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NLRP3 Inflammasome in the Pathogenesis of
Dysmenorrhea and Role of Mefenamic Acid

as its Inhibitor

JAYAM KANNAN*, SUNITA CHANDRA', KAMINI RAO*, PRABHU KASTURE”

ABSTRACT

While the role of prostaglandin as a trigger in dysmenorrhea is well known, not many are aware that inflammation and
nucleotide-binding oligomerization domain-like receptor protein 3 (NLRP3) inflammasome are also implicated in primary
dysmenorrhea (PD). Inhibition of NLRP3 inflammasome and inflammation pathways is an important approach to treating
dysmenorrhea and also the symptoms of premenstrual syndrome. Mefenamic acid is an effective and selective inhibitor of
the NLRP3 inflammasome, which can be considered the most important option for PD treatment owing to its action via
various pathways. In this article, the authors have reviewed the role of inflammation and NLRP3 inflammasome in causing
PD, how inhibitors of NLRP3 inflammasome can treat dysmenorrhea and the mechanism of action of mefenamic acid as

NLRP3 inflammasome inhibitor and its role in PD.

Keywords: NLRP3 inflammasome, primary dysmenorrhea, inflammation, mefenamic acid

rimary dysmenorrhea (PD) is a common

gynecological problem among young women of

reproductive age group. It constitutes functional
dysmenorrhea without a specific gynecological patho-
logical origin and has a severe effect on all aspects of
the lives, work and study of female patients. Currently,
prostaglandin secretion is proposed to be the trigger
for PD.! It has also been reported that inflammation
has a potent effect on the pathological process of PD.
As a core part of inflammation, the nucleotide-binding
oligomerization domain-like receptor protein 3 (NLRP3)
inflammasome is involved in several acute and chronic
diseases including dysmenorrhea.?

In this article, the role of NLRP3 inflammasome in
causing primary dysmenorrheic pain and its inhibition

*Emeritus Professor, Tamil Nadu Dr. M.G.R. Medical University;

Consultant, Garbba Rakshambigai Fertility Centre; Chennai, Tamil Nadu

TChairperson and Director, Rajendra Nagar Hospital & IVF Centre and Morpheus Lucknow
Fertility Centre, Lucknow, Uttar Pradesh

*Chairman and Head, Dept. of Obstetrics and Gynecology, Asian Institute of Medical
Sciences, Faridabad, Haryana; Founder and Medical Director, Milann

Deputy Director, Medical Services and Pharmacovigilance, Blue Cross Laboratories
Pvt Ltd., Mumbai, Maharashtra

Address for correspondence

Dr Jayam Kanan

Emeritus Professor, Tamil Nadu Dr. M.G.R. Medical University;

Consultant, Garbba Rakshambigai Fertility Centre; Chennai, Tamil Nadu

E-mail: drjayamkannan@rediffmail.com

as a potential target for treating dysmenorrhea is
explored. Mefenamic acid is known to have the
NLRP3 inflammasome inhibitory action in addition to
its prostaglandin inhibitory action and this may help
further augment its anti-inflammatory action.

THE NLRP3 INFLAMMASOME

Excess of inflammation is known to worsen many
diseases and is often linked to the aberrant activation of
the NLRP3 inflammasome. NLRP3 is usually found in
cells of the innate immune system such as macrophages
where it responds to danger in the form of pathogen
or damage-associated molecular patterns (PAMPs or
DAMPs), respectively. In response to external unfavor-
able stimulus, NLRP3 interacts with an adaptor
protein leading to an activating platform for the
protease caspase-1. Caspase-1 cleaves pro-inflammatory
cytokine precursors pro-interleukin (IL)-18 and pro-
IL-1f into active forms secreted from the cell. It also
cleaves the pore-forming protein gasdermin D which

eventually forms membrane pores causing pyroptotic
cell death.?

MENSTRUATION AS AN INFLAMMATORY EVENT AND
NLRP3 INFLAMMASOME INVOLVEMENT

Menstruation is a self-inflammatory process leading to
the shedding of the functional layer of the endometrium
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Figure 1. Pathways involving NLRP3 inflammasome leading
to PD.

at the end of a nonconception cycle. Several significant
changes in endometrial function occur through the
entire menstrual cycle including spontaneous hormone-
mediated terminal differentiation of endometrial
stromal cells and decidualization. The shedding of these
cells is critical for the preparation of new conception
cycle. Hence, these decidualized cells play a key role
in detecting hormone withdrawal at the end of a
non-conception cycle, intervening local inflammation
within the endometrium.* Figure 1 shows the pathways
involvig NLRP3 inflammasome leading to PD.

Menstruation event is related to the activation of NF-«xB
(nuclear factor kappa-light-chain-enhancer of activated
B cells), local release of chemokines and cytokines and
inflammatory leukocyte influx. Systemically, chemokines
and cytokines fluctuate across the menstrual cycle.*

Ithasbeennoted that NLRP3 inflammasome components
immunolocalize to decidualized endometrial stromal
cells immediately before menstruation. In vitro model of
menstruation has also given evidence of the activation
of NLRP3 inflammasome.*

Besides, there is evidence suggesting that the NLRP3
inflammasome plays a regulatory role in the expression
of cyclooxygenase-2 (COX-2) via the NF-kB pathway.
Studies have shown that NLRP3 inflammasome can be
activated and expressed in PD.?
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In addition, serum C-reactive protein (CRP) is an
important marker of inflammation. With the resolution
of inflammation or tissue damage, the CRP concen-
tration reduces. It has been seen that IL-6 acts as the
primary inducer of CRP gene expression, with IL-1(3
further augmenting the effect.’

Prostaglandins are a major factor causing the increased
abnormal uterine activity. During menstruation,
prostaglandin F2a (PGF2a) and prostaglandin E2
(PGE2) stimulate prolonged uterine contractions that
reduce blood flow resulting in uterine ischemia.!
Additionally, prostaglandins also modulate various
steps of inflammation thereby coordinating the
entire process in both pro-inflammatory and anti-
inflammatory directions. PGE2 and its receptors
regulate the production of inflammatory cytokines such
as IL-1B, IL-6 and monocyte chemotactic protein-1.5

Prior to menstruation, endometrial tissue acquires the
features of inflammation, red and edematous. Endo-
metrial edema results from the high localized production
of chemokines IL-8, pro-inflammatory cytokines
such as IL-1, IL-6, tumor necrosis factor (TNF)-a and
leukocyte inflow. These pro-inflammatory cytokines are
responsible for upregulating inflammatory responses.
These mediators also trigger the synthesis or release
of prostaglandins causing excessive contraction of the
uterine muscle, which leads to ischemic pain of PD. It
has been reported that the level of IL-6 and TNF-a is
higher in the plasma of women with dysmenorrhea
compared to those without menstrual disorders.”

INHIBITOR OF THE NLRP3 INFLAMMASOME

As we have seen that inflammation underpins menstrual
disorders such as dysmenorrhea; thus, targeting infla-
mmatory pathways is a potential approach to ameliorate
or reduce menstrual associated pain and general
consequences of inflammation including the cluster of
symptoms referred to as ‘premenstrual syndrome’.

In animal model study, that a molecule inhibiting
NLRP3 activation led to a marked alleviation of the
pain and pathological damage in PD. It was seen
that the molecule inhibited the activation of NLRP3
inflammasome in uterine tissues of mice with PD and
also inhibited production of prostaglandin in uterine
tissues of mice with PD.2

MEFENAMIC ACID AS NRLP3 INFLAMMASOME
INHIBITORS AND ITS ROLE IN PD

Current evidence suggests that mefenamic acid, a
fenamate, is an effective and selective inhibitor of



the NLRP3 inflammasome by inhibiting the volume-
regulated anion channel, an action independent of
the COX inhibition.® Besides, the transient receptor
potential melastatin 2 (TRPM2) is a plasma membrane
cation channel through which the influx of extracellular
calcium occurs. Activation of TRPM2 channel increases
the activity of NLRP3 and IL secretions, aggravating
the inflammation and cytokine release. Mefenamic acid
inhibits the TRPM2 channels and reduces the calcium
influx, which in turn blocks the NLRP3 inflammasome.’

It is known that NLRP3 mediates IL-13 secretion
responsible for several inflammatory responses. The
NLRP3 inhibitory action of mefenamic acid thus
attenuates the pro-inflammatory cytokine (IL-1p) levels.’

The mainstay of treatment for dysmenorrhea, mefe-
namic acid offers complete relief of all the symptoms of
dysmenorrhea in patients by exhibiting its actions via
various pathways including COX-2 inhibition, bradykinin
antagonism, inhibition of uterine contractility triggered
by, prostaglandin-endoperoxide analogs, reduction
of the high uterine resting tone and the frequency of
contractions."'? With its additional activity in inhibiting
NLRP3, mefenamic acid is an ideal treatment in
conditions with dysregulated NLRP3 inflammasome
such as PD.

Mefenamic acid provides significant protection against
increased levels of TNF-a and IL-13. The use of
mefenamic acid has previously been shown to reduce the
CRP levels reflecting its significant anti-inflammatory
activity.

CONCLUSION

It is a well-established fact that menstruation is a self-
inflammatory process. Apart from prostaglandins
and other mediators like bradykinin, histamine and
acetylcholine, etc. NLRP3 activation leads to expression
of pro-inflammatory cytokines like IL-13, which
play prominent role in the underlying inflammatory
process in dysmenorrhea. The inhibition of NLRP3
will help in easing the excess inflammation in PD
and associated premenstrual symptoms. Mefenamic
acid is an effective and selective inhibitor of NLRP3
inflammasome that acts by blocking the volume-
regulated anion channel and TRPM2, a pathway
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acting independently of COX inhibition. By inhibiting
NLRP3 inflammasome, mefenamic acid minimizes
the formation of pro-inflammatory cytokine, IL-1(3
levels. Well-established safety and efficacy, and its
action through multiple pathways including COX
inhibition, bradykinin antagonism, inhibition of uterine
contractility, reduction of CRP levels and NLRP3
inhibition makes mefenamic acid an ideal option to
treat dysmenorrhea.
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