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ABSTRACT

COVID-19 (coronavirus disease 2019) is a Pandemic of concern, caused by Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2). As of now, there is no known effective pharmaceutical or other medicine available
for cure or prevention of COVID-19. In this review, based on the current understanding of the disease and the
structure of novel Coronavirus SARS-CoV-2, SARS-CoV and other human viruses, is has been observed that
Mefenamic Acid, an anti-inflammatory medicine, of having some role as an anti-viral medicine also. It can be used
along with different anti-viral drugs being tried for the treatment of COVID-19. Since it is also an anti-pyretic, its
main role may be of bringing down the fever but its action as an anti-viral, as a supportive medicine can very
useful. Clinical trials with this concept in mind can be started immediately at the Centres dedicated for treatment
of COVID-19.
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Figure-1: Mefenamic acid in formulation [KANKUZ-MP].

IUPAC: 2-(2,3-dimethylphenyl)aminobenzoic  acid. aromatic ring is connected to the main aromatic
Formula: CisHisNO,, Molar mass: 241.290 g-mol™* carboxylic acid containing ring through a secondary
Chemically Mefenamic acid [CAS: 61-68-7] belongs to amine linkage. As the result of this structural feature, this
N-arylanthranilic acid (Fenamates) in which second
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class of NSAIDS appears to have lower risk of causing
Gl irritation.!*?

Use: Mefenamic acid is used to treat pain and
inflammation in rheumatoid arthritis and osteoarthritis,
postoperative pain, acute pain including muscle and back
pain, toothache and menstrual pain, as well as being
prescribed for menorrhagia. There is evidence that
supports the use of mefenamic acid for perimenstrual
migraine headache prophylaxis, with treatment starting
two days prior to the onset of flow or one day prior to the
expected onset of the headache and continuing for the
duration of menstruation. Mefenamic acid s
recommended to be taken with food.

Mechanism of action: Mefenamic acid is a non-selective
COX inhibitor. It inhibits Cyclooxygenase enzymes and
thus release of various inflammatory mediators such as
prostaglandins (PG), thromboxane (TXA2) etc are
blocked, and thus anti-inflammatory as well as analgesic
effects are produced.

Indications-Analgesic, dysmenorrhea, arthritis.
Side effects: Diarrhoea is the most important dose related
side effect. Epigastric distress. Gut bleeding. Skin rashes.

Therapeutic disadvantages
of selected NSAIDs*

Upper Gl disturbances
are common

-  Aspirin
Salicylate salts
No antipyretic Diflunisal % Less Gl irritation
effect X . I than aspirin
Acetic acids:
Indomethacin
Very potent; should be Sulindac
used only after less Tolmetin

toxic agents have
proven ineffective

. Ibuprofen
E‘IJ\I,.,S, rt\:l1|;:c1urbances are Fenoprofen Lower toxicity and better
Flurbiprofen acceptance in some
Ketoprofen patients. Naproxen is
Naproxen considered by some experts
Oxaprozin as one of the safest NSAIDs
Oxicams:
Piroxicam
Meloxicam
Fenamates:
Mefenamic acid
Potential for increasing Meclofenamic acid Less Gl irritation than
myocardial infarctions COX-2 inhibitors aspirin
and strokes
Celecoxib

Salicylates:

Propionic acids:

Dizziness, and other CNS related complications.
Haemolytic anaemia: rare but serious complication.*

Therapeutic advantages
of selected NSAIDs

Low cost; long
history of safety

Long half-life permits daily
or twice-daily dosing

Summary of nonsteroidal anti-inflammatory agents (NSAIDs). Gl = gastrointestinal; CNS = central nervous system;
COX-2 = cyclooxygenase-2. *As a group, with the exception of aspirin, these drugs may have the potential to increase risk

of myocardial infarction and stroke.
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Figure-2: NSAID & Pain mediators.

ACE?2 receptors: ACE2 is a protein found on the surface Correlation of ACE2 and Mefenamic acid: Mefenamic

of many cell types. It is an enzyme that generates small acid have no direct effect on ACE2 receptor, but it could
proteins — by cutting up the larger protein be beneficial in viral infection and have indirect effect on
angiotensinogen— that then go on to regulate functions in viral infection. Novel corona virus-induced NLRP3
the cell. ACE2 is present in many cell types and tissues Inflammasome activation: A potent Drug Target in
including the lungs, heart, blood vessels, kidneys, liver treatment of COVID-19. Novel corona virus encodes
and G.I tract. It is present in epithelial cells which line ion-channel proteins called viroporins. These viroporins,

certain tissues and create protective barriers. ACE2 via mechanisms such as lysosomal disruption and ion-
receptors and viral infection: ACE2 receptors plays redistribution in the intracellular environment, activate
important role in viral infections: Using the spike-like the innate immune signalling receptor NLRP3 (NOD-,
protein on its surface virus such as binds to ACE2-like a LRR-and pyrin domain- containing 3) inflammasome.
key being inserted into a lock. Which is prior to entry This leads to production of inflammatory cytokines such
and infection of cells. Hence, ACE2 that causes infection as interleukin IL-1R, IL-6, TNF etc. This causing tissue

in our body. inflammation during respiratory illness caused by CoV

infection. Due to this important role in triggering
Correlation of ACE2 receptor with viral infection and inflammatory response to infection, the NLRP3
Mefenamic acid. As we have seen, ACE2 receptors plays inflammasome appears to be potential drug target in
important role in viral infections and Acts as a cellular treatment of COVID -19, caused by virus - SARS-COV-
doorway-a receptor-for the virus to enter in human cells. 2.8
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Figure-3: TMPRSS2 action on ACE2.
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Inhibition of NLRP3 by Mefenamic acid. NSAIDs is a
group of anti-inflammatory drugs inhibiting the COX
enzymes in the synthesis PGs and other mediators and
widely used for the treatment of pain and inflammation.
Studies have shown that, unlike other NSAIDs,
Fenamates (Mefenamic acid) selectively inhibits NLRP3
Inflammasome and IL-1B release via inhibiting the
membrane volume-regulated anion (CI) channel,
independent of its COX-1 mediated anti- inflammatory
activity. Mefenamic acid and viral replication. In
agreement with these findings Mefenamic acid was
observed to have considerable activity against viral
replication, and combination of Ribavirin together with
Mefenamic acid was shown to be effective in reducing
viral yield in cells infected with a positive sense RNA
genome chikungunya virus."®!

What is TMPRSS2? Transmembrane serine protease 2
(TMPRSS2) is a cell surface protein primarily expressed
by endothelial cells across the respiratory and digestive
tracts. As a serine protease, it is involved in the cleaving
peptide bonds of proteins that have serine as the
nucleophilic amino acid within the active site. The exact
biological function of TMPRSS2 is largely unknown,
although research has shown that it is involved in certain
pathologies. TMPRSS2 is an endothelial cell surface
protein that is involved in the viral entry and spread of
corona viruses including severe acute respiratory
syndrome corona virus 2 (SARS-CoV-2) — the virus that
causes COVID-19. Thus, ACE2 is responsible for viral
entry in body & TMPRESS 2 is responsible for initiating
pathogenesis of virus in lungs as well as spread of virus
in other parts of body such as lungs, g.i.t etc. Blocking
TMPRSS2 could potentially be an effective clinical
therapy for COVID-19. Animal studies on TMPRSS2
blockers: Animal studies have shown that healthy wild-
type mice infected with SARS-CoV develop acute
pneumonia and exhibit body weight loss of up to 15%,

Strong
inhibition

Airway cell
TMPRSS2

though non die as a result and show recovery.
TMPRSS2-/- knockout mice infected with SARS-CoV
do not develop pneumonia or suffer any bodyweight loss
with much lower viral replication in the lungs of these
mice. Furthermore, wild-type mice have a strong
expression of antigen- positive cells in the bronchiolar
epithelial, but this expression was very weak in
TMPRSS2-/- mice. Also, TMPRSS2-/- mice showed
reduced inflammatory responses compared to wild-type
mice. Thus, TMPRSS2 is needed for coronavirus viral
replication in the lungs as. In conclusion, TMPRSS?2 is
an enzyme involved in the ‘priming’ of many viruses
including coronaviruses such as SARS-CoV-2, allowing
them to enter the body to cause disease (such as COVID-
19). Interactions between the spike-domain on viruses
and TMPRSS2 is critical for viral entry into epithelial
cells in the respiratory (and digestive) tract. Inhibition of
TMPRSS2 may serve to be an important therapy for
COVID-19. Use of Mefenamic acid COVID-19
treatment: Mefenamic acid inhibits TMPRSS2 and there
by inhibits virus entry and its replication studies show
that a combination of ribavirin together with mefenamic
acid was shown to be effective in reducing viral yield in
cells infected with a positive- sense RNA. It was
confirmed that Mefenamic acid, a primary compound in
the NSAID group, has potential antiviral activity in-vitro
and in-vivo, and this activity is better achieved when
delivered in combination with the common antiviral
drug, pathological signs were significantly reduced,
which was ascribed to a combination of the antiviral and
anti-inflammatory effects of mefenamic acid. It has been
observed that there is a crucial role of NLRP3
inflammasome activation in the pathogenesis of diseases
caused by SARS-CoVs, there is a role of inhibitors of the
NLRP3 inflammasome in the context of inflammatory
diseases and attention be drawn toward potential role of
these (and similar agents) inhibitors in the treatment of
SARS-CoV-2(COVID-19).[19
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Figure-4: Nafamostat action on SARS-CoV-2.
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Transmembrane protease, serine 2 is an enzyme that
in humans is encoded by the TMPRSS2 gene.
Function: This gene encodes a protein that belongs to
the serine protease family. The encoded protein contains
a type Il transmembrane domain, a receptor class A
domain, a scavenger receptor cysteine-rich domain and a
protease domain. Serine proteases are known to be
involved in many physiological and pathological
processes. This gene was demonstrated to be up-
regulated by androgenic hormones in prostate cancer
cells and down-regulated in androgen-independent
prostate cancer tissue. The protease domain of this
protein is thought to be cleaved and secreted into cell
media after autocleavage. The biological function of this
gene is unknown.*+*2

ERG gene fusion: TMPRSS2 protein's function in
prostate carcinogenesis relies on overexpression of ETS
transcription factors, such as ERG and ETV1, through
gene fusion. TMPRSS2-ERG fusion gene is the most
frequent, present in 40% - 80% of prostate cancers in
humans. ERG  overexpression  contributes  to
development of androgen-independence in prostate
cancer through disruption of androgen receptor
signalling.  Relation to  coronaviruses:  Some

coronaviruses, e.g. SARS-CoV-1, MERS-CoV, and
SARS-CoV-2 are activated by TMPRSS2 and can thus
be inhibited by TMPRSS2 inhibitors. "SARS-CoV-2
uses the SARS-CoV receptor ACE2 for entry and the
serine protease TMPRSS2 for S protein priming. A
TMPRSS2 inhibitor approved for clinical use blocked
entry and might constitute a treatment option." One
experimental candidate as a TMPRSS2 inhibitor for
potential use against both influenza and coronavirus
infections in general, including those prior to the advent
of COVID-19, is the OTC (in most countries) mucolytic
cough medicine bromhexine, which is also being
investigated as a possible treatment for COVID-19 itself
as well.[*#24

Certain viruses, especially corona viruses require
TMPRSS2 for their entry into the body. Recent studies
have shown that corona require ACE2 (the main
receptor) as well as TMPRSS2 for entry into epithelial
cells. Both ACE2 and TMPRSS2 are expressed in nasal,
bronchial, and gastrointestinal epithelium. TMPRSS2
activates; or primes, the spike protein domain (a key
glycoprotein found on corona viruses) which leads to the
virus fusing to the respiratory epithelia on the cell
surface through binding to ACE2.1***¢!
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Figure-5: NLRP3 inflammasome activation.

CONCLUSION

These studies show that a combination of ribavirin
together with mefenamic acid was shown to be effective
in reducing viral yield in cells infected with a positive-
sense RNA genome chikungunya virus. It was confirmed

that Mefenamic acid, a primary compound in the NSAID
group, has potential antiviral activity in vitro and in vivo,
and this activity is better achieved when delivered in
combination with the common antiviral drug, RIBA.8
Pathological signs were significantly reduced, which was
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ascribed to a combination of the antiviral and anti-
inflammatory effects of mefenamic acid. It has been
observed that there is a crucial role of NLRP3
inflammasome activation in the pathogenesis of diseases
caused by SARS-CoVs, there is a role of inhibitors of the
NLRP3 inflammasome in the context of inflammatory
diseases and attention be drawn toward potential role of
these (and similar agents) inhibitors in the treatment of
SARS-CoV-2 (COVID-19). Considering the clinical use
of several NLRP3 inhibitor drugs for the treatment of
other inflammatory diseases, further studies may
determine potential usefulness of these agents in the
treatment of COVID-19.9 The inhibition of protease
inhibition has found to be an important part of treatment
in the studies conducted using Camostat. The formation
of M28 was found to be inhibited by mefenamic acid. It
is thus possible for it to be a protease inhibitor Studies
have reported the anti-viral activity of mefenamic acid
and doxycycline. The inhibitory effect of mefenamic
acid against RNA viruses has been estimated as 90% at a
concentration of 30 uM.27 The synergistic antiviral
effects of drug combinations are desirable, other
pharmacodynamic consequences must be studied in
detail before further clinical trials. Mefenamic acid can
be used as an anti-antipyretic in patients of COVID19
with an additional benefit of it being also having the
possibility of an anti-viral activity. Studies are required
to validate this opinion so as to repurpose the use of
Mefenamic acid in viral infections, such as of SARS-
CoV-2.

REFERENCES

1. Yap JKY, Moriyama M, lwasaki A. Inflammasome
and pyroptosis as therapeutic targets for COVID-19.
J Immunol, 2020; 205(2): 307-12.

2. Tay MZ, Poh CM, Renia L, MacAry PA, Ng LFP.
The trinity of COVID-19: immunity, inflammation,
and intervention. Nat Rev Immunol, 2020; 20(6):
363-74.

3. Acute use of non-steroidal anti-inflammatory drugs
for people with or at risk of COVID-19. April 2020.
NHS. Available at:
https://www.nice.org.uk/advice/es23/evidence/evide
nce-review-pdf-8717218669. Accessed on
December, 2020.

4. Pareek RP. Use of mefenamic acid as a supportive
treatment of COVID-19: A repurposing drug. Int J
Sci Res, 2020; 9(6): 69-73.

5. Wang L. C-reactive protein levels in the early stage
of COVID-19. Med Mal Infect, 2020; 50(4): 332-4.

6. Ballou SP, Kushner I. C-reactive protein, and the
acute phase response. Adv Intern Med, 1992; 37:
313-36.

7. Young B, Gleeson M, Cripps AW. C-reactive
protein: a critical review. Pathology, 1991; 23(2):
118-24.

8. Sproston NR, Ashworth JJ. Role of C-reactive
protein at sites of inflammation and infection. Front
Immunol, 2018; 9: 754.

10.

11.

12.

13.

14.

15.

16.

Wang Z, Wang Y, Vilekar P, Yang SP, Gupta M,
Oh MI, et al. Small molecule therapeutics for
COVID-19: repurposing of inhaled furosemide. Peer
J, 2020; 8: 9533.

Shah CA. Can roflumilast become steroid-sparing
alternative in the treatment of COVID-19? Med
Hypotheses, 2020; 144: 110246.

Chowdhury AT, Shahbaz M, Karim R, Islam J, Guo
D, He S. A randomized trial of ivermectin-
doxycycline and hydroxychloroquine-azithromycin
therapy on COVID-19 patients.Doi:
10.21203/rs.3.rs-38896/v1

Ahmed S, Karim MM, Ross AG, Hossain MS,
Clemens JD, Sumiya MK, et al. A five-day course of
ivermectin for the treatment of COVID-19 may
reduce the duration of illness. Int J Infect Dis, 2020;
103: 214-6.

Sestili P, Fimognari C. Paracetamol-induced
glutathione consumption: Is there a link with severe
COVID-19 illness? Front Pharmacol, 2020; 11:
579944,

Armagan G, Turunc E, Kanit L, Yalcin A.
Neuroprotection by mefenamic acid against D-
serine:  involvement of  oxidative  stress,
inflammation, and apoptosis. Free Radic Res, 2012;
46(6): 726-39.

Hosseinimehr SJ, Nobakht R, Ghasemi A,
Pourfallah TA. Radioprotective effect of mefenamic
acid against radiation-induced genotoxicity in
human lymphocytes. Radiat Oncol J, 2015; 33(3):
256-60.

Pergolizzi JV Jr, Varrassi G, Magnusson P,
LeQuang JA, Paladini A, Taylor R, et al. COVID-19
and NSAIDS: A narrative review of knowns and
unknowns. Pain Ther, 2020; 9(2): 353-8.

WWW.wjpmr.com Vol 7, Issue 5, 2021.

ISO 9001:2015 Certified Journal | 321




