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Review Article

Nonsteroidal Anti-Inflammatory Drugs in Viral Infections
Disease, Specially COVID-19

Narges Chamkouri, Forouzan Absalan, Zahra Koolivand, Mahsa Yousefi
Medical Faculty, Abadan University of Medical Sciences, Abadan, Iran

During the current SARS-CoV-2 (COVID-19) pandemic, some reports were presented based on those nonsteroidal anti-inflammatory
drugs (NSAIDs) and corticosteroids may exacerbate symptoms in COVID-19 patients. According to this, we aimed to collate information
available in published articles to identify any evidence behind these statements with the aim of helping clinicians on how best to treat patients.
We could not find published conclusive evidence for or against the use of NSAIDs in COVID-19 patients. Meanwhile, there appeared to be
some evidence that corticosteroids may be beneficial if utilized in the early acute phase of infection, however, conflicting WHO (World Health
Organization) evidence surrounding corticosteroid use in certain viral infections means this evidence is not conclusive. Given the current
availability of literature, caution should be exercised until further evidence emerges surrounding the use of NSAIDs and corticosteroids in

COVID-19 patients. However, the availability of reliable information for clinicians and patients is paramount.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus was declared
as a main threat to global health in December 2019.1" The
WHO referred to this novel pneumonia-like disease in Wuhan,
China as COVID-19.7 The coronavirus is a type 3 virus and
its genetic sequence has a 70% similarity to the SARS virus.?!
After entering the body, the coronavirus binds to the beta
coronavirus receptor angiotensin-converting enzyme 2 (ACE2)
and invades healthy cells. It begins to multiply rapidly and
eventually kills its host cell. The continued proliferation of the
virus and the subsequent death of cells will lead to pneumonia,
dyspnea, and in more severe cases, acute respiratory distress
syndrome (ARDS).

The most common symptoms of COVID-19 include fatigue,
tiredness, muscle pain, dry cough, dyspnea or shortness of
breath, fever, and gastrointestinal problems. Nonsteroidal
anti-inflammatory drugs (NSAIDs) are a subset of a drug
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class that acts as a pain killer, antipyretic, anticoagulant, and
in higher doses act as an anti-inflammatory drug. Side effects
involve an increased chance of gastrointestinal ulcers and
bleeds, heart attack, and kidney disease.**

The idiomnonsteroidal recognized these drugs from
steroids, which while having a like eicosanoid-depressing,
anti-inflammatory activity, and many other effects. First used
in 1960, the term served to distinguish these medications
from steroids, which were especially brand at the time as the
overhead with anabolic steroid misuse.”?” NSAIDs by inhibiting
the activity of cyclooxygenase enzymes (COX-1 or COX-2)
that are involved in the synthesis of prostaglandins play their
main role in the inflammation process and blood clotting.

There are two types of NSAIDs accessible: nonselective
and COX-2 selective.!l Most NSAIDs are nonselective who
can obstruct the activity of both COX-1 and COX-2. These
NSAIDs, whereas reducing inflammation, also suppress
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platelet aggregation and increase the chance of gastrointestinal
ulcers/bleeds.®! COX-2 selective inhibitors have less
gastrointestinal side effects but advertise thrombosis and some
of these agents extensively increase the risk of a heart attack. As
aresult, assured older COX-2 selective inhibitors are no longer
used due to the high risk of undiagnosed vascular disease.®
These differential reactions are due to the different roles and
tissue localizations of each COX isoenzyme.”! By inhibiting
physiological COX activity, all NSAIDs increase the chance
of kidney disease and heart attack.”'”! In addition, NSAIDs
can block the creation of erythropoietin resulting in anemia,
since hemoglobin needs this hormone to be produced.

The largest prominent NSAIDs are aspirin, ibuprofen, and
naproxen, all available over the counter (OTC) in most
countries.['! Paracetamol (acetaminophen) is generally
not considered an NSAID because it has only minor
anti-inflammatory activity. Paracetamol treats pain mainly by
blocking COX-2 and inhibiting endocannabinoid reuptake
almost exclusively within the brain, but not much in the rest
of the body.['>!!

In COVID-19 patients with hypertension, using ACE1
inhibitors and angiotensin receptor blocker (ARB) reduces the
production of angiotensin IT (ANG II), thus lowering the levels
of inflammatory factors.>* Despite concerns regarding using
renin-angiotensin-aldosterone system in COVID-19 patients,
it is still considered in these patients for improving their
conditions.!#1¢]

Studies have shown that people with preexisting conditions
such as cardiovascular diseases, nephropathy, hypertension,
and diabetes are at a higher risk of more severe symptoms.”!
The mortality rate of COVID-19 is lower compared to SARS
or MERS.!" COVID-19 shares some symptoms with other 3
coronaviruses, such as Ebola (EVD). COVID-19 patients have
been shown to have a higher leukocyte count, more severe
respiratory problems, and higher levels of proinflammatory
cytokines.["

MarteriaLs AND METHODS

The present mini-review study has been written based on 61
articles available in popular databases including PubMed,
Google Scholar, Science Direct, and Scopus.

ResuLts

Inflammation is the body’s physiological response to tissue
damage caused by pathogenic infections, chemical irritation, and
other harmful agents. As inflammation progresses, various cells
are activated by a signaling network and attracted to the inflamed
tissue. This process involves many mediators, including growth
factors, cytokines, and chemokines. All the recruited cells at the
site of damage take part in the defense mechanism. However,
their persistence or prolonged recruitment in the tissue will lead
to further tissue damage and, consequently, to worsening the
inflammation regardless of its etiology.?*?!!
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Cyclooxygenase (COX) is one of the most important structural
enzymes in producing inflammatory mediators. So far, two
COX isoenzymes have been discovered: COX-1 and COX-2.
COX-1 is constantly involved in regulating homeostatic
functions of the gastrointestinal mucosa, renal function, and
accumulation of platelets. COX-2 is produced because of
inflammatory responses of mitogens and cytokines. COX-2 is
the main producer of prostanoids, which are lipid mediators
involved in vasodilation, increasing vascular permeability, and
leukocyte chemotaxis.?

COX-1 and COX-2 have fundamental yet contradictory
roles in the host immune response to influenza infection
that are possibly due to the inadequate production of
prostaglandins and leukotrienes because of infection.
Prostaglandins and leukotrienes cause the local secretion
of lipoxins, particularly Polymorphonuclear leukocyte
polymorphonuclear neutrophils (PMNs), which can interact
with leukocyte receptors. This process leads to inhibition of
PMN inflammation and improving PMN phagocytosis by
macrophages.?324!

Selective inhibition of COX-2 or COX-1/COX-2 decreases
the secretion and extraction of inflammatory cells of the
pleural membrane after 2 h but worsens the lung inflammation
in 48 h.»! COX inhibitors can affect the adaptive immune
response by inhibiting the expression of interleukin-4 (IL-4)
in T cells (CD4) and hinder the initial IFN-y production by
nonimmune cells, an effective strategy against viral infection."!

Inadequate inhibition of COX-1 results in an increased
inflammatory response and early release of proinflammatory
cytokines. In contrast, inadequate inhibition of COX-2 reduces
inflammation and proinflammatory cytokines which in turn
will reduce symptoms and improve survival even though
selective COX-2 inhibitors may have benefits for patients
with viral infections.’”? COX-2 plays an important role in
the pathogenesis and inflammatory response to the influenza
virus. The same is true in COVID-19 infection, which in its
more severe forms can cause a cytokine storm.!*”! Kirkby et al.
conducted a study on COX-deficient mice to examine the
role of prostanoids in regulating the inflammatory response
to bacterial and viral pathogen-associated molecular patterns.
The results indicated that eliminating the COX-2 gene in
Lipopolysaccharides LPS-treated mice considerably inhibits
IL and interferon responses. On the other hand, eliminating
the COX-1 gene did not affect the cytokine response to
LPS.® The tissue concentration of COX-2 protein is higher in
patients with viral infections.”?! A study by Carey et al. found
that eliminating COX-1 and COX-2 genes results in reduced
mortality in influenza-infected mice and worsens the infection,
respectively.’% However, many cases of Epstein—Barr
virus-associated malignancies have been observed in patients
with inflammation and regulated COX-2 levels, suggesting the
possible role of COX-2 in viral tumorigenesis.!

NSAIDs reduce the production of prostaglandin in the body
through inhibiting endoperoxide synthase enzymes, including
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COX.MINSAIDs are among the most widely used medicines for
treating pain and inflammation, including chronic inflammatory
disorders such as rheumatoid arthritis and osteoarthritis.*
NSAIDs may have side effects on cardiovascular, renal, and
digestive functions.’**4 These drugs are used by practically
96% of patients older than 65 years.s Great care should be
taken regarding the effects of these drugs on the human body
as there are limited controlled clinical trials on NSAIDs.
Although several studies have examined the protective effect
pf NSAIDs against viral infections, the role of inflammation
in regulating the proliferation and survival of the virus
remains unknown.?! The Medicines and Healthcare products
Regulatory Agency in England has changed the previous
recommendations regarding NSAIDs and stated that “there is
currently insufficient evidence to establish a link between use
NSAIDs, and susceptibility to contracting COVID-19 or the
worsening of its symptoms.”*¢37]

Pathological findings on pulmonary edema consider
the use of corticosteroids and ventilators in severely ill
COVID-19 patients to inhibit the progression of ARDS.B¥ Liu
et al. investigated the anti-inflammatory effects of NSAIDs
and inhibiting the COX-2 enzyme on the survival of patients
with influenza. There is also evidence on the adverse effects
of corticosteroids in COVID-19 patients.>”!

NSAIDs may increase the number of ACE2 receptors, allowing
the COVID-19 virus to infect cells faster and more easily,
thus exacerbating the symptoms of the disease. Ibuprofen (an
extremely common NSAID) is particularly likely to worsen the
infection in COVID-19 patients.[*” Drug interactions between
NSAIDs and aspirin, antidepressants, and other commonly
used drugs may lead to adverse drug reactions (ADRs). It
is therefore vital to carefully monitor the medication dosage
and the duration of treatment with NSAIDs.*!! A study by
Langhendries ef al. showed that repeated acetaminophen and
ibuprofen exposure in children may lead to an increase in
immune deviations.!?

They can also inhibit the action of IL-6, which is the main
inflammatory cytokine. One theory state that ibuprofen
may prevent immune-mediated cytokine storm in severely
ill patients with multiple organ failure.l**) Moreover,
NSAIDs (including ibuprofen) inhibit the TNF-induced
transcription of NFxB, contributing to reducing the secretion
of pro-inflammatory cytokines such as IL-8.1444]

Ibuprofen is a less potent anti-inflammatory compared to
steroids. Some influenza viruses can trigger potentially
fatal cytokine storms.[*”] They therefore may be used in
COVID-19 patients, provided that the “Five Rights” of
medication administration are observed: the right patient,
right drug, right time, right dose, and right route.[** In France,
health authorities have warned against using ibuprofen in
COVID-19 patients. This warning is mostly based on outdated,
unconfirmed reports, whose supporting theories are explained
further in the following. Ibuprofen increases ACE2, which is a
receptor for SARC-CoV-2 virus, thus increasing the entrance
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of the virus into the cells. The European Medicines Agency
has also cautioned against high-dose ibuprofen therapy.*’ One
animal study on streptozotocin-induced diabetic rats indicated
that ibuprofen helped decrease cardiac fibrosis.[**5%

A study was conducted on 12,808 patients tested for
SARC-CoV-2 in five hospitals in Massachusetts, USA. The
test results of 2271 patients came out positive; 707 patients
were hospitalized, and mechanical ventilators were used
for 213 patients. Overall, patients who had used ibuprofen,
naproxen, atenolol, or oseltamivir before testing had a lower
rate of hospitalization. Furthermore, exposure to ibuprofen
decreased the risk of ventilation. SARC-CoV-2 infection is
asymptomatic even in moderately severe cases; it may then
suddenly lead to (sometimes irreversible) pulmonary damage
and immune system reduction or suppression.’*!!

Although the use of paracetamol (acetaminophen) in
COVID-19 patients is also very common, it is not mentioned
in any of the studies on the use of ibuprofen. Ibuprofen may
be used in patients with a more severe infection and higher
fever, where paracetamol is not sufficiently effective. It is also
true for soft-tissue infections. No report has indicated a higher
risk of severe pneumonia in patients with long-term exposure
to ACE-2 boosting drugs, including ARBs, ANG - converting
enzyme inhibitors ACEIs, or NSAIDs.?

Excluding ibuprofen and solely using paracetamol to control
symptoms may expose patients to higher doses of paracetamol,
leading to a higher risk of hepatic damage. Currently, there
is no scientific evidence to confirm the role of ibuprofen
in increasing the severity of SARC-CoV-2 or COVID-19
infection."? In case of chloroquine, a rigorous scientific study
is required to examine the benefits and risks of using ibuprofen
for COVID-19. At this time, it is not possible to conduct a
prospective randomized study. Studying the databases and
medical records may help in understanding the effects of
chronic use of drugs, but it may not be helpful in examining
the use of OTC medications such as paracetamol or ibuprofen
for relieving the early symptoms in COVID-19 patients.>

Based on previous studies, the National Health Commission
of China recommended the use of ribavirin and interferon-o
for COVID-19 patients.* The use of other antivirals such as
protease inhibitors (PIs) in the treatment of hepatitis C and
HIV/AIDS has been examined. Remdesivir and chloroquine
have shown promising effects on COVID-19 infections in vitro.
Moreover, studies have shown the efficacy of these drugs on
various viruses and in people with a history of other illnesses.*

Studies by Elfiky have suggested that RNA synthesis inhibitors
ribavirin, remdesivir, and sofosbuvir could prevent the
proliferation of the virus and treat viral infections.?*!

A prospective observational study on 57 consecutive
patients infected with pneumonia showed that the possible
complications affected with prolonged prehospital use of
NSAIDs which lead to longer hospitalization duration and
more complicated pleural effusions.¥
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Capuano et al. investigated the protective effects of NSAIDs.
COX inhibition significantly increases nitric oxide levels,
thus reducing the replication of porcine sapovirus (the virus
responsible for severe acute gastroenteritis). Therefore,
NSAIDs may be recommended in the treatment of sapovirus
infection.>

Rinott et al. assess whether ibuprofen use in COVID-19 patients
was related with a crucial disease, compared with individuals
using paracetamol or no antipyretics. They monitored
any utilize of ibuprofen from a week before diagnosis of
COVID-19 across the disease in 403 patients. Primary results
were mortality and the respiratory support requirerment, as
well as oxygen administration and mechanical ventilation.
Compaired to exclusive paracetamol users, no differences were
observed in mortality rates or the need for respiratory support
amid patients using ibuprofen.©

The fundamental mechanism of NSAIDs is through blocking
prostaglandin synthesis from arachidonic acid, which has
turned into a harmful treatment agent.[**! However, Davis and
Robson state that NSAIDs have possible ADRs responsible
for almost 30% of hospital admissions for ADRs. These are
mainly due to gastrointestinal bleeding, myocardial infarction,
stroke, and renal damage.™

During the inflammation process, NSAIDs can modify the
adhesion, degranulation, phagocytosis, and production of
reactive oxygen species by PMNs. In general, NSAIDs
reduce the uptake of PMNs and refine their innate functions.
In addition, in acute pleural effusion models, treatment with
ibuprofen, indomethacin, and flurbiprofen led to a significant
decrease in secretion and migration of cytokines.[?!-57:3]

Protein kinase RNA-activated (PKR) has a fundamental role
in the antiviral mechanism of the host cell. PKR is activated at
the time of viral replication and phosphorylates the o subunit of
the translation initiation factor eIF2, thus suppressing protein
synthesis in infected cells. Indomethacin can activate PKR,
which in turn begins the phosphorylation of elF2 in infected
cell colonies to prevent cell replication.

In a study by Huo et al. (2011), it was indicated that HSN1
infected mice treated with the polymerase basic protein 2 PB2
oligonucleotides or in combination with anti-inflammatory
celecoxib have a significantly lower virus replication compared
to mice who have received no treatment. Furthermore, the
treatment group had significantly lower TNF-c: levels compared
to the control group. It can be stated that reducing inflammation
and disease symptoms is the only way to reduce viral load.
Moreover, combination therapy with PB2 oligonucleotides and
celecoxib is more effective than single use of each.[]

Studies have shown that the avian-origin influenza H7N9 virus
can be lethal in mice as it causes severe pulmonary damage
and upregulation of cytokines. However, a study by Zhao et al.
has indicated that the combination therapy with celecoxib and
zanamivir reduces pro-inflammatory cytokine activity and
pulmonary damage and improves survival rates in mice.®"

4

Discussion

Each medicine has its own benefits and risks which are
indicated in its product information, according to EU National
Treatment Guidelines, paracetamol as a first treatment choice
for fever or pain. Other NSAIDs (like ibuprofen) can be used
to reduce fever and treat pain or inflammation caused by
many diseases. In this mini-review, we found while initial
reports suggested that NSAIDs may worsen the course and
outcomes of COVID-19, the World Health Organisation and
Public Health England stated otherwise. Our results appear to
support the latter as there is insufficient evidence to support
an association of NSAID use and worsening of outcomes in
viral infections. The choice of drug to treat fever or pain in
COVID-19 should be based on a benefit-risk assessment for
known side effects (e.g., kidney damage and gastrointestinal
ulceration) and the respective treatment guidelines that in most
cases recommend paracetamol as the first treatment option for
fever or pain associated with infections.

ConcLusioN

Currently, there is no document that the acute use of NSAIDs
causes an increased risk of rising COVID-19 or of getting a
more cruel COVID-19 disease.

Acknowledgments
We highly appreciate Abadan School of Medical Sciences,
Abadan, Iran, for their sincere technical assistance.

Financial support and sponsorship

This research is part of medical student thesis for Mahsa
Yousefi and was supported by a grant (IR_ABADANUMS.
REC. 1399.181) from the research council of the Abadan
University of Medical Sciences in 2020.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1.  Rothan HA, Byrareddy SN. The epidemiology and pathogenesis
of coronavirus disease (COVID-19) outbreak. J Autoimmun
2020;109:102433.

2. Bedford J, Enria D, Giesecke J, Heymann DL, Ihekweazu C,
Kobinger G, et al. COVID-19: Towards controlling of a pandemic.
Lancet 2020;395:1015-8.

3. Hui DS, Azhar EI, Madani TA, Ntoumi F, Kock R, Dar O, et al. The
continuing 2019-nCoV epidemic threat of novel coronaviruses to
global health — The latest 2019 novel coronavirus outbreak in Wuhan,
China. Int J Infect Dis 2020;91:264-6.

4. McKeever A. Here’s what coronavirus does to the body. In: National
Geographic. United States. National Geographic Partners, LLC; 2020.
Available from: http://www.nationalgeographic.com/science. [Lat
accessed on 2021 Mar 25].

5. Jarcho JA, Ingelfinger JR, Hamel MB, D’Agostino RB Sr.,
Harrington DP. Inhibitors of the renin-angiotensin-aldosterone system
and COVID-19. Mass Med Soc 2020;382:2462-4.

6. Bally M, Dendukuri N, Rich B, Nadeau L, Helin-Salmivaara A,
Garbe E, et al. Risk of acute myocardial infarction with NSAIDs in
real world use: Bayesian meta-analysis of individual patient data. BMJ
2017;357:j1909.

Advanced Biomedical Research | 2023



[Downloaded free from http://www.advbiores.net on Tuesday, April 18, 2023, IP: 178.131.98.22]

10.

11.

12.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Chamkouri, ef al.: Anti-inflammatory drugs and COVID-19

Lanas A, Chan FK. Peptic ulcer disease. Lancet 2017;390:613-24.
Buer JK. Origins and impact of the term ‘NSAID’.
Inflammopharmacology 2014;22:263-7.

Day RO, Graham GG. The vascular effects of COX-2 selective
inhibitors. Aust Prescr 2004;27:142-5.

Brater DC, Harris C, Redfern JS, Gertz BJ. Renal effects of
COX-2-selective inhibitors. Am J Nephrol 2001;21:1-15.

Bleumink GS, Feenstra J, Sturkenboom MC, Stricker BH. Nonsteroidal
anti-inflammatory drugs and heart failure. Drugs 2003;63:525-34.
Warden SJ. Prophylactic use of NSAIDs by athletes: A risk/benefit
assessment. Phys Sportsmed 2010;38:132-8.

Hinz B, Cheremina O, Brune K. Acetaminophen (paracetamol) is a
selective cyclooxygenase-2 inhibitor in man. FASEB J 2008;22:383-90.
Ip A, Parikh K, Parrillo JE, Mathura S, Hansen E, Sawczuk IS, et al.
Hypertension and renin-angiotensin-aldosterone system inhibitors in
patients with COVID-19. MedRxiv 2020;382:1653-9.

Vaduganathan M, Vardeny O, Michel T, McMurray JJ, Pfeffer MA,
Solomon SD. Renin-angiotensin-aldosterone system inhibitors in
patients with COVID-19. N Engl J Med 2020;382:1653-9.

Page CP, Curtis MJ, Sutter M, Walker M, Hoffman B. Farmacologia
Integrada (in Spanish). Espana: Elsevier; 1998.

LuR,Zhao X, LiJ, NiuP, Yang B, Wu H, e al. Genomic characterisation
and epidemiology of 2019 novel coronavirus: Implications for virus
origins and receptor binding. Lancet 2020;395:565-74.

Lu H, Stratton CW, Tang YW. Outbreak of pneumonia of unknown
etiology in Wuhan, China: The mystery and the miracle. J Med Virol
2020;92:401-2.

Mocarski ES Jr. Virus self-improvement through inflammation: No
pain, no gain. Proc Natl Acad Sci U S A 2002;99:3362-4.

Julkunen I, Melén K, Nyqvist M, Pirhonen J, Sareneva T, Matikainen S.
Inflammatory responses in influenza A virus infection. Vaccine
2000;19 Suppl 1:S32-7.

Chaiamnuay S, Allison JJ, Curtis JR. Risks versus benefits of
cyclooxygenase-2-selective nonsteroidal antiinflammatory drugs. Am
J Health Syst Pharm 2006;63:1837-51.

Dauletbaev N, Lam J, Eklove D, Iskandar M, Lands LC. Ibuprofen
modulates NF-kB activity but not IL-8 production in cystic fibrosis
respiratory epithelial cells. Respiration 2010;79:234-2.

Rocca J, Manin S, Hulin A, Aissat A, Verbecq-Morlot W,
Pruliere-Escabasse V, et al. New use for an old drug: COX-independent
anti-inflammatory eftects of sulindac in models of cystic fibrosis. Br J
Pharm 2016;173:1728-41.

Gilroy DW, Colville-Nash PR, Willis D, Chivers J, Paul-Clark MJ,
Willoughby DA. Inducible cyclooxygenase may have anti-inflammatory
properties. Nat Med 1999;5:698-701.

Inaoka M, Kimishima M, Takahashi R, Shiohara T. Non-steroidal anti-
inflammatory drugs selectively inhibit cytokine production by NK
cells and yd T cells. Exp Dermatol 2006;15:981-90.

FitzGerald GA. Misguided drug advice for COVID-19. Science
2020;367:1434.

Fung SY, Yuen KS, Ye ZW, Chan CP, Jin DY. A tug-of-war between
severe acute respiratory syndrome coronavirus 2 and host antiviral
defence: Lessons from other pathogenic viruses. Emerg Microbes
Infect 2020;9:558-70.

Kirkby NS, Zaiss AK, Wright WR, Jiao J, Chan MV, Warner TD,
et al. Differential COX-2 induction by viral and bacterial PAMPs:
Consequences for cytokine and interferon responses and implications
for anti-viral COX-2 directed therapies. Biochem Biophys Res
Commun 2013;438:249-56.

Fitzgerald DW, Bezak K, Ocheretina O, Riviere C, Wright TC,
Milne GL, et al. The effect of HIV and HPV coinfection on cervical
COX-2 expression and systemic prostaglandin E2 levels. Cancer Prev
Res (Phila) 2012;5:34-40.

Carey MA, Bradbury JA, Seubert JM, Langenbach R, Zeldin DC,
Germolec DR. Contrasting effects of cyclooxygenase-1 (COX-1) and
COX-2 deficiency on the host response to influenza A viral infection.
J Immunol 2005;175:6878-84.

Capuano A, Scavone C, Racagni G, Scaglione F; Italian Society of
Pharmacology. NSAIDs in patients with viral infections, including
COVID-19: Victims or perpetrators? Pharmacol Res 2020;157:104849.

Advanced Biomedical Research| 2023

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al. Remdesivir
and chloroquine effectively inhibit the recently emerged novel
coronavirus (2019-nCoV) in vitro. Cell Res 2020;30:269-71.

Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma JP, et al. Clinical
characteristics of novel coronavirus cases in tertiary hospitals in Hubei
Province. Chin Med J (Engl) 2020;133:1025-31.

Chen N, Zhou M, Dong X, QuJ, Gong F, Han 'Y, et al. Epidemiological
and clinical characteristics of 99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: A descriptive study. Lancet
2020;395:507-13.

Davis A, Robson J. The dangers of NSAIDs: Look both ways. BrJ Gen
Pract 2016;66:172-3.

EuropeanMedicinesAgency. EMAgivesadviceontheuseofnon-steroidal
anti-inflammatories for COVID-19 [online]. 2020. Available: https://
www.ema.europa.eu/en/news/ema-gives-advice-use-non-steroidal
anti-inflammatories-covid-19. [Last accessed on 2020 Mar 24].
Torjesen I. COVID-19: Ibuprofen can be used for symptoms, says
UK agency, but reasons for change in advice are unclear. BMJ
2020;369:m1555.

Dowling C. Is there a benefit in using non-steroidal anti-inflammatory
drugs (ibuprofen, naproxen) in the prevention of cytokine storms in the
treatment against an individual who is infected with COVID-19. J Med
Adv Clin Case Rep 2020;177:4899-920.

Liu Q, Zhou YH, Yang ZQ. The cytokine storm of severe influenza
and development of immunomodulatory therapy. Cell Mol Immunol
2016;13:3-10.

Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor recognition by
the novel coronavirus from Wuhan: An analysis based on decade-long
structural studies of SARS coronavirus. J Virol 2020;94:¢00127-20.
Qiao W, Wang C, Chen B, Zhang F, Liu Y, Lu Q, et al. Ibuprofen
attenuates cardiac fibrosis in streptozotocin-induced diabetic rats.
Cardiology 2015;131:97-106.

Langhendries JP, Allegaert K, Van Den Anker JN, Veyckemans F,
Smets F. Possible effects of repeated exposure to ibuprofen and
acetaminophen on the intestinal immune response in young infants.
Med Hypotheses 2016;87:90-6.

Day M. COVID-19: European drugs agency to review safety of
ibuprofen. BMJ 2020;368:m1168.

Kaplan HB, Edelson HS, Korchak HM, Given WP, Abramson S,
Weissmann G. Effects of non-steroidal anti-inflammatory agents on
human neutrophil functions in vitro and in vivo. Biochem Pharmacol
1984;33:371-8.

Perianin A, Roch-Arveiller M, Giroud JP, Hakim J. In vivo interaction
of nonsteroidal anti-inflammatory drugs on the locomotion of
neutrophils elicited by acute non-specific inflammations in the
rat — Effect of indomethacin, ibuprofen and flurbiprofen. Biochem
Pharmacol 1984;33:2239-43.

Ghosh R, Alajbegovic A, Gomes AV. NSAIDs and cardiovascular
diseases: Role of reactive oxygen species. Oxid Med Cell Longev
2015;2015:536962.

D’Elia RV, Harrison K, Oyston PC, Lukaszewski RA, Clark GC.
Targeting the “cytokine storm” for therapeutic benefit. Clin Vaccine
Immunol 2013;20:319-27.

Hanson A, Haddad LM. Nursing Rights of Medication Administration.
StatPearls Publishing, Treasure Island (FL). Campbell University
School of Osteopathic Medicine. East Tennessee State University.
Copyright © 2022, StatPearls Publishing LLC.

Fang L, Karakiulakis G, Roth M. Antihypertensive drugs and risk of
COVID-19? — Authors’ reply. Lancet Respir Med 2020;8:e32-3.
Kelleni MT. ACElIs, ARBs, ibuprofen originally linked to
COVID-19: The other side of the mirror. Inflammopharmacology
2020;28:1477-80.

Castro VM, Ross RA, McBride SM, Perlis RH. Identifying common
pharmacotherapies associated with reduced COVID-19 morbidity
using electronic health records. MedRxiv 2020.

Moore N, Carleton B, Blin P, Bosco-Levy P, Droz C. Does ibuprofen
worsen COVID-19? Drug Saf 2020;43:611-4.

Elfiky AA. Anti-HCV, nucleotide inhibitors, repurposing against
COVID-19. Life Sci 2020;248:117477.

Kotsiou OS, Zarogiannis SG, Gourgoulianis KI. Prehospital NSAIDs



[Downloaded free from http://www.advbiores.net on Tuesday, April 18, 2023, IP: 178.131.98.22]

55.

56.

57.

Chamkouri, ef al.: Anti-inflammatory drugs and COVID-19

use prolong hospitalization in patients with pleuro-pulmonary
infection. Respir Med 2017;123:28-33.

Capuano A, Scaglione F, Berrino L, Del Re M, Bernardini R,
Chiamulera C, et al. Official statement of the section of clinical
pharmacology of italian society of pharmacology on non-steroidal
anti-inflammatory drugs (NSAIDs) and the increased risk of
complications during infections. Pharm Adv 2020;177:4899-920.

Xu T, Gao X, Wu Z, Selinger DW, Zhou Z. Indomethacin has a potent
antiviral activity against SARS CoV-2 in vitro and canine coronavirus
in vivo. BioRxiv 2020.

Rinott E, Kozer E, Shapira Y, Bar-Haim A, Youngster 1. Ibuprofen use
and clinical outcomes in COVID-19 patients. Clin Microbiol Infect
2020;26:1259.e5-7.

58.

59.

60.

61.

Emeka PM, Morsy MA, Alhaider A, Chohan MS. Protective effect
of caffeic acid phenethyl ester against acute and subchronic mice
cardiotoxicity induced by cyclophosphamide alone or plus naproxen.
Pharmacogn Mag 2020;16:585.

Kodidala SR, Sorout J, Jayachandra S, Narapogu V. Indomethacin &
SARS-CoV-2: Prospects for clinical management of the inflammatory
state. RUDN J Med 2021;25:25-30.

Huo C, Xiao J, Xiao K, Zou S, Wang M, Qi P, et al. Pre-treatment with
zirconia nanoparticles reduces inflammation induced by the pathogenic
H5N1 influenza virus. Int J Nanomedicine 2020;15:661-74.

Zhao D, Zhang S, Igawa T, Frishman W. Use of nonsteroidal
anti-inflammatory drugs for COVID-19 infection: Adjunct therapy?
Cardiol Rev 2020;28:303-7.

Advanced Biomedical Research | 2023



