NSAIDs: Is newer better
for dysmenorrhea?
In recent years, the range of nonsteroidal anti-inflammatory drugs
has broadened considerably. But when it comes to menstrual pain,
the most reliable agents are not necessarily the newest.
By ROGER P. SMITH, MD, and JEFFREY ELLIS, MD
A brief history
major shift in the way menstrual pain
is viewed and treated took place in
The term “dysmenorrhea” is derived from
the 1970s and ’80s, with a greater
a Greek root meaning “difficult monthly
understanding of the role of prostaglandins
flow,” but it did not make its appearance in
and more effective nonsteroidal anti-inflamthe English language until about 1810.
matory drugs (NSAIDs). Subjective studies of
Therapies for dysmenorrhea ranged from the
pain and objective studies of uterine activity
plausible and somewhat effective to the outestablished a firm connection
landish and useless. Everything
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between the two. These studfrom cauterizing the middle
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turbinate of the nose,1 exercise
the ability of NSAIDs to alter
programs,2 and presacral symthe physiology of dysmenorpathectomy3,4 to uterine-relaxing
rhea, making it possible to prefactor,5 vasodilators,6,7 tranquilizvent—rather
than
simply
ers,8 and hormones9-11 have been
relieve—pain.
tried. Today’s effective therapies
Yet, these agents still are not
against primary dysmenorrhea
The
therapeutic
are an outgrowth of earlier
universally used in the treatment of
observations of uterine activity
dysmenorrhea, despite more than
effects of NSAIDs
and the presence of a menstru20 years of experience with them.
al “toxin.” That toxin was later
Moreover, the introduction of new
come from their
identified as prostaglandin.
NSAIDs has clouded rather than
ability to inhibit
Endometrial prostaglandin
clarified the issue of their relative
production is tied to changes
efficacy. Drugs that are wellthe production
throughout the menstrual cycle.
designed for the suppression of
of prostaglandin.
Prostaglandin is stored in the
chronic inflammation (e.g., arthritis
endometrium as it thickens in
therapies) are not very effective for
preparation for implantation or
dysmenorrhea, and vice versa.
Even so, it is possible to apply the findings of
menstruation. With the onset of menstruapublished studies and an understanding of the
tion, preformed prostaglandins are liberated
pathophysiology of dysmenorrhea to demystiand large amounts of arachidonic acid are
fy the range of options.
released from the cell walls of sloughed
endometrial cells. This large increase in
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arachidonic acid substrate results in a
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Prostaglandin synthesis: the basic ingredients

P

rostaglandins are made throughout the
body and are important autocrine and
paracrine regulators of cellular and organ function. As depicted below, the main substrate for
their production is arachidonic acid, a major
constituent of cell walls. Under some circumstances, phospholipase A2 also can be used as
a substrate for prostaglandin production.
Cyclooxygenase, also called prostaglandin H
synthase, is the first enzymatic step in the conversion of arachidonic acid into prostaglandins. This enzyme folds the arachidonic

acid molecule (cyclization) and oxygenates it
to produce prostaglandin H2 (PGH2).
All other members of the prostaglandin family are then formed from PGH2. Arachidonic
acid also is the substrate for the production of
leukotrienes and 5-hydroxyeicosatetraenoic
acid (5-HETE) through the 5-lipooxygenase
pathway. Like prostaglandins F2 and E2, the
products of the lipooxygenase pathway are
potent vasoconstrictors and stimulators of uterine contractions.
—Roger P. Smith, MD, and Jeffrey Ellis, MD
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sloughed endometrial cells.
The causative role of prostaglandin F2 in
dysmenorrhea was confirmed when researchers triggered dysmenorrhea-like pain
and uterine activity after intravenous (IV)
injection of prostaglandins.12 (Current evidence indicates that women with primary
dysmenorrhea make 2 to 7 times the normal
amount of prostaglandin F2.) Excess
prostaglandins also may be responsible for
the smooth-muscle activity noted in the gastrointestinal (GI) tracts of these women.
Hypermobility of the gut may be responsible for the frequent coexistence of nausea,
vomiting, and diarrhea in these patients. In
addition, prostaglandins appear to act as initiators and potentiators of nociceptive pain
signals, further contributing to the symp-
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toms of dysmenorrhea.
In 1967, Pickles demonstrated that
prostaglandin levels were lower during
anovulatory cycles, prompting the use of
oral contraceptives (OCs) to suppress ovulation and relieve menstrual pain. 13,14
Although this approach is usually successful, not all women want to—or can—use
OCs. NSAIDs more directly alter the physiologic sequence leading to discomfort by
inhibiting the production and/or action of
prostaglandins. Moreover, NSAIDs generally
are well-tolerated and need only be taken at
the time of menstruation. While OCs act to
reduce the substrate available to the reaction, NSAIDs act to block the pathway at 2
later enzymatic steps.
In 1979, Jacobson et al reported success-

The link between uterine activity and menstrual pain

I

ncreased uterine activity was first hypothesized as a cause of dysmenorrhea in 1932.
By the late 1930s, objective findings began to
support that hypothesis.1 The correlation
between uterine activity and menstrual pain
was strengthened when Jacobson et al studied
simultaneous electrical and mechanical
changes within the uterus.2,3 Using an intrauterine air-filled balloon system, Wilson and
Kurzrok also noted the relationship between
maximal uterine activity and pain.4,5 Despite
the strength of these investigations, few
changes occurred in the way dysmenorrhea
was viewed or treated.
In the late 1940s, Liessé demonstrated that
women with dysmenorrhea not only had a
greater degree of uterine electrical and
mechanical activity, but that this activity correlated with the pain of menstruation.6 Liessé
found minimal activity between pains and as
many as 30 irregular electrical discharges per
second during pain, suggesting a cause (electrical) for dysmenorrhea but offering no clue to

the underlying physiologic disturbance that
might account for it.
The most detailed and influential studies of
dysmenorrhea and uterine activity came in
1947 in a trial conducted by Woodbury.7 His
findings of a direct correlation between pressure, pattern of contractions, resting tone, and
pain became a standard reference.
After Woodbury, the stage was set for a connection to be made between uterine activity
and prostaglandins. That happened in 1965,
when Pickles reported elevated levels of
prostaglandin F2 in the menstrual fluid of dysmenorrheic women.8
During the past 2 decades, more sophisticated analytic techniques have been applied to
intrauterine pressure data,9,10 and strong correlations between uterine activity and pain have
been reported.11,12 The basic assertion that menstrual pain is caused by increased intrauterine
pressure, poor relaxation, and more frequent,
irregular contractions appears to be valid.
—Roger P. Smith, MD, and Jeffrey Ellis, MD
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ful pain relief in 64% to 100% of patients
from 16 studies of NSAIDs in dysmenorrhea.15 Unfortunately, few of those studies
were double-blinded, and many failed to
report the incidence of side effects.
Dingfelder evaluated 23 trials published
from 1970 to 1980 and found a 67% to 86%
rate of pain relief.16 In a more thorough
review, Owen presented data from 51
reports and attempted to analyze the diverse
methods, designs, and outcomes.17 She
found an 87% rate of “excellent” pain relief
for the fenamates versus 56%, 68%, and 56%
for ibuprofen, indomethacin, and naproxen,
respectively. Unfortunately, she lumped

together 2 different drugs (tolfenamic and
mefenamic acids) and misinterpreted some
primarily methodological reports. More
recent attempts to analyze existing studies
have failed to further clarify the issue.18,19

Classes of NSAIDs
Although aspirin was synthesized in 1853
and incorporated into medical practice in
1899, its history goes back even farther. That
fact—along with the introduction of newer
agents—ensured that NSAIDs became the
mainstays of medical therapy for fever, pain,
and inflammation. In the United States,
NSAIDs are among the most widely precontinued on page 74
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Families of NSAIDs

TABLE 1

side effects that limit their
usefulness. While these
Family
Example
drugs can be used to treat
ENOLIC ACIDS
dysmenorrhea, they genPYRAZOLONES
erally have been replaced
Oxyphenbutazone
Azolid**
by more effective agents.
Phenylbutazone
Butazolidin**
There are 2 broad classNabumetone
Relafen
es of NSAIDs: enolic acids
Celecoxib
Celebrex
and carboxylic acids. Each
Rofecoxib*
Vioxx
class can be further subOXICAMS
categorized (Table 1).
Piroxicam
Feldene, Piroxicam
Enolic acids. With the
Meloxicam
Mobic
exception of the newer
cyclooxygenase-2 (COX-2)
CARBOXYLIC ACIDS
selective agents, drugs of
SALICYLIC ACIDS
the enolic-acid type are
Acetylsalicylic acid
Aspirin (various)
primarily type II inhibitors
Diflunisal
Dolobid
of prostaglandin synthesis.
Salicylate
Disalcid, Trilisate
That means they impede
INDOLEACETIC ACIDS
the isomerase/reductase
Diclofenac potassium
Cataflam
step in the formation of
Diclofenac sodium
Voltaren, Arthrotec (combined
prostaglandins E2 (PGE2)
with misoprostol)
and F2 (PGF2). The most
Etodolac
Lodine
frequently used agents
Indomethacin
Indocin
in the enolic-acid group
Ketorolac tromethamine
Acular, Toradol
are phenylbutazone and
Sulindac
Clinoril, Sulindac
piroxicam.
Tolmetin
Tolectin, Tolmetin
Phenylbutazone
was
PROPIONIC ACIDS
discovered in the 19th cenFenoprofen calcium
Fenoprofen
tury during a search for a
Flurbiprofen
Flurbiprofen
substitute for quinine.
Ibuprofen*
Motrin
(Quinine had become
Ketoprofen
Orudis, Oruvail, Ketoprofen
popular for the treatment
Naproxen sodium*
Aleve, Anaprox, Naprelan
of fever; however, unconNaproxen*
Naprosyn
trolled cutting of the
FENAMATES
Peruvian cinchona tree
Meclofenamate sodium*
Meclofenamate
dramatically increased its
Mefenamic acid
Ponstel
cost.) While phenylbuta*FDA-approved for primary dysmenorrhea
zone is an effective short**No longer available
term analgesic for muscuAdapted from: Smith RP. Gynecology in Primary Care. Baltimore, Md: Williams and Wilkins; 1996:399.
loskeletal pain (through
scribed drugs, with more than 70 million preantiprostaglandin activity), its relative toxicity
scriptions and more than 30 billion over-thehas limited its use in dysmenorrhea and gen20
counter tablets sold each year. Most of their
eral therapy.
therapeutic effects come from their ability to
Piroxicam has a long half-life (50 hours),
inhibit the production of prostaglandins.21
making once-daily dosing possible. Its action
Interestingly, some drugs with the ability
as an anti-inflammatory drug for the treatment
to inhibit prostaglandin synthesis have little
of arthritis is well-established, but its use as an
clinical usefulness. Some have weak antianalgesic for acute pain therapy or for dysprostaglandin activity, require metabolic
menorrhea has not been fully evaluated.
transformation to become active, or have
Based on the pharmacodynamics of drug
continued on page 77
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FIGURE 1

Comparison of rofecoxib, naproxen, and placebo
in treatment of primary dysmenorrhea
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Reprinted with permission from The American College of Obstetricians and Gynecologists. Morrison BW, Daniels SE, Kotey P, Cantu N, Seidenberg B. Rofecoxib, a
specific cyclooxygenase-2 inhibitor, in primary dysmenorrhea: a randomized-controlled trial. Obstet Gynecol. 1999;94:504-508.

absorption and action, one would anticipate
its efficacy in that regard to be poor. In general, drugs in the pyrazolone group have a
higher incidence of blood dyscrasias, limiting their broad utility.
Celecoxib is structurally similar to phenylbutazone and was the first selective COX-2
inhibitor approved by the Food and Drug
Administration (FDA). It has been studied in
dental pain models and the treatment of
osteoarthritis. In these trials, celecoxib performed as well as naproxen and slowrelease diclofenac, but with fewer GI side
effects. No data on its use in dysmenorrhea
is available.
Chemically related but less similar to the
enolic acids is refecoxib. Like celecoxib, it
has been studied in the treatment of
osteoarthritis, where it was comparable in
efficacy to ibuprofen and diclofenac, but
with side-effect rates similar to placebo therapy. In studies of women with primary dysmenorrhea, rofecoxib has proved to be statistically superior to placebo but indistinguishable from naproxen (Figure 1).22 Peak
blood levels are achieved in 2 to 3 hours
(delayed by 1 to 2 hours by a fatty meal), but
a steady state is not achieved until day 4 of
continuous therapy. When the drug is used
to treat women who have a rapid onset of
symptoms, the significance of this delay is

unclear but is a potential drawback. In addition, the dosage of rofecoxib for the treatment of pain or dysmenorrhea is generally
much larger than that required for the treatment of arthritis. Thus, the risk of side
effects may be increased.
A third selective COX-2 inhibitor, meloxicam, was introduced into the US market
solely for the treatment of osteoarthritis. This
drug is marketed on the basis of its more
favorable side-effect profile rather than its
selectivity in blocking the COX-2 isoform.
Carboxylic acids. The first of the carboxylic
acid subgroups are the salicylic acids. The
use of salicylates derived from the bark or
leaves of the Salic alba or S. fragilis dates
back to Biblical times. Salicylates were formally introduced into medical use in 1763 by
the Reverend Edmund Stone.23
The relatively low potency of aspirin for
reducing prostaglandin synthesis in the
uterus limits its clinical utility in preventing
moderate or severe dysmenorrhea. In contrast, diflunisal has a long half-life, making
twice-daily dosing possible. However, its
slow onset of action limits use for most
patients with menstrual pain.
The indoleacetic acid subgroup offers
increased potency against dysmenorrhea.
Most of these drugs have a direct effect rather
than requiring metabolism into an active form.
continued on page 78
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Indomethacin was one of the first NSAIDs
widely used to treat dysmenorrhea, but a
moderate incidence of side effects limits its
use—and that of most of the other drugs in
this family.
The most commonly used drugs for dysmenorrhea come from the 2 remaining carboxylate groups: arylalkanoic acids (propiJeffrey Ellis, MD
onic acid derivatives)
and anthranilic acids
(fenamates). Of the
propionic acid derivatives currently available, ibuprofen and
naproxen are commonly used for dysmenorrhea. Other drugs of
No NSAID
this class have been
completely
used for pain relief or
arthritis therapy, but
eliminates gastric
are not currently FDAcyclooxygenase
approved for dysmenorrhea. The subset of
activity.
drugs that are phenylpropionic acid derivatives are associated
with a higher incidence
of GI side effects and skin reactions.
Mefenamic acid was the first alternative
synthesized in an effort to reduce the gastric
irritation caused by acetylsalicylic acid.24
Mefenamic acid and meclofenamate sodium—both fenamates—are potent prostaglandin synthetase inhibitors. In addition,
they have been shown to antagonize
already formed prostaglandins, providing a
dual mode of action.25-28 This ability to block
the action of existing prostaglandins pro-

Comparison of COX-1 and COX-2
in human tissues
Characteristic

COX-1

Tonic expression
Inducibility

High
Low

Predominant location

All (stomach, kidney,
platelets, vasculature)

Function

Homeostasis

duces a more rapid onset of uterine relaxation. Some of the first studies of NSAIDs in
dysmenorrhea used these agents.29,30 In fact,
they are some of the most thoroughly investigated drugs for the treatment of dysmenorrhea, shown to be consistently effective in
reducing its subjective discomfort.31-35
In the U.S., mefenamic acid was one of
the first drugs approved for dysmenorrhea,
and clinical studies have shown meclofenamate to be very effective in improving
symptoms and altering the underlying
pathophysiology.36,37 The dual mechanism of
action likely gives these agents an edge in
efficacy, although no clinical trials have
been initiated to evaluate this presumed
advantage. Intrauterine pressure changes
have been documented as soon as 15 minutes after administration of the medications,
suggesting a very rapid onset of action
(obviating the need for preloading). In addition, in vitro studies have demonstrated
meclofenamate’s ability to inhibit the activity of 5-lipooxygenase, unlike members of
the propionic acid group, which have little
or no inhibitory ability.38,39 The clinical significance of inhibiting the production of the
extremely potent leukotrienes has yet to be
fully explored.

COX-2 inhibitors
Although the short-term efficacy and safety of new selective COX-2 inhibitors appear
to be good, several concerns remain. Despite
a decrease in the incidence of GI side effects
with these agents, their use by patients with
active GI ulceration, infection with Helicobacter pylori, or inflammatory bowel disease
has not been adeTABLE 2
quately studied. Indeed, recent studies
suggest that, at therCOX-2
apeutic concentraLow
tions, no NSAID—
High
not even the selective COX-2 inhibSites of inflammation
(neoplastic tissue, small
itors—completely
intestine, ovary, uterus,
eliminates gastric
brain)
cyclooxygenase
Inflammation and repair,
activity.40
neoplasia, modulation
In addition, quesof immune response
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continued on page 80

COX-1 and COX-2: understanding the differences

S

tudies over the past 10 years have revealed
that the cyclooxygenase enzyme (COX) is
found in 2 isomeric forms, known as COX-1
and COX-2.1 Initial investigations suggested
that COX-1 was present in most tissues and
responsible for the homeostatic production of
arachidonic acid metabolites. The COX-2
enzyme was thought to be induced in
response to inflammatory stimuli such as
cytokines and bacterial lipopolysaccharides,
rather than expressed under normal cellular
function. Thus, the COX-2 form was thought
to be responsible for the large amounts of
prostaglandins associated with inflammation.
It was further hypothesized that COX-2 used
intracellular arachidonic acid as a substrate
almost exclusively, while COX-1 could use
phospholipase A2 as an extracellular substrate
under some conditions.2
Recent data suggest that COX-1 and -2 are
more complex than originally assumed. There
is increasing evidence that COX-2 is constitutively expressed in the brain, kidneys, and
pancreatic islet cells and plays a role in intestinal tolerance to dietary antigens, ulcer healing, ovulation, and implantation. Transgenic
mice with deletions of the COX-2 enzyme
maintain the inflammatory response when
only COX-1 is present.3
In the reproductive tract, COX-2 expression
increases substantially in midcycle because of
the surge in luteinizing hormone (LH). COX-2
and the resulting prostaglandins (released
from granulosa cells) are thought to play an
important role in rupture of the follicle.4,5 With

fertilization, COX-2 expression increases in
the endometrium surrounding the implantation site.6 The resultant prostaglandins are
important for successful implantation and
angiogenesis. Interestingly, transgenic mice
that lack the COX-2 enzyme are infertile,
while those missing only the COX-1 enzyme
have normal reproduction.7,8
Studies also have demonstrated a rapid
increase in COX-2 expression in the placenta
and amnion immediately before and during
labor.9 It is well established that prostaglandins have a pivotal role in myometrial
contraction10 and inhibition of COX-2 has
been shown to delay labor.11
The COX-1 and -2 enzymes share approximately 60% homology.12 Both have a long,
narrow channel that is the active site of
arachidonic acid folding and oxygenation.
The critical difference between the 2 isoenzymes occurs at position 523, where the COX1 enzyme has an isoleucine while COX-2 has
a valine.13 This substitution causes the channel
in the COX-2 form to be 17% wider; it also
provides a side pocket that increases the volume of the active site by 8%. Drugs that are
designed to block the COX-2 enzyme take
advantage of this difference in channel size—
they are too large to fit the normal channel.
Nonselective NSAIDs are small enough to
block the channel in both isoenzymes while,
at least in theory, the selective agents can
block only the larger channel.14 Most COX-2
inhibitors also exhibit some action against the
COX-1 isoform.
—Roger P. Smith, MD, and Jeffrey Ellis, MD
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Conclusion

Key points
■

Nonsteroidal anti-inflammatory drugs (NSAIDs) can
prevent dysmenorrhea, unlike other agents that
simply relieve symptoms.

■

Although NSAIDs in one form or another have been
used for centuries, agents introduced in the past 50
years have significantly improved efficacy and safety
profiles.

■

A greater understanding of the role of prostaglandins
in physiologic and pathophysiologic processes can
enhance the selection of appropriate therapeutic
agents.

■

Some drugs can selectively block the cyclooxygenase-2 (COX-2) isoform of the enzyme instrumental
in the production of prostaglandins.

tions have been raised about the speed and
efficacy of the selective COX-2 inhibitors for
the management of acute pain, compared
with conventional NSAIDs.41 When used for
postoperative analgesia, these agents theoretically could retard wound healing because of the role that COX-2 plays in healing and neovascularization. As more data
emerge about the physiologic functions of
COX-1 and -2 (Table 2), there are growing
concerns that COX-2 is not restricted to
inflammation and pathology, suggesting the
possibility of unanticipated adverse effects
associated with its use. For example, there is
evidence of constitutive expression of COX2 in the kidney and brain, and essential
physiological functions in ovulation and implantation.42 In the treatment of dysmenorrhea, the increased cost of these drugs over
the more commonly used agents, along with
the lack of clinical efficacy studies, suggests
a second-line role.
Like most NSAIDs, COX-2 inhibitors fall
into pregnancy category C. Because of the
risk of premature closure of the ductus arteriosus, they should not be used in the third
trimester of pregnancy. In addition, drug
levels in human milk mimic those in serum,
so the decision to use these agents in nursing mothers must be made carefully.
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It is apparent from the multitude of published studies and the breadth of clinical
experience with NSAID therapy for primary
dysmenorrhea that most of these drugs provide relief for the majority of dysmenorrheic
women. The success rates reported from
both subjective and objective studies of the
use of mefenamic acid in dysmenorrhea support its potential superiority. The physiology
of primary dysmenorrhea would suggest that
the ability of the fenamates to block the
action of preformed prostaglandins—as well
as the 5-lipooxygenase pathway—gives
them a therapeutic edge. Interestingly, one
investigation of the level of selectivity
of multiple NSAIDs found that mefenamic
acid had a selectivity (preferential COX-2
inhibition) comparable to some of the
newest selective COX-2 inhibitors.43 This
may account for the low incidence of GI
and other side effects reported with
mefenamic acid.
The history of NSAIDs has involved the
sequential introduction of agents designed
to reduce side effects or increase efficacy,
often through the modification of existing
compounds. Many of these products have
failed to meet expectations and have been
withdrawn from the market. Notable recent
examples include benoxaprofen, suprofen,
oxyphenbutazone, and zomepirac.
Thus, it is ironic that mefenamic acid, the
first agent introduced to overcome the drawbacks of aspirin, has proved to be so robust
in efficacy and tolerability. In addition, it is
one of the only agents objectively shown to
reduce menstrual blood loss in women with
menorrhagia,44-47 and to ease menstrual
migraine48 and the physical and emotional
symptoms of premenstrual syndrome.49-51 In
fact, the combination of dysmenorrhea, premenstrual syndrome, and menorrhagia experienced by many women would seem to
support the use of mefenamic acid over
other agents.
Unfortunately, no direct comparisons of
various drugs have definitively resolved the
question of which agent is “best” for the
treatment of dysmenorrhea. Until there is
further refinement of our knowledge of uter-

ine prostaglandins, menstrual function, and
the physiology of dysmenorrhea, it would
seem wise to rely on agents that have been
studied most extensively. ■
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