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Role of Prostaglandins in Pathogenesis of
Dysmenorrhea and Place of Mefenamic Acid
and Dicyclomine in its Management

KAMINI A RAO*, SUNITA CHANDRA', PRABHU N KASTURE*

ABSTRACT

Despite being one of the most common gynecological issues faced by women of reproductive age, dysmenorrhea largely
remains an ignored, underdiagnosed and untreated condition. It continues to be a public health issue and has a significant
impact on the quality of life of the affected women in terms of inability to lead routine activities, absenteeism from academic
activities or work and reduced social activities. Currently, existing evidence correlates and implicates the excessive synthesis
of prostaglandins with the menstrual pain. Hence, treatment approaches that can inhibit prostaglandins' production or
already formed prostaglandins can provide relief in dysmenorrhea. In this review, the impact of dysmenorrhea on the quality
of life of women, the role of prostaglandins in the pathogenesis of dysmenorrhea, and how nonsteroidal anti-inflammatory
drugs (NSAIDs) like mefenamic acid can be safe and effective in managing dysmenorrhea are discussed.
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ysmenorrhea is one of the most common

gynecological issues faced by women of child-

bearing age. It is classified as either primary
dysmenorrhea, which does not involve a related organic
disease, or secondary dysmenorrhea, which is related
to attributable causes, such as endometriosis. The pain
associated is described as lower abdominal pain of
cramping nature, spreading to the thighs or lower spine,
ranging from mild-moderate-severe intensity during
the menstruation cycle. The pain in the lower abdomen
may also be accompanied by vomiting, headache, back
pain, diarrhea and fatigue.!

The global prevalence of primary dysmenorrhea ranges
from 45% to 95% in women of reproductive age, while
almost 2% to 29% experience severe pain.? In a study
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conducted among 550 female students in six universities,
the prevalence of primary dysmenorrhea was 80.9%.2
Studies from India have reported the prevalence range
from 50% to 87.8%.3

THE IMPACT OF DYSMENORRHEA ON QUALITY OF LIFE

A study recently published in 2021 has reported that
dysmenorrhea leaves a significant adverse effect on
almost half of the dysmenorrheic females included in
the study. The study participants reported that they
experience a disruption of their daily activities and
studying abilities. It has been reported that primary
dysmenorrhea has a considerable impact on health-
related quality of life, daily activities, work productivity
and academic performance. Other significant adverse
effects reported among the study participants were
reduced engagement in social activities, limited
activities, missing classes and poor concentration.?
Primary dysmenorrhea without any obvious pathology
occurs in almost 50% of menstruating females and
causes significant disruption in quality of life and
absenteeism from work or school.*

In earlier studies, it has already been suggested
that approximately 52% of post-pubescent females
suffer from dysmenorrhea; about 10% of these are
incapacitated for 1 to 3 days every month. In fact, it
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was cited to be the largest single cause of lost working
hours and school days among young women, with in
excess of 140 million working hours estimated to be lost
annually.’ In another study conducted in 2004 in Canada,
it was reported that among the study participants, 60%
experienced dysmenorrhea with moderate-to-severe
pain. Fifty-one percent reported restriction of activities,
while 17% absenteeism.®

A survey-based study has also shown menstrual-
related presenteeism to be widespread in the general
female population. In fact, the annual productivity
loss due to presenteeism is almost seven times more
than the annual productivity loss due to absenteeism.
This burden was most pronounced in women under
21 years of age. While absenteeism refers to time away
from work or school, presenteeism is defined as loss of
productivity while being present at work or school.”

Additionally, the psychological aspect of pain related to
dysmenorrhea influences the reactive component of pain.
The anticipation of severe dysmenorrhea each month
in itself is a cause for lot of stress and unproductivity
in women. It is reported that dysmenorrhea is more
common in working women or those who have higher
stress levels.®

Dysmenorrhea: An Untreated Condition?

Despite being one of the most common and recurring
gynecological conditions, dysmenorrhea is usually
underdiagnosed, and undertreated.”!? Besides, dysmeno-
rrheic females do not get sufficient information about
the condition, leaving it an inadequately addressed
medical problem.2 More often than not, women do not
seek medical treatment for dysmenorrhea because they
assume symptoms to be normal or tolerable, prefer to
self-manage, have limited access to healthcare, they
think healthcare providers would not offer help, they
are unaware of treatment options, wary of available
treatments, feel embarrassed or afraid to seek care, or
they rarely take care of any medical ailment, irrespective
of dysmenorrhea.® Sometimes, women undervalue the
condition themselves, considering it part of the menstrual
cycle, ignoring its implications on quality of life, and
hence do not seek treatment for dysmenorrhea.!! The
high prevalence of primary dysmenorrhea indicates
that it is a very common public health issue and should
be addressed immediately. Primary dysmenorrhea is
a common, neglected and undertreated gynecological
disorder characterized by menstrual pain related to
severe physical and psychological symptoms that
impair regular daily activities.
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Along with the lower abdominal or pelvic pain, it is
also associated with other physical (menstrual migraine,
lethargy, fatigue, sleepiness or sleeplessness, heaviness
in the lower abdomen, nausea, vomiting, backache, pain
in knee, muscle/joint/inner thighs) and psychological
symptoms (anxiety, depression, irritability).> Hence, it
has a wide range of symptoms typically lasting for 9 to
72 hours, severely disrupting a woman’s quality of life.
The plethora of recurring symptoms experienced by
women makes dysmenorrhea a serious issue impacting
the quality of life in women warranting immediate
medical attention.

PATHOPHYSIOLOGY OF DYSMENORRHEA

In the case of primary dysmenorrhea, pain is caused
due to excessive, pathological uterine contractions
and is marked by the absence of palpable lesions
within the lesser pelvis.! Dysmenorrhea is driven by a
complex interplay of various pathogenetic mechanisms
including behavioral and psychologic factors and thus
is multifactorial ®

On the biochemical level, prostaglandins are a major
factor causing the increased abnormal uterine activity.
Because of the uterine muscle hypercontractility, the
blood flow gets compromised leading to ischemia.
Thus, the pain is thought to be due to these below 3
factors as: (i) increased abnormal uterine activity, (ii)
uterine ischemia and (iii) sensitization of the nerve
terminals by prostaglandins which lower the threshold
of these nerves to the action of chemical and physical
stimuli. Estrogen and progesterone stimulate the
uterus to increase endometrial release of arachidonic
acid, through lysosomal labialization and release of
phospholipase A2, which in turn acts on the bilipid
cell membranes to generate arachidonic acid (Fig. 1).
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Figure 1. Release of arachidonic acid from lysosomes via
phospholipids.

(Image adapted from Smith RP. The role of prostaglandinsin dysmenorrhea and menorrhagia.
In: Dysmenorrhea and Menorrhagia. 2018. Springer, Cham.)



During menstruation, prostaglandin F2a (PGF2a) and
prostaglandin E2 (PGE2) induce prolonged uterine
contractions that reduce blood flow resulting in uterine
ischemia. Further contraction of bowel and vascular
smooth muscle by PGF2a and PGE2 lead to nausea,
vomiting and diarrhea.!? On the other hand, secondary
dysmenorrhea usually results from specific pelvic
pathology.'®

Role of Prostaglandin in Dysmenorrhea

The uterine activity induced by the excess prosta-
glandins in patients with primary dysmenorrhea can
be very prominent. The normal resting pressure in
the uterus is in the range of 5 to 15 mmHg. During
normal menstruation, the uterine pressure increases
up to 50 to 80 mmHg and helps in expulsion of blood
and shed endometrial tissues. However, in women
with dysmenorrhea, the uterine pressure peaks over
400 mmHg.!4

The increased formation and secretion of uterine
prostaglandins during menstruation increases abnormal
uterine activity leading to uterine hypoxia and pain.

Prostaglandins such as PGE2 and cyclic endoperoxides
hypersensitize pain fibers in the pelvis and uterus to
the action of pain-inducing substances or factors.®
Advances during the last three decades and recent
evidence suggests that increased secretion of PGF2a
and PGE2 in the endometrium are the important
mediators and are involved in increasing the
myometrial contractions leading to ischemia and also
sensitization of pain fibers to mechanical and physical
stimuli? PGF2a in dysmenorrhea causes uterine
vasoconstriction and contraction of the myometrium,
whilst PGE2 causes inflammation and contraction of
the myometrium.!!

The role of prostaglandin is supported by the fact that
there is a similarity between symptoms of primary
dysmenorrhea and prostaglandin-induced uterine
contractility in labor or abortion; and an increased level
of prostaglandin in the menstrual fluid of women with
primary dysmenorrhea.!! Studies have also reported
a significant difference in the mean levels of PGF2
between the moderate primary dysmenorrhea group
and the severe primary dysmenorrhea group. It has
been demonstrated that the PGF2a level was higher
in the severe primary dysmenorrhea patient group
than the moderate primary dysmenorrhea group with
a significant relationship between the level of PGF2a
and the intensity of pain in primary dysmenorrhea
(p = 0.000).1>
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It has been observed that during normal ovulatory
menstruation, both PGE2 and PGF2a have low levels
in the proliferative phase, slightly increase during the
early luteal phase and then increases to fourfold in
the late luteal phase and sixfold during the menstrual
phase.®

The current evidence suggests that women with
primary dysmenorrhea have 2 to 7 times higher PGF2a
than in women without primary dysmenorrhea.l”
Prostaglandins are formed through arachidonic acid,
which is present in cell membrane phospholipids.
Its production is triggered via the cyclic adenosine
monophosphate (cAMP) pathway by adrenaline,
peptide and steroid hormones, mechanical stimuli and
tissue trauma (Fig. 2).!8 Figure 2 shows the pathway
producing pain in dysmenorrhea.

It has been established that the increased formation of
arachidonic acid, intracellular destruction and tissue
trauma during menstruation is responsible for enhancing
prostaglandin production.!'"® With an increasing prosta-
glandin concentration, the severity of menstrual pain and
associated symptoms also increases.!8

Other Mediators in Dysmenorrhea

We have seen dysmenorrhea is considered to be an
inflammatory event primarily driven by prostaglandin,
however, there are several other concerning factors
involved in dysmenorrhea.

While arguable, vasopressin may be involved in
producing dysrhythmic uterine contractions, causing
reduced uterine flow, hypoxia and eventually pain.
A study has also linked nitric oxide to the uterine
quiescence during pregnancy.!81?

Experimental studies have revealed high uterine
histamine levels, mediated by estradiol, and greater
uterine contractility and this may be an indication
of myometrial histamine receptors (uterine HI1
receptors).? Besides, in some women, a reduction of
diamine oxidase levels is also reported and a resultant
severe effect of histamine at the beginning of the
menstruation, further corroborating the hypothesis
that histamine is one of the significant factors causing
dysmenorrhea.?’

A study conducted among dysmenorrheic patients
revealed a significant association between dysmenorrhea
and increased mast cells in the uterine cervix. The release
of mast cell mediators such as histamine, prostaglandin
and serotonin in the uterine myometrium evokes strong
contractions.?!
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Figure 2. Prostaglandin synthesis in dysmenorrhea.

Preclinical studies have also shown that bradykinin
induces uterine smooth muscle contractions via
activating phospholipase C.22%* The pain in the pelvis
results from an increased uterine activity, uterine
ischemia and hypersensitization of pain fibers by the
action of bradykinin and other physical stimulus.?* It
has also been shown that the response to bradykinin is
dependent on the presence of prostaglandins, especially
PGE2. It has been suggested that bradykinin has a
self-sensitizing action and stimulates the release of
PGE2.% In addition, we know that cholinergic nerves
form moderately dense plexuses in the myometrium,
cervical smooth muscles and microarterial system
of the uterine horns and cervix. Acetylcholine also
stimulates contraction of the myometrium?® suggesting
its role in the pathogenesis of dysmenorrhea by
inducing contractions in the uterus.?”’ Inflammatory
cytokines also undergo changes in concentration during
menstruation including tumor necrosis factor (TNF)-a,
interleukin (IL)-6 which are higher in dysmenorrheic
women compared to healthy women.!
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TREATMENT OF DYSMENORRHEA

Approach to Management

The approach to managing dysmenorrhea includes
nonpharmacological, pharmacological and surgical
options. Nonpharmacological approaches to treat
dysmenorrhea include lifestyle changes such as
proper diet, exercise, smoking cessation, low alcohol
consumption and use of topical heat or transcutaneous
electrical nerve stimulation (TENS) to provide relief from
pain and discomfort. Nonsteroidal anti-inflammatory
drugs (NSAIDs) are the best-established initial therapy
for dysmenorrhea,?® and they have a direct analgesic
effect through inhibition of prostaglandin synthesis,
and they decrease the volume of menstrual flow.

Combined oral contraceptive is the second line of
treatment, and works by decreasing menstrual volume
and prostaglandin secretion, with a resultant decrease
in intrauterine pressure and uterine contractility.!!
In rare cases, a surgical approach may be needed for
women with severe and refractory dysmenorrhea.?’



NSAIDs in the Treatment of Dysmenorrhea

An effective treatment of primary dysmenorrhea targets
all the components of the pain causing pathways, along
with focusing on suppression of uterine contraction.?
Pharmacological agents that inhibit cyclooxygenase
(COX) lead to reduced prostaglandin synthesis, and
its concentration in menstrual fluid decreases uterine
contractility and menstrual volume.*

The cramps experienced during menstruation and
the intensity of pain are correlated to the high
concentration of PGF2a and PGE2 in the endometrium,
making NSAIDs the cornerstone in the management of
dysmenorrhea.? The understanding of the pathogenesis
of pain in primary dysmenorrhea (as explained in the
previous section) provides the rationale for the use of
NSAIDs for the relief of primary dysmenorrhea instead
of a pharmacotherapeutic agent which only acts to
block uterine contractions.?

NSAIDs are used as the first-line therapy in the
treatment of dysmenorrhea.®® They act by inhibiting
prostaglandin production through the blockade of
COX activity. The common painkiller NSAIDs used
in dysmenorrhea include aspirin, naproxen, ibuprofen
and mefenamic acid.3! Clinical evidence has shown
that most NSAIDs are more potent than paracetamol
in managing primary dysmenorrhea. It has also been
shown that NSAIDS are two times more effective
than paracetamol for pain relief.? Out of these agents,
only mefenamic acid has dual action of inhibiting
prostaglandin synthesis and blocking of EP receptors,
which makes it unique and more effective for treating
patients with dysmenorrhea.3! The ability of mefenamic
acid to inhibit pre-existing prostaglandin causes a faster
onset of uterine relaxation providing better pain relief.!®

Mefenamic acid in Dysmenorrhea

Mefenamic acid is commonly used NSAID for the
treatment of dysmenorrhea and is widely available
across several regulated markets viz. European
countries, USA, Canada, Australia, New Zealand, Japan,
Hong Kong, India, Malaysia, Thailand and Singapore.
Given in a usual oral dose of 500 mg thrice daily, it is
one of the most highly prescribed medicines across the
globe.??

Several studies provide the evidence of mefenamic
acid providing adequate pain relief and also reducing
the volume of blood loss in dysmenorrheic women
associated with menorrhagia.?>!

Several studies have shown superior efficacy of
mefenamic acid in reliving the pain in dysmenorrhea
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over placebo and other NSAIDs like ibuprofen, naproxen,
indomethacin, combination of dextropropoxyphene and
paracetamol.3>-35

Mefenamic acid also acts as a bradykinin antagonist, and
hence may have an extended pathway of pain relief.3
It can also inhibit the increased uterine contractility
stimulated by prostaglandin-endoperoxide analogs.?
Mefenamic acid also reduces the high uterine resting
pressure or tone, and the frequency of contractions.®®
Furthermore, it has been seen that mefenamic acid
reduces the mean menstrual blood loss by 40%. It
acts via an improvement of platelet aggregation and
degranulation and through increased vasoconstriction.
This is a desirable benefit of mefenamic acid.’” This
reduction in menstrual blood loss was also seen to sustain
at 6 to 9 months and at 12 to 15 months in women with
menorrhagia treated with mefenamic acid during all
menstrual periods for over a year. Significant sustained
decrease in blood loss were observed in women with
menorrhagia due to ovulatory dysfunctional bleeding
and in those who had undergone tubal sterilization.?

In patients with dysmenorrhea, paracetamol does not
work effectively as it cannot eliminate the cause of
pain in dysmenorrhea, particularly, the presence of
excess prostaglandins in the endometrium. A study
has revealed that paracetamol was not better than a
placebo in relieving primary dysmenorrhea. Usually,
the paracetamol dose available for pain relief is 500 mg
which is not effective as an analgesic for acute, mild-to-
moderate pain. However, high-dose immediate-release
paracetamol (1,000 mg), has analgesic action than lower
doses for adults with mild-to-moderate acute pain.
However, those suffering from pain want to achieve
either a substantial reduction in their pain intensity or
to achieve a low pain state, which may not be possible
with suboptimal doses of paracetamol available in most
marketed paracetamol preparations for pain relief.%

Combination Treatment

Women with primary dysmenorrhea experience four
different uterine contraction-related abnormalities
including increased uterine resting tone, increased
active pressure, increased number of contractions and
dysrhythmic uterine activity.®

Studies have also shown that the combined admi-
nistration of NSAIDs and antispasmodics is beneficial
in treatment of dysmenorrhea. Given the mechanism
of prostaglandin-mediated pain, NSAIDs that inhibit
COX pathway may be the ideal therapeutic path.
However, owing to the more complex physiology of
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Table 1. Different Spasmolytic Agents Used in Dysmenorrhea

Drug Mechanism of action Combination with mefenamic acid

Dicyclomine  Relieves smooth muscle spasm via dual mechanism. A specific ~ Symptomatic relief from menstrual pain and cramps.
anticholinergic effect at the acetylcholine receptor site and a It is also used to treat abdominal pain by relieving
direct smooth muscle antagonism of bradykinin- and histamine-  spasms ofthe muscles inthe stomach and intestines.*?
induced spasms.

Drotaverine  Directspasmolyticaction, selective inhibitor of phosphodiesterase-4  Antispasmodic agent with noncholinergic action.*?
(PDE-4).
Does not have anticholinergic effects.

Camylofin Both anticholinergic action as well as direct smooth muscle  Painrelief, butresults were not statistically significant

action; PDE-4 inhibitor.

dysmenorrhea, use of spasmolytic agents acting on the
uterine muscle contraction becomes imperative.*’

Studies have demonstrated the synergistic activity of
mefenamic acid with dicyclomine in dysmenorrhea
patients.*! The combination emerged as a highly effective
and well-tolerated option for treating spasmodic
dysmenorrhea and also for additional concomitant
benefits in menorrhagia. Mefenamic acid relieves
primary dysmenorrhea mainly by inhibiting endometrial
prostaglandin formation, restoring normal uterine
activity.*> An observational study reported that a fixed-
dose combination of mefenamic acid and dicyclomine
was effective in restoring the functional ability of the
patients with dysmenorrhea.** Dicyclomine has a dual
action of inhibiting muscarinic action of acetylcholine
of postganglionic parasympathetic effector regions and
antispasmodic action via its direct action on the uterine
smooth muscles.** Their synergistic activity is also
proven by the fact that dicyclomine given alone was
less efficacious in moderate and severe dysmenorrhea.*
A comparative study conducted among healthcare
practitioners revealed that mefenamic acid and
dicyclomine was used by 77% of the study participants
for pain relief, of which 35% used it for dysmenorrhea.*”
The anticholinergic side effects of dicyclomine are not
prominent in the combination owing to the lower drug
dose used.

Table 1 shows different agents used along with
mefenamic acid in dysmenorrhea.04

SAFETY AND EFFICACY OF MEFENAMIC ACID

Mefenamic acid is generally well-tolerated, but side
effects can include headache, dizziness, somnolence,
nausea, diarrhea, abdominal discomfort, heartburn,
peripheral edema and hypersensitivity reactions.*’ The
combination of mefenamic acid and dicyclomine is better
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compared with dicyclomine + mefenamic acid.*®

tolerated as due to its antimuscarinic and spasmolytic
action, dicyclomine reduces the gastrointestinal side
effects that may be associated with mefenamic acid.*

There are certain concerns about the hepatotoxicity of
mefenamic acid; however, in prospective studies, less
than 5% of patients taking mefenamic acid experienced
transient rise in serum aminotransferase levels. The
abnormalities usually reduced even while the drug was
continued and without dosage adjustment. There may
have been rare cases of mefenamic acid-induced liver
injury but mefenamic acid is not a causative agent in
any large case series on drug-induced liver injury.*

Patients with dysmenorrhea need to take mefenamic
acid irregularly, hence it has lesser chances of
interfering with the COX system and presents a lower
cardiovascular risk compared with other drugs such as
celecoxib.®

CONCLUSION

Dysmenorrhea affects a significant population of
women across the globe, but it continues to be a
neglected health issue, with considerable underuse of
medications. Even though it is not a life-threatening
condition, it leads to a significant burden on the quality
of life of female adolescents or women interfering with
daily activities. Besides, another challenge affecting
dysmenorrhea management is insufficient information
or lack of awareness about primary dysmenorrhea
among the younger population. NSAIDs are the first
line of treatment in the treatment of dysmenorrhea and
amongst the NSAIDs, mefenamic acid is a preferential
COX-2 inhibitor that can effectively reduce menstrual
pain with fewer side effects. Mefenamic acid is one of the
most thoroughly investigated agents for the treatment
of dysmenorrhea, and the results have been consistently
effective in reducing subjective discomfort. One of the



first approved drugs for dysmenorrhea in the USA,
mefenamic acid is very effective in improving symptoms
and changing the underlying pathophysiology of the
disease. Mefenamic acid has a multifactorial action in
offering relief from dysmenorrhea including inhibition
of prostaglandin, decrease in uterine tonicity, and
bradykinin-antagonistic ~ activity. ~Considering the
complex pathophysiology of dysmenorrhea involving
multiple pathways, combination therapies using NSAID,
and other antispasmodic agents becomes imperative
to treat the condition. For instance, the synergistic
combination of dicyclomine and mefenamic acid is
effective and safe in treating pain and discomfort related
to dysmenorrhea.

In an era of women empowerment, every woman needs
to be in the optimum physiological and psychological
condition. Hence, it becomes all the more important
to address the menstrual burden and provide effective
treatment. Healthcare professionals can enhance
awareness in their women patients about the problems
associated with dysmenorrhea. They can provide
educational literature, posters or websites such as www.
painfulperiods.in where patients can get ready access to
authentic information curated by the doctors.
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