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Demystification of All Too Common Disease: Period Pain
Dow Kim

What is the mechanism of menstrual pain-alleviating medicines?
How can we guide research pathways to treat menstrual pain?

Abstract

The prevalence of menstrual pain is high yet there is a lack of research and understanding of it.
There are three main categories of menstrual pain-alleviating medicines that are commonly
prescribed: NSAID (Non-Steroidal Anti-Inflammatory Drugs), acetaminophen and oral
contraceptive pills. Two of these types of drugs are broad pain alleviators whereas oral
contraceptive pills play a role specifically within reproductive organs. Much research has been
dedicated to understanding the biochemistry of the mechanisms of these medicines and how
pain is generated at a molecular level. Genetics vary from human to human and can also play a
role in menstrual pain and its alleviating methods. So far, some research efforts have focused
primarily on menstrual pain, but most people who experience pain have little access to
information on how pain alleviation works, what the source of menstrual pain is, and what
ongoing efforts could be made to improve the quality of life. | argue that future research should
focus on menstrual pain specifically and how to alleviate it with more targeted therapies. These
broad efforts will enhance our understanding of reproductive health sciences and have a
significant impact on a large portion of the human population.

Language Disclaimer

This document will refer to ‘women’ or ‘females’ as biological females who are born with XX
chromosomes and female reproductive organs only. When discussing others, such as
transgender women or intersex individuals, it will be specifically indicated as ‘transgender
women’ or ‘intersex’.

Introduction

Roughly 3.2 billion females “experience period pain at some stage in their lifetime” [1]. However,
painful menstrual cycles are not normal, and in fact point to underlying disease. Period pain,
often referred to in medical literature as dysmenorrhea, is broadly defined as pain associated
with any stage of the menstrual cycle, which occurs cyclically throughout the majority of a
biological female’s life from puberty to menopause [2]. Dysmenorrhea is therefore considered a
chronic health issue but is very poorly defined, and needs to be addressed with much more
basic scientific and medical research in order to address. Our current understanding and the
treatments for chronic diseases are lacking due to the chronic diseases’ relatively benign
characteristics when compared to detrimental health issues such as cardiac problems, cancer,
and more. Chronic pain is “long-standing pain that persists beyond the usual recovery period or
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occurs along with a chronic health condition” [3]. | argue that addressing the root causes and
fully treating dysmenorrhea will set the stage for a vast overhaul of our current approaches in
the medical world towards treating all conditions, not just acute ones. Because dysmenorrhea
affects so many people, the outcomes of treatment will have far-reaching effects. For example,
pain reduction would impact the daily lives of billions of people suffering from this currently
untreated disease. To achieve equality and equity between the sexes and to endorse an
advanced medical care system, there must be constant attention and effort to research in the
area of women’s health sciences.

Dysmenorrhea is defined as “pain during the menstrual cycle”, located in the lower abdomen
and may also encompass other symptoms such as back pain [4]. There are two types of
dysmenorrhea: primary dysmenorrhea which occurs from the menstruation process and
secondary dysmenorrhea which originates from “existing pelvic conditions” such as
endometriosis [5]. The menstrual cycle is a critical factor in female health; not only does it
function to release eggs but it also regulates the overall physical and psychological health of
females. As a result, many symptoms are associated with menstruation. Surprisingly, most of
the biological details of how the reproductive system works are still veiled to most people. When
compared to other diseases, dysmenorrhea lacks enough mechanistic study to adequately
propose effective treatments.

Statistics that correlate menstrual pain and socioeconomic outcomes advocate for improved
treatments for dysmenorrhea. A study revealed that “an average productivity loss of 33%
resulted in a mean of 8.9 days of total lost productivity per year” due to menstrual health-related
conditions [6]. The suffering from an abnormal condition happens regularly for normally
menstruating biological females on a monthly basis. Furthermore, dysmenorrhea not only
consists of physical pain but also psychological suffering as well. Dysmenorrhea and
psychological conditions have been correlated by a study and the data shows that there is a
statistical significance between them [5]. A medical condition that has physical and
psychological consequences on people affects society as a whole and socioeconomics in the
end.

Dysmenorrhea is one of the most promising chronic conditions to invent a solution for as it
stems from the menstrual cycle, a normal biological process that can be studied in a variety of
ways. Menstrual cycles are evolutionarily conserved among mammals, and it has the potential
to be well understood with the right research efforts. Currently, common pain alleviators and oral
contraceptive pills are the most common recommendations from gynecologists, but no targeted
treatment method has been proven to be highly effective for the maijority of biological females.

There is much more to be explored in the study of female reproductive health. Recent studies
have shown that there is a statistical significance in the correlation between dysmenorrhea and
genetic factors [5]. Understanding the underlying genetic factors that impact female reproductive
health will provide a deepened understanding of the condition itself and improve the
development of treatments as well.

In this work, | will be demystifying period pain and stress dysmenorrhea as an abnormal health
condition, strongly urging the research community to shift focus toward period pain as a true
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chronic iliness, like all chronic ilinesses, that needs systematic research focus to address. This
document encompasses a literature review of the current methods existing to treat
dysmenorrhea, and it describes the molecular details of how currently prescribed medications
work and their pitfalls. Moreover, the document highlights missing information in women’s health
sciences that needs to be acquired to improve women’s health technologies and knowledge.

Background: Dysmenorrhea is a disease of the menstrual cycle
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Figure 1. A diagram of oogenesis. Created with BioRender.com.

Every biological female is born with a certain amount of primary oocytes, which eventually
develop into mature eggs [7]. In a female embryo, as the ovary is developing, mitosis produces
many primary oocytes [10]. The number of oocytes that are produced in this process determines
the total amount of oocytes the individual can release in their lifetime [10]. However, only a
subset of oocytes enter the maturation process and are released [10]. Every primary oocyte has
completed meiosis | and is at the onset of meiosis Il [10]. When an adolescent female reaches
puberty, then meiosis Il begins; thus, they become fertile [10]. The secondary oocyte is arrested
at the metaphase stage of meiosis Il [10]. The secondary oocyte is released from one of the
ovaries (see Figure 1) each month and it is either fertilised by a sperm or released from the
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body with the lining (endometrium) of the uterus along with broken down blood vessels and
blood [10]. Therefore, the purpose of the menstrual cycle is to release the mature secondary
oocyte that has completed meiosis into the uterus. If the mature oocyte (egg) is not fertilized, it
is released along with extraneous materials (lining, blood, and unfertilised ovum) from the body
[10]. Otherwise, pregnancy occurs [10].

The menstrual cycle is a natural part of reproduction as an animal [10]. Although not all
mammals go through the menstrual cycle, many do go through a similar cycle called the estrous
cycle [11]. While the cycle itself is a natural phenomenon, dysmenorrhea is an abnormal health
condition that imposes abdominal pain and other symptoms. As an analogy, in intestinal
obstruction, a well-functioning organ is disrupted. In dysmenorrhea, the functioning of
reproductive organs is disrupted. When compared to other abnormal health conditions,
dysmenorrhea is especially considered to be a natural part of the reproductive cycle instead of a
diseased state. Thus, dysmenorrhea should be viewed as a disease of the menstrual cycle, not
a naturally occurring part of the menstrual cycle, and treated medically as such.

Figure 2. A diagram of female reproductive systems [8].
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Figure 3. A diagram of the menstrual cycle with a visual representation of the endometrium
layer [9].

The menstrual cycle is a monthly cyclic process (28 to 35 days pattern) of shedding the lining of
the uterus [9, 10]. Driven by hormones, there are 4 phases within the menstrual cycle: The
menses phase (menstruation), the follicular phase (proliferative phase), ovulation, and the luteal
phase (secretory phase) [9].

1. Menstruation
The phase begins on the first day of “the period” when the bleeding occurs. The shedding
of the lining of the uterus occurs when the individual is not pregnant. It typically lasts from
three to seven days.

2. Proliferate phase
The proliferate phase overlaps with menstruation and ovulation. It begins on the first day
of menstruation and ends at ovulation. The female main sex hormone estrogen fluctuates
and other hormones cause follicles in the ovaries to grow. Within days 10 to 14 of the
menstrual cycle, one of the follicles will form a fully mature egg, an ovum.

3. Ovulation
The ovary releases the egg. The phase lasts from day 14 to 28.

4. Secretory phase
The egg is secreted and travels down the tubes from the uterus. The progesterone level
increases to help prepare for the body to be pregnant. When the egg is not fertilized by
the sperm, the egg is released along with the lining of the uterus in the menstruation
phase. This phase lasts from day 15 to 28.

There are two types of dysmenorrhea: primary and secondary [5]. First, primary dysmenorrhea
occurs from the contraction of the uterine muscle [5]. Prior to menstruation, linings start to form
on top of the uterus muscles [12]. Lining is a condensed form of menstrual blood and it is harder
to excrete than to excrete liquid blood [12]. Subsequently, the uterine muscles need to contract
much more to excrete the lining. Second, secondary dysmenorrhea occurs from diseases such
as endometriosis, PCOS, and uterine fibroids [1, 5]. Endometriosis is the formation of tissue
outside of the uterus [8]. The lining is shed every month during menstruation and causes pain,
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inflammation, and scarring. PCOS may affect the menstrual cycle in various ways; it increases
the level of androgens and creates small cysts in the ovaries [5]. An imbalance of hormone
levels may cause painful dysmenorrhea [13]. Uterine fibroids are benign smooth muscle
tumours of the uterus and the increased amount of shedding affects the contraction of the
muscles and leads to more painful dysmenorrhea [5].

1. Biochemical mechanisms of pain treatments for dysmenorrhea

1.1 Nonsteroidal Anti-inflammatory Drugs (NSAIDs)

Nonsteroidal Anti-inflammatory Drugs (NSAIDs) are types of pain alleviators that can reduce
inflammation and lessen minor pain [14]. They are commonly prescribed or recommended to
treat headaches, toothache, fever, dysmenorrhea, and more. NSAIDs include common
nonprescriptions such as Aspirin, Ibuprofen, Naproxen, and Diclofenac.

NSAIDs alleviate pain by inhibiting the production of prostaglandin (PG), a fat molecule
implicated broadly in pain sensations such as fever and inflammation via enzyme inhibition [14].
Many hormones and signalling molecules in the body—including PGs—are actively produced
inside of cells [14, 15]. A low accumulation of PG is always present in the human body [16].
What causes the pain is the high levels of PG produced in response to injury, not the presence
of PG itself [16].

An enzyme is a broad class of globular proteins that act as a biological catalyst, which speeds

up the biochemical reactions without being absorbed in the product [17]. In other words, it aids

the production of the molecules, such as the PG. A substrate is a reactant in enzyme-catalyzed
reactions.

Every enzyme has an active site, the region on the surface of the enzyme where the substrate
molecules bind to [17]. The active site and the substrate complement each other, in terms of
both shape and chemical properties [17]. Therefore, only certain substrates can bind to a
specific enzyme.
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Figure 4. A diagram of enzyme-substrate complex formation [18].

In the case of PG, prostaglandin is the product of the reaction. The reactant, arachidonic acid,
binds to the cyclooxygenase (COX) enzyme and produces prostaglandin H, (PGH,) [16]. In this
process, NSAID molecules block the formation of the enzyme-substrate complex by binding
itself to the COX enzyme [14, 16]. When NSAIDs are bonded to the COX enzyme, arachidonic
acid can no longer bind with the enzyme [14, 16]. Thus, when consumed, NSAIDs reduce the
rate of PG production, which in turn decreases the production of pain signals in the body [16].
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Figure 5. A diagram of enzyme expression inhibition [19].
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Figure 6. A diagram of the COX inhibition method via NSAID. Created with BioRender.com.

As seen in Figure 7, PGH, is converted into various isoforms to fulfill unique functions in
designated tissues.

Looking at the prostaglandin’s production sites, | propose that prostaglandin F2 alpha could be
the origin of menstrual pain because all the other locations of the prostaglandin do not correlate
with the menstrual pain. Moreover, prostaglandin F2 alpha is mainly produced from the female
reproductive system and plays a critical role in “ovulation, luteolysis, contraction of uterine
smooth muscle and initiation of parturition” [20]. See Table 1 for a summary of which
prostaglandins affect other organs and tissue types.



"'"'-"" Research Archive

¢ Rising Scholars

AA

where bright minds share their learnings

of
PGE,
PGI
COX . paH, . TXA,
PGD,
PGF,,

Figure 7. A diagram of prostaglandin and its isoform production.

Name

Location

Function

Prostaglandin E,

Brain, kidneys, vascular
smooth muscle cells,
platelets

Regulation of immune
responses, blood pressure,
gastrointestinal integrity, and
fertility.

Closely related to the process of
inflammation.

Prostacyclin

Endothelium, vascular
smooth muscle cells,
platelets, kidneys, brain

Regulate cardiovascular
homeostasis.

Thromboxane A,

Platelets, vascular smooth
muscle cells, macrophages,
kidney

Unstable arachidonic acid
metabolite that only lasts
approximately 30 seconds.

Prostaglandin D,

Mast cells, brain, airways

Function in both an inflammatory
and homeostatic capacity.
Regulate sleep and other central
nervous system, including pain
reception.
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Prostaglandin F,,

Uterus, airways, vascular

Involved in ovulation, luteolysis,
contraction of uterine smooth

smooth muscle cells, eyes

muscle and initiation of
parturition.

Table 1. Isoforms of prostaglandin and their locations and their functions [20].

Currently, there are two types of COX enzymes known: COX-1 and COX-2 [14, 16, 20]. While
COX-1 enzymes are always expressed in most cells, COX-2 is expressed when inflammatory
stimuli are induced [14, 16, 20]. Furthermore, COX-2 is the major source of inflammatory
prostaglandin production [16, 20]. Thus, pain signals via PGs are typically felt acutely when
there is an increase in COX-2-mediated production of inflammatory PGs [16, 20]. NSAIDs are
non-selective inhibitors of the COX enzymes, meaning that the drugs inhibit both types of
enzymes [14]. Nevertheless, each drug tends to inhibit a certain type of COX enzyme more than

the other [14].
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Figure 8. NSIAD inhibition method illustration. Created with BioRender.com.

Aspirin inhibits the expression of the COX enzymes by destroying them [14]. Aspirin covalently
modifies the COX enzyme, blocking the attachment of the arachidonic acids, and permanently

10
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destroying the enzymes [14]. All other types of NSAIDs except for aspirin are reversible
inhibitors of the COX enzymes: they attach themselves to the COX enzyme [14].

1.2 Acetaminophen

Acetaminophen is more commonly known by its brand name Tylenol. Even with a long history
as a common pain alleviator, the precise biochemical mechanism of pain relief by
acetaminophen has not been determined [21]. It is a type of pain alleviator that acts similarly to
the NSAIDs in our body but lacks its effect in reducing inflammation [21]. It is possible that
acetaminophen can reduce fever and increase the pain threshold for painful stimuli by inhibiting
the expression of the COX enzymes [21]. Thus, acetaminophen aids in alleviating menstrual
pain by increasing the pain threshold.

Some studies have suggested the existence of a COX-3 enzyme which is suspected to be a
variant of COX-2 mainly produced in the lung with different molecular characteristics, which may
be targeted by acetaminophen [21]. The mechanism of acetaminophen is similar to that of
NSAIDs; however, it is shown that acetaminophen is less able to inhibit the expression of the
COX enzymes when the concentration of cellular peroxide, which is produced from
inflammation, increases [21]. Therefore, while acetaminophen is useful as a pain alleviator, its
exact biochemical pathway is not well understood.
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coX-2 p— . Acataminophen of inflammatory PGs

T
COX-3 p——— Acetaminophen

The mechanism of acefaminaphen ndubilion is SOl nknaw
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Figure 9. COX enzyme inhibition by acetaminophen. Created with BioRender.com.
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1.3 Oral contraceptives

Oral contraceptives, otherwise known as birth control pills, can be prescribed by doctors or
medical professionals to treat dysmenorrheic symptoms. There are predominantly two types of
them: combined estrogen-progesterone (also known as combined oral contraceptives, COC)
and progesterone-only pill (POP) [22]. For the purpose of menstrual pain treatment, COC is
most commonly prescribed since estrogen is the hormone that controls the menstrual cycle, and
progesterone prevents pregnancy [22].

There are numerous pathways for the oral contraceptives to alleviate menstrual pain. First, the
main female sex hormones (estrogen and progesterone) soothe the pain by suppressing
ovulation [13]. The suppression of ovulation lessens the contraction of the uterus, which is the
physical cause of dysmenorrhea. Second, the main female sex hormones can also reduce the
production of PG, specifically PGF,, [22]. Third, consuming oral contraceptives can balance the
fluctuating hormone levels [13, 22]. How women perceive pain is different from men; when the
main sex hormones—estrogen and progesterone—levels fluctuate, it increases the pain
intensity and perception [13]. During menstruation, when the main sex hormone level
significantly fluctuates, Athnaiel et al. have reported that there was a “greater prevalence of pain
in women, as well as lower pain threshold” [13]. Therefore, providing stable hormone levels by
the intake of oral contraceptives serves as a protective mechanism against nociception in
females.

HORMONE
LEVELS

Figure 10. Rise and fall of sexual hormone level [9].

1.3.1 Side effects of oral contraceptives
The following is the list of possible side effects of consuming oral contraceptives [23].

Abdominal cramping or bloating
Acne

Appetite changes

Back pain

Breast pain, tenderness, or swelling
Changed interest in sexual activity
Darkening skin on the face

12
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Diarrhea
Difficulty wearing contact lenses
Dizziness
Fatigue

Gas

Nausea
Nervousness
Rash

Trouble sleeping
Vomiting

Weight changes

where bright minds share their learnings

While oral contraceptives are widely prescribed to treat dysmenorrhea, it still has a long list of
side effects. While all medications do carry side effects to a certain degree, the side effects of
oral contraceptives are much more common than other medications. Such common medication
to treat common health conditions must seek improvements to reduce the possibility of having
side effects.

13
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Table 2. A list of potential side effects that could arise from hormone fluctuation [13].

1.4 Recent technologies and other methods Alternative and new pain relief therapeutic
approaches

1.4.1 Inositol

Inositol is a type of sugar that can be produced from our own body and is also found in foods
[24]. The consumption of inositol may balance the fluctuation of certain chemicals in the body
and is known to soothe mental pain, such as panic disorder [24]. Inositol can also be helpful for
treating secondary dysmenorrhea, especially polycystic ovary syndrome (PCOS)-caused
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dysmenorrhea [24]. However, it also improves the maturation of oocytes, which increases the
likelihood of pregnancy [24]. Thus, it is not prescribed or recommended for those who do not
want to increase the chance of getting pregnant [24].

1.4.2 Lidocaine

Lidocaine is a local anesthetic agent which “prevents pain by blocking the signals at the nerve
endings in the skin” [25]. It is an effective pain Killer; it is also known to be especially effective for
endometriosis-origin dysmenorrhea [25].

1.4.3 Menthol

Menthol is a “chemical naturally found in peppermint” that can mediate anesthetic properties
[26]. It can alleviate the pain of muscle cramps. Thus, menthol is effective for primary
dysmenorrhea by controlling the uterus contraction [26].

1.4.4 Temperature

Primary dysmenorrhea consists of uterus contraction, which is the tight movement of the organ’s
muscles. As a result, it leads to poor circulation of blood flow. By raising the temperature around
the abdomen area, aids such as heating pads can aid in promoting better blood flow, increasing
circulation and relaxation of the muscles [27]. Heating pads or other forms of
temperature-related methods are a non-pharmaceutical way to relieve menstrual pain.

2. Unknowns in the field of menstrual pain research and biology
2.1 Education on the menstrual cycle and origins of dysmenorrhea

While dysmenorrhea is a common abnormal health condition that affects half of the world’s
population, the cause and the treatments are not well-known to the public. Recent studies have
revealed a few causes of dysmenorrhea, but the public is not well-informed about the science
and current state of research. | advocate for education to start in primary and secondary school,
where there are already physical/health education systems in place. One of the ways to inform
the public is via the physical/health education (PHE) system in primary and secondary
educational institutions. Although PHE is a physical activity-oriented course in the maijority of the
institutions, the course also provides informative sessions on learning the biology of
reproductive systems, how to have a healthy diet and more. Although the maijority of the
courses do explain that women experience menstrual cycles, common diseases associated with
the menstrual cycle are not included in the curriculum. These courses often encompass only the
broad surface of the menstrual cycle and miss teaching students that dysmenorrhea can occur
and do not offer guidance about abnormal menstrual cycles. A research study conducted by the
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University of Alberta shows that “comprehensive and accurate sexual education helps students
feel more informed”; in order to raise awareness of dysmenorrhea as a separate process of the
menstrual cycle and as a disease [28]. There needs to be improvement in the physical health
education system.

Furthermore, many people misunderstand what dysmenorrhea is and how it is caused in the
first place. The information about dysmenorrhea itself is not fully disclosed to the public. People
often regard dysmenorrhea as a natural condition resulting from menstruation, but the menstrual
pain could be a signal for a harmful reproductive disease that is being ignored. Of the two types
of dysmenorrhea (primary and secondary), secondary dysmenorrhea is caused by reproductive
diseases such as endometriosis, PCOS, uterine fibrosis, and more. The exact causes of these
diseases are not known. When people are not aware of the exact cause of an abnormal health
condition, it may have negative psychological pressure on the individuals that can manifest as
people blaming their diet, sexual activities, sleep schedule and more, which may not be
well-founded in the biology of dysmenorrhea.

Since the general perception of dysmenorrhea is that it is a natural condition, people often miss
out that there might be an irregularity in their health. While most secondary dysmenorrhea
causes are not detrimental to people’s lives, each disease may disturb the individual’s
well-being and negatively affect their daily lives. Invasive treatments such as surgeries do exist,
but leave few options for people experiencing such a chronic disease. The treatment for chronic
disease must be actively researched to enhance our awareness of dysmenorrhea as an
abnormal health condition and to promote better living standards among biological females.

2.2 Inadequate pain measurements affect dysmenorrhea diagnosis

In many studies measuring the degree of dysmenorrhea, professionals have been relying on a
pain perception scale called the visual analogue scale (VAS) (example shown in Figure 11) [29].
The visual representation of the degree of pain using facial expressions may provide an
objective increment in pain; however, pain is a subjective measurement and different individuals
may perceive the same degree of pain differently.

Normally, the degree of dysmenorrhea is measured by the abdominal pain, but dysmenorrhea
also includes back pain, fever, and headache, which are other factors to consider when
measuring pain. Thus, the current scientific community lacks an objective measurement of pain.
The development of objective measurement will provide a solid evaluation method.

| suggest that pain measurement scales should be improved to objectively quantify diverse
types of pain measurements. Furthermore, it should be developed to include all other symptoms
that could be related to dysmenorrhea as it not only includes abdominal pain. Such improved
measurement could help the patients to understand their pain perception within a given range
and it could also provide an objective database for medical professionals to utilize in developing
treatments.

16
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Figure 11. Visual analogue scale (VAS) [30].

As seen in Figure 12, other types of pain measurements are using the Moos Menstrual Disorder
Questionnaire (MMDQ) [29]. MMDQ provides more detailed, dysmenorrhea-focused questions
to evaluate the patient’s symptoms. Although such detailed qualitative observations may provide
a more personal and customized narrative of the patient, it is still inadequate when conducting a
large data-based experiment which requires quantitative representation.
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Figure 12. The Moos Menstrual Disorder Questionnaire (MMDQ) [31].

A Possible technology to measure dysmenorrheic pain involves utilizing a period cramp
simulator. The period cramp simulator was initially designed for biological men to experience
what menstrual abdominal pain is like. Nevertheless, since the increments for the simulator are

quantitative, they may be used to objectively measure the pain.

2.3 The molecular biology of dysmenorrhea pain relief

A better molecular understanding of the currently available treatments for dysmenorrhea would
greatly improve how effective they are in pain relief. There are numerous unknown biochemical
pathways of pain relief used to treat dysmenorrhea. One molecular component that is known to
be related to menstrual pain that this paper has reviewed is the COX enzyme. Some work has
suggested that there is COX activity in the uterus, but the exact location and the timing of the
COX enzyme’s activity is still an active area of research. Acetaminophen, which primarily works
around the nervous system and near the cranial parts, is being studied for a possible discovery
of a new COX enzyme, COX-3. Because acetaminophen is different from NSAIDs, which work
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along the gastrointestinal tract, a number of studies have suggested that there might be a new
type of COX enzyme designed for acetaminophen to work in the nervous system. However,
much of the information is still not discovered. It would be interesting to know how specific
COX-3 enzyme activity is throughout the body and how it is affected by hormone fluctuations.

2.4 How Additional Factors Affect Treatment Efficacy

The efficacies of various ways to deliver pharmaceutical treatments for dysmenorrhea have not
been thoroughly investigated. The treatments that were introduced in this paper are mostly
prescribed by doctors to be taken via oral consumption. Nonetheless, other forms of
consumption such as through the intravenous route (through a vein), intramuscular route
(through muscles), subcutaneous route (needle injection), and more might be more effective in
specific cases.

For example, intravenous ibuprofen is available for newborn babies or elderly patients who
cannot orally consume medication. It is “an attractive option for the treatment of pain in the
acute post-operative setting and for use in the critically ill population” [32]. Oral consumption of
pharmaceuticals requires the active ingredient to be digested and can access many parts of the
body. However, the dilution of the active ingredient may be impossible in certain situations, and
the absorption in certain tissues may be ineffective. Directly delivering the pharmaceutical in
other ways to the organ of interest may concentrate the active ingredient. Nonetheless, not
enough research has been done to determine whether oral consumption is the best route or
whether other routes of delivery could be more effective specifically for addressing
dysmenorrhea pain.

Aside from the method of pharmaceutical delivery, there are a number of additional factors like
genetic history, demographic, psychological factors, and socioeconomic factors that all
potentially change the biochemistry of pharmaceuticals in the body. While some efforts in the
medical field have been made to include a diverse pool of people in studies broadly, treatments
designed for specific individuals are not a reality in our current system and we are far from
having a complete picture of how every factor affects pharmaceutical drug efficacy.

The study of dysmenorrhea also lacks an overview of how it may distinctly affect different
demographics. Since dysmenorrhea pain can be influenced by psychological factors, muscle
contraction, and reproductive disease, the studies should show the differences between certain
age groups, socioeconomic status, and nulliparity (“the state of a woman who has never given
birth to a potentially viable baby”) [33]. | anticipate that in the future as medicine becomes more
personalized, we will learn much more about how other subtle factors affect the efficacy of
pharmaceuticals.
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3. Future Research Directions

After reviewing the currently available methods to treat dysmenorrhea, | came to the conclusion
that improvement should be made in certain aspects.

3.1 Side-effects of NSAIDs and acetaminophen

Although NSAIDs and acetaminophen can be purchased without a professional’s prescription,
sometimes they cause side effects on the consumer. The side effects are listed down below.

Indigestion
Stomach ulcers
Headaches
Drowsiness
Dizziness
Allergic reactions

Over-the-counter medications are relatively cheaper than oral contraceptives or other types of
prescribed medications. Such medications are much more largely available around the world to
women in various socio-economic classes who are suffering from dysmenorrhea. Consequently,
there needs to be more active research to improve the efficacy of NSAIDs and acetaminophen
for pain relief. While eliminating the side effects may be impractical, there could be more
research on what triggers such side effects and could build a medical profile of certain types of
consumers who should not intake certain types of NSAIDs or acetaminophen.

3.2 Medication targeted solely to treat dysmenorrhea

While many methods are available to treat dysmenorrhea, we still lack a definitive treatment
designed for people suffering from dysmenorrhea. NSAIDs and acetaminophen primarily
increase the pain threshold of a person and inhibit the production of various PGs; whereas oral
contraceptives control hormones (progesterone only or a combination of progesterone and
estrogen). The central problem of these medications or other methods is that they are not
designed to treat dysmenorrhea only.

Dysmenorrhea disturbs many women'’s daily lives and there needs to be an improved
medication to treat it. Studying the origin of dysmenorrhea and the current medications, |
suggest that a medication which could ease the contraction of the uterine muscles could be an
alternative method without altering hormone levels or other reproductive biochemical pathways.
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4. Impact of Other Areas of Studies (Beyond biochemistry, towards genetics and
neuroscience)

4 1 Genetics

A recent study has revealed a correlation between dysmenorrhea and genetic component.
According to Jones et al., their analysis has revealed “one-genome wide significant (GWS)
association (P <5 x 10°®) at a region on chromosome 1p13.2” [5]. Also, the study presented
their observation of “enrichment for active marks that denote the presence of promoter and
enhancer elements specifically in fat and ovary tissues, both of which are highly relevant tissues
for the pathophysiology of dysmenorrhea” [5]. Contemporary biological analysis all comes down
to genetics; when the genetic components of a specific disease or symptoms are disclosed,
then we are one step closer to identifying the cause and eventually inventing a solution. While
genetic studies of dysmenorrhea are not yet included in an active field of research, it is certain
that genetics and epigenetics will provide significant support in developing treatments for
dysmenorrhea.

4.2 Neuroscience

Studying the neurological pathway of pain may also provide a clue for developing treatments for
dysmenorrhea. Specifically focusing on the pain perception and electrical transmission between
neurons may be a helpful piece of information in creating a method to increase pain threshold. |
anticipate that elucidating how the uterus is innervated will help expand our knowledge and
improve the efficacy of the current treatments.

Integrating information from other areas of biology and neuroscience will, therefore, guide us
through developing improved treatments for dysmenorrhea and enhance our understanding of
dysmenorrhea itself as well.

References

1. Gupta, P. (November 2022). Period pain. Women’s Health Concern.
https://www.womens-health-concern.org/wp-content/uploads/2022/12/20-WHC-FACTSH
EET-Period-Pain-NOV2022-B.pdf

2. Mayo Clinic Staff. (April 30, 2022). Menstrual Cramps. Mayo Clinic.
https://www.mayoclinic.org/diseases-conditions/menstrual-cramps/symptoms-causes/syc-
20374938

3. Johns Hopkins Medicine. (n.d.). Chronic Pain. Johns Hopkins Medicine.
https://www.hopkinsmedicine.org/health/conditions-and-diseases/chronic-pain

4. Nagy, H., Carlson K., & Khan, M. A. B. (November 2023). Dysmenorrhea. National
Library of Medicine. https://www.ncbi.nlm.nih.gov/books/NBK560834/

5. Jones A. V., Hockley, J. R. F., Hyde, C., Gorman, D., Sredic-Rhodes, A., Bilsland, J.,
McMurray, G., Furlotte, N. A, Hu, Y., Hinds, D. A., Cox, P. J., & Scollen, S. (November

21


https://www.womens-health-concern.org/wp-content/uploads/2022/12/20-WHC-FACTSHEET-Period-Pain-NOV2022-B.pdf
https://www.womens-health-concern.org/wp-content/uploads/2022/12/20-WHC-FACTSHEET-Period-Pain-NOV2022-B.pdf
https://www.mayoclinic.org/diseases-conditions/menstrual-cramps/symptoms-causes/syc-20374938
https://www.mayoclinic.org/diseases-conditions/menstrual-cramps/symptoms-causes/syc-20374938
https://www.hopkinsmedicine.org/health/conditions-and-diseases/chronic-pain
https://www.ncbi.nlm.nih.gov/books/NBK560834/

ﬁ Research Archive of

: Rising Scholars (preprint) where bright minds share their learnings

2016). Genome-wide association analysis of pain severity in dysmenorrhea identifies
association at chromosome 1p13.2, near the nerve growth factor locus. The Journal of
International Association for the Study of Pain, 157(11), 2571-2581.
https.//doi.org/10.1097/j.pain.0000000000000678

6. Schoep, M. E., Adang, E. M. M., Maas, J. W. M., De Bie, B., Aarts, J. W. M., & Nieboer,
T. E. (2019, June 1). Productivity loss due to menstruation-related symptoms: A
nationwide cross-sectional survey among 32 748 women. BMJ Open. BMJ Publishing
Group. https://doi.org/10.1136/bmjopen-2018-026186

7. Johns Hopkins Medicine. (n.d.). Menstrual Cycle: Overview. Johns Hopkins Medicine.
https://www.hopkinsmedicine.org/health/wellness-and-prevention/menstrual-cycle-an-ove
rview

8. National Cancer Institute. (n.d.). Endometrium. National Cancer Institute.
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/endometrium

9. Women’s health network. (September 18, 2023). Your menstrual cycle — the basics.
Women’s health network.
https://www.womenshealthnetwork.com/pms-and-menstruation/your-menstrual-cycle-the-
basics/

10.Kognity. (n.d.). D3.1.13-14 Puberty and gametogenesis (HL). Kognity.

https://app.kognity.com/study/app/biology-12-hl-2023-25/sid-422-cid-258833/book/pubert

y-and-gametogenesis-hl-id-45735/
11. Crowe, M. A. (2016). Reproduction, Events and Management: Estrous Cycles:

Characteristics. Reference Module in Food Science.
https://doi.org/10.1016/B978-0-08-100596-5.01039-8

12.Cleveland Clinic. (July 27, 2022). Endometriosis. Cleveland Clinic.
https://my.clevelandclinic.org/health/diseases/10857-endometriosis

13. Athnaiel, O., Cantillo, S., Paredes, S., & Knezevic, N. N. (2023, February 1). The Role of
Sex Hormones in Pain-Related Conditions. International Journal of Molecular Sciences.

MDPI. https://doi.org/10.3390/ijms24031866
14. Witstein, J. R. (February 2023). What Are NSAIDs? Ortholnfo.

https://orthoinfo.aaos.org/en/treatment/what-are-nsaids/

15.Kognity. (n.d.). C2.1.3-6 Signalling molecules and transmembrane receptors (HL).
Kognity.
https://app.kognity.com/study/app/biology-12-hl-2023-25/sid-422-cid-258833/book/signalli

ng-molecules-and-transmembrane-receptors-hl-id-46379/
16.You and your Hormones. (October 2023). Prostaglandins. You and your Hormones.

https://www.yourhormones.info/hormones/prostaglandins/
17. Kognlty (n.d.). C1 1.5-7 The mechan/sm of enzymes Kognlty
htt K

hanlsm of—enzymes -id-46233/
18. Tebubio. (April 27, 2023). Titre Enzyme Substrates & Reagents. Tebubio.

https://www.tebubio.com/blog/enzyme-substrat/

19.Soult, A. (n.d.). 14.1: Enzymes. LibreTexts Chemistry.
https://chem.libretexts.ora/Courses/University of Kentucky/CHE 103%3A Chemistry fo

r_Allied_Health %28Soult%29/14%3A_Biological_Molecules/14.01%3A_Enzymes

22


https://doi.org/10.1097/j.pain.0000000000000678
https://doi.org/10.1136/bmjopen-2018-026186
https://www.hopkinsmedicine.org/health/wellness-and-prevention/menstrual-cycle-an-overview
https://www.hopkinsmedicine.org/health/wellness-and-prevention/menstrual-cycle-an-overview
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/endometrium
https://www.womenshealthnetwork.com/pms-and-menstruation/your-menstrual-cycle-the-basics/
https://www.womenshealthnetwork.com/pms-and-menstruation/your-menstrual-cycle-the-basics/
https://app.kognity.com/study/app/biology-12-hl-2023-25/sid-422-cid-258833/book/puberty-and-gametogenesis-hl-id-45735/
https://app.kognity.com/study/app/biology-12-hl-2023-25/sid-422-cid-258833/book/puberty-and-gametogenesis-hl-id-45735/
https://doi.org/10.1016/B978-0-08-100596-5.01039-8
https://my.clevelandclinic.org/health/diseases/10857-endometriosis
https://doi.org/10.3390/ijms24031866
https://orthoinfo.aaos.org/en/treatment/what-are-nsaids/
https://app.kognity.com/study/app/biology-12-hl-2023-25/sid-422-cid-258833/book/signalling-molecules-and-transmembrane-receptors-hl-id-46379/
https://app.kognity.com/study/app/biology-12-hl-2023-25/sid-422-cid-258833/book/signalling-molecules-and-transmembrane-receptors-hl-id-46379/
https://www.yourhormones.info/hormones/prostaglandins/
https://app.kognity.com/study/app/biology-12-hl-2023-25/sid-422-cid-258833/book/the-mechanism-of-enzymes-id-46233/
https://app.kognity.com/study/app/biology-12-hl-2023-25/sid-422-cid-258833/book/the-mechanism-of-enzymes-id-46233/
https://www.tebubio.com/blog/enzyme-substrat/
https://chem.libretexts.org/Courses/University_of_Kentucky/CHE_103%3A_Chemistry_for_Allied_Health_%28Soult%29/14%3A_Biological_Molecules/14.01%3A_Enzymes
https://chem.libretexts.org/Courses/University_of_Kentucky/CHE_103%3A_Chemistry_for_Allied_Health_%28Soult%29/14%3A_Biological_Molecules/14.01%3A_Enzymes

B ] i
-"'""ll-: :ﬁ;::'::ﬁ'ﬂ::’fr ‘:_{__ o where bright minds share their learnings

20.Ricciotti, E., & Fitzgerald, G. A. (2011). Prostaglandins and inflammation. Arteriosclerosis,
Thrombosis, and Vascular Biology, 31(5), 986—1000.
https://doi.org/10.1161/ATVBAHA.110.207449

21.Botting, R. M. (2000). Mechanism of action of acetaminophen: Is there a cyclooxygenase
3? In Clinical Infectious Diseases (Vol. 31). https://doi.org/10.1086/317520

22.Cooper, D. B. & Patel, P. (February 29, 2024). Oral Contraceptive Pills. National Library
of Medicine. https://www.ncbi.nim.nih.gov/books/NBK430882/

23.Mayo Clinic Staff. (January 13, 2023). Combination birth control pills. Mayo Clinic.
https://www.mayoclinic.org/tests-procedures/combination-birth-control-pills/about/pac-203
85282

24. Therapeutic Research Faculty. (2020). Inositol - Uses, side effects, and more. WebMD.
https://www.webmd.com/vitamins/ai/ingredientmono-299/inositol

25.Merative, Micromedex. (August 1, 2024). Lidocaine (Topical application route). Mayo
Clinic.
https://www.mayoclinic.org/drugs-supplements/lidocaine-topical-application-route/descript
ion/drg-20072776

26.Meratove, Micromedex. (February 1, 2024). Menthol and methyl salicylate (Topical
application route). Mayo Clinic.
https://www.mayoclinic.org/drugs-supplements/menthol-and-methyl-salicylate-topical-appl

ication-route/description/drg-20526859
27.Henry Ford Health Staff. (August 22, 2018). Hot or cold therapy: what’s best for muscle
recovery? Henry Ford Health.

https://www.henryford.com/blog/2018/08/hot-cold-therapy-whats-best-for-muscle-recover

28.Wilton, S. (December 11, 2018). Commentary || Statistics demonstrate importance of
sexual education for school-aged children. University of Alberta.
https://www.ualberta.ca/en/folio/2018/12/commentary--statistics-demonstrate-importance-
of-sexual-education-for-school-aged-children.html

29.Jensen, J. T., Schlaff, W., & Gordon, K. (2018). Use of combined hormonal
contraceptives for the treatment of endometriosis-related pain: a systematic review of the
evidence. Fertility and Sterility, 110(1), 137-152.e1.
https://doi.org/10.1016/j.fertnstert.2018.03.012

30.LDLT Registry.org. (n.d.). Universal Visual Analogue Scale (VAS) conversion. LDLT
Registry.org. https:/Idltreqistry.org/VAS

31.Cassioli, E., Rossi, E., Melani, G., Faldi, M., Rellini, A. H., Wyatt, R. B., ... Castellini, G.
(2023). The menstrual distress questionnaire (MEDI-Q): reliability and validity of the
English version. Gynecological Endocrinology, 39(1).
https://doi.org/10.1 1 2023.222727

32.Bookstaver, B., Miller, Norris, & Rudisill. (2010). Intravenous ibuprofen: the first injectable
product for the treatment of pain and fever. Journal of Pain Research, 67.
https://doi.org/10.2147/jpr.s6993

33.Medical News Today. (July 14, 2020). Nulliparous: meaning, effects, and causes. Medical

News Today. https://www.medicalnewstoday.com/articles/nulliparous#definition

23


https://doi.org/10.1161/ATVBAHA.110.207449
https://doi.org/10.1086/317520
https://www.ncbi.nlm.nih.gov/books/NBK430882/
https://www.mayoclinic.org/tests-procedures/combination-birth-control-pills/about/pac-20385282
https://www.mayoclinic.org/tests-procedures/combination-birth-control-pills/about/pac-20385282
https://www.webmd.com/vitamins/ai/ingredientmono-299/inositol
https://www.mayoclinic.org/drugs-supplements/lidocaine-topical-application-route/description/drg-20072776
https://www.mayoclinic.org/drugs-supplements/lidocaine-topical-application-route/description/drg-20072776
https://www.mayoclinic.org/drugs-supplements/menthol-and-methyl-salicylate-topical-application-route/description/drg-20526859
https://www.mayoclinic.org/drugs-supplements/menthol-and-methyl-salicylate-topical-application-route/description/drg-20526859
https://www.henryford.com/blog/2018/08/hot-cold-therapy-whats-best-for-muscle-recovery
https://www.henryford.com/blog/2018/08/hot-cold-therapy-whats-best-for-muscle-recovery
https://www.ualberta.ca/en/folio/2018/12/commentary--statistics-demonstrate-importance-of-sexual-education-for-school-aged-children.html
https://www.ualberta.ca/en/folio/2018/12/commentary--statistics-demonstrate-importance-of-sexual-education-for-school-aged-children.html
https://doi.org/10.1016/j.fertnstert.2018.03.012
https://ldltregistry.org/VAS
https://doi.org/10.1080/09513590.2023.2227275
https://doi.org/10.2147/jpr.s6993
https://www.medicalnewstoday.com/articles/nulliparous#definition

