxa JL. Drug interactions due to cytochrome P450. Proc (Bayl Univ
Med Cent) 2000;13(4):421e3.

[44] Srivalli KMR, Lakshmi PK, July. Overview of P-glycoprotein inhibitors: a
rational outlook. Br J Pharmaceut Sci 2012;48(3):353e67.

[45] Finklestein M, Goldman L, Grace ND, Foley M, Randall N. Granulocytopenia
complicating colchicine therapy for primary biliary cirrhosis. Gastroenter-
ology 1987;93:1231e5.

[46] Ashworth LE. Colchicine-induced thrombocytopenia: an example of a pre-
ventable Adverse drug reaction. Journal of pharmacy practice, 6 (1), v e vi),
liver disease (abbott CE, xu R, sigal SH. Colchicine-induced hepatotoxicity.
ACG Case Rep J 1993;4:e120. 2017.

[47] Fern�andez-Cuadros ME, Goizueta-San-Martin G, Varas-de-Dios B, et al. Colchi-
cine-Induced Rhabdomyolysis: Clinical, Biochemical, and Neurophysiological
Features and Review of the Literature. Clin Med Insights Arthritis Musculoske-
let Disord 2019;12. https://doi.org/10.1177/1179544119849883. 117954411
9849883. Published 2019 Jun 17.

[48] Terkeltaub RA, Furst DE, Digiacinto JL, Kook KA, Davis MW. Novel evidence-
based colchicine dose-reduction algorithm to predict and prevent colchicine
toxicity in the presence of cytochrome P450 3A4/P-glycoprotein inhibitors.
Arthritis Rheum 2011 Aug;63(8):2226e37.

[49] Terkeltaub RA, Furst DE, Bennett K, Kook KA, Crockett RS. Davis MW High
versus low dosing of oral colchicine for early acute gout flare: twenty-four-
hour outcome of the first multicenter, randomized, double-blind, placebo-
controlled, parallel-group, dose-comparison colchicine study. Terkeltaub RA,
Arthritis Rheum 2010 Apr;62(4):1060e8.

[50] Khanna D, Khanna PP, Fitzgerald JD, Singh MK, Bae S, Neogi T, Pillinger MH,
Merill J, Lee S, Prakash S, Kaldas M, Gogia M, Perez-Ruiz F, Taylor W,
Liot�e F, Choi H, Singh JA, Dalbeth N, Kaplan S, Niyyar V, Jones D, Yarows SA,
Roessler B, Kerr G, King C, Levy G, Furst DE, Edwards NL, Mandell B,
Schumacher HR, Robbins M, Wenger N, Terkeltaub R. American College of
Rheumatology guidelines for the management of gout. Part 2: therapy and
antiinflammatory prophylaxis of acute gouty arthritis. Am Coll Rheumatol
Arthritis Care Res (Hoboken). 2012;64(10):1447e56. 2012 Oct.

[51] Deftereos SG, Giannopoulos G, Vrachatis DA, et al. Effect of colchicine vs stan-
dard care on cardiac and inflammatory biomarkers and clinical outcomes in
patients hospitalized with coronavirus disease 2019: the GRECCO-19 random-
ized clinical trial. JAMA Netw Open 2020;3(6):e2013136.

[52] Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, Ruan L, Song B, et al. A trial of
lopinavir-ritonavir in adults hospitalized with severe Covid-19. N. Engl. J.
Med. 2020;382:1787e99.

[53] Touret F, de Lamballerie X. Of chloroquine and COVID-19. Antiviral Res
2020;177:104762. https://doi.org/10.1016/j.antiviral.2020.104762.

[54] Baden LR, Rubin EJ. Covid-19 - The Search for Effective Therapy. N Engl J Med
2020;382(19):1851e2. https://doi.org/10.1056/NEJMe2005477.

[55] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020;395:
497e506.

[56] Chen L, Liu HG, Liu W, Liu J, Liu K, Shang J. Analysis of clinical features of 29
patients with 2019 novel coronavirus pneumonia, vol. 43; 2020.

[57] Schrezenmeier E, D€orner T. Mechanisms of action of hydroxychloroquine and
chloroquine: implications for rheumatology. Nature reviews. Rheumatology
2020 Mar;16(3):155e66. https://doi.org/10.1038/s41584-020-0372-x.
Sandro Augusto Ribeiro*, Cassio Lopes
Hospital John Paul II, Intensive Medical Assistance, AMI, Porto Velho,

RO, Brazil

Ricardo Amaral
Ministry of Health, Montes Claros, MG, Brazil

Adilaine Amaral
Northern University of Paran�a, Porto Velho, Brazil

* Corresponding author. Intensive Medical Assistance - AMI, Av. Rio
de Janeiro, 4170, Porto Velho, Rondônia, 76820050, Brazil.
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