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Objective: To evaluate the PGF2 profile and its
association with symptoms in several models of
primary dysmenorrhea.

Methodogy: Forty Sprague Dawley rats were placed
into four groups, each with ten rats: control, primary
dysmenorrhea 1 (PD1), primary dysmenorrhea 2
(PD2), and primary dysmenorrhea 3 (PD3). The pain
as main dysmenorrhea symptom was assessed by
observing writhin glatency and frequency. The enzyme
linked immunosorbent assay method was used to
evaluate PGF2 levels in serum. Using hematoxyline
eosin  staining, the uterus was examined

histopathologically.

Results: The PD3 model had writhing characteristics,
PGF2 levels, and degree of inflammation that are
comparable to the PD2 model.

Conclusion: Our proposed PD model has clinical and
biomolecular and histopathological characteristics
comparable to existing models. Thus, this new model
can be an alternative for modeling primary
dysmenorrhea.

Keywords: Primaryd ysmenorrhea, inflammation,
uterus, prostaglandins, experimental animal models.

INTRODUCTION

Dysmenorrhea is a Greek term meaning trouble with
menstrual flow." Dysmenorrhea is described as pain
experienced throughout the menstrual cycle that is either
associated with pelvic disease (secondary
dysmenorrhea) or absent (primary dysmenorrhea/PD).
Severe pain can interfere with everyday activities,
education, or employment.? According to a study
spanning the last 60 years, 45-95% of women
worldwide who are menstruation suffer from this
illness.®> Several Asian nations have greater rates of
dysmenorrhea than European nations.*®

The basic mechanism of PD is still unknown, although
one idea holds that this pathology is based on increased
prostanoid production due to cyclooxygenase pathway
activation, which includes prostaglandins,
thromboxanes, and prostacyclin.*® PGF2 and PGE are
two prostanoids that are frequently researched in
Parkinson’s disease. When the endometrium creates and
releases too much PGF2, it causes uterine smooth
muscle spasms and contractions, resulting in an increase
in PGE. The PGF/PGE ratio will accurately reflect PG's
effect on the uterus. However, the PGF/PGE ratio
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remains a source of contention. Raising the PGF/PGE
ratio has a detrimental influence on the endometrium.’
Complementary therapies cause uterine relaxation by
increasing or decreasing the PGF/PGE ratio. "

To study pathomechanisms and therapy, experimental
animal models are used. To the knowledge of
researchers, there are two models of PD through the
induction of estradiol benzoate and oxytocin.*>*? In both
models, prostaglandin measurements are carried out
directly in the uterus. This makes this model irrelevant
for studying PD progression through measuring PG
dynamics. Therefore, this study aims to compare the
dynamics of circulating PG in the two existing PD
models. In addition, we also investigated new PD
models by modifying the dose of PD induction drugs.

METHODOLOGY

The study was approved by the research ethics
committee of the Faculty of Medicine, Sebelas Maret
University, Surakarta, Centralof Java, Indonesia
(Approval number: 162/UN27.06.11/KEP/EC/2022;
Date: November 22, 2022).

Subjects: This study had 40 female Sprague Dawley
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rats. All were healthy and active. Estrous cycle
screening was performed after 7 days of acclimatization.
The rats wererandomizedforthetrialifthey had normal
estrouscycles. The group was divided into four groups
with 10 in each group: the control group, the primary
dysmenorrhea model 1 group (PD1), the primary
dysmenorrhea model 2 group (PD2), and the primary
dysmenorrhea model 3 group (PD3).

Modeling of primary dysmenorrhea: Subcutaneous
injections of estradiolbenzoate and intraperitoneal
injections of oxytocin were used to induce primary
dysmenorrhea. We used the prior method for the first
group (PD1).* On days 1 and 10 of thee strous cycle,
rats were given 0.5 mg of estradiolbenzoate and 0.2 mg
on days 2 to 9. After 1 hour of the previous day's
treatment, rats were given 2 U of oxytocin.

A prior study® was used for the second group (PD2).
During the estrous cycle, rats were given 5 mg of
estradiolbenzoate on days 1 and 10 and 3 mg on days 2
to 9. After 1 hour of the previous day’s treatment, rats
were given 3 U of oxytocin. We offered a new technique
for the third group (PD3). During the estrous cycle, rats
were given 1 mg estradiolbenzoate on days 1 and 10 and
0.5 mg estradiolbenzoate on days 2 to 9. After 1 hour of
the previous day's treatment, rats were given 1.5 U
ofoxytocin.

Detection of writhing latency and frequency: The
main dysmenorrhea model was evaluated by examining
each rat's movement for a duration of 20 minutes. A
twisting reaction in rat models (abdominal contraction,
concave, trunk, and hind limb extension, rotation of one
limb, uterine contraction) suggested the presence of a
pain in primary dysmenorrhea model.*®

Measurement of PGF2a levels: We used enzyme
linked immunosorbent assay technique to measure
PGF2 levels in serum. We use the Rat PGF2 ELISA Kit
brand FINE TEST catalog number ER1257 (Wuhan
Fine Biotech Co., Ltd. China). We carried out detailed
measurement  steps according to  manufacturer
guidelines.

Histopathological analysis: After oxytocin induction,
euthanasia and organ isolation will be carried out.
Euthanasia was performed by cervical dislocation. The

Table 1: Writhing frequency and latency in allgroups.

uterus was removed and washed with physiological
saline and then soaked in a 4% formaldehyde solution
for 72 hours.”® Next, the uterine tissue was dehydrated
in stages, then transparent, waxed immersion,
embedded, cut to a thickness of 3-5 um and then stained
with hematoxylin eosin.”* The preparations were then
observed to calculate endometrial thickness, number of
vacuolated cells, and inflammation in the endometrium
using an optical microscope (CX23, Olympus, Japan).

Measurement of the thickness of the uterus from the
edge of the cavity to the border of the endometrium was
carried out in cross section and viewed from eight
zones, then the results are taken as an average of the
eight zones. Counting the vacuole cells from eight zones
then taking the average of the results from the eight
zones with  400x  magnification. Inflammation
assessment was done using scoring techniques. Score 1
if plasma cells and lymphocytes were found in small
numbers. Score 2 if plasma cells, eosinophils and
neutrophils were found in large numbers. Score 3 if

there  were many inflammatory cells and
microabscesses.
Statistical analysis: All data were tabulated and

analyzed using non parametric test. p<0.05 was stated to
be significantly different. The statistical analysis were
performed using SPSS version 16.

RESULTS
The three model groups showed a greater frequency of
writhing than the control group (p<0.05), but there were
no significant differences between the three groups
(p>0.05). Meanwhile, writhing latency was also found
to increase in the three model groups compared to
controls (p<0.05). There were no significant differences
in writhing latency between the three research groups
(Table 1).
On the first day of observation, no significant
differences were found in the PGF2a levels of all study
groups. The same results were also found for the tenth
day. For the fifth day, PGF2a levels in the PD1 group
were significantly smaller than those in the control
group (p<0.05). Mean while, PGF2a levels increased
significantly in PD2 and PD3 compared to the control
group (p<0.05), but the wvalues were
comparable for the two groups (p>0.05)

(Fig. 1).
Control PD1 PD2 PD3 Endometrial thickness  and cell
Writhing 0.0000+ 156666+ 24.000+ 18.0000+ vacuolization did not differ significantly
frequency (unit) 0.0000  4.9328° 6.2450° 2.6547° between all groups (p>0.05) (Fig. 2). The
degree of inflammation in the three model
Writhing latency 0.0000+ 6.6667 + 6.000+ 6.6666 + groups was significantly higher than the
(min) 00000  1.5275°  1.7321° 1.5275° control group (p>0.05). This increase was
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Fig. 1: Levelsof PGF2a serum in all groups of
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Fig. 2: Thickness of endometrium (A) and cell
vacuolization (B) in variousgroups.
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Fig. 3: Degreeofinflammation in the endometrium in all
experimentalgroups.

comparable between the three model groups (p>0.05)
(Fig. 3).

DISCUSSION
Animals chosen for study in order to elicit particular
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ilinesses or symptoms have to fulfill a number of
requirements. The animal must, first and foremost,
exhibit a phenotype that is humanoid. Second, there
must be no differences in the way diseases arise in
people and animals. Third, in order to cure human
diseases, experimental animals need to be sensitive to
both  pharmacological and  non-pharmacological
therapies.  Fourth, animal models’ biological
mechanisms ought to resemble human biological
systems in most cases. Fifth, creating models is less
invasive and more reasonably priced.”*? Our primary
discovery is that the PD animal model phenotype of our
induction model is similar to that of earlier models.

In this study, clinically based on symptoms, it was seen
that the three models displayed increased frequency and
decreased writhing latency. Additionally, all three
models showed increased inflammation. This indicates
that various doses of estradiol benzoate and oxytocin
will show the same clinical picture.

The interesting thing refers to PGF2a levels, in the form
of an increase for PD2 and PD3, whereas for PD1 a
significant decrease was found compared to controls.
These indicate that PD2 and PD3 display better oxytocin
sensitivity preparations than PD2. Estradiol benzoate
functions to expand oxytocin sensitivity and trigger
contractions of smooth muscle cells in the uterus.
Oxytocin sensitivity is likely due to an increase in the
number of oxytocin receptors in the cytoplasm of
uterine smooth muscle cells. If this interaction occurs,
prostaglandins will be produced and subsequent uterine
spasms will occur.?®

Prostaglandins are associated with pain and
inflammation during menstruation. The amount of
prostaglandin produced is positively correlated with
pain severity. In this inflammatory process, PGF2a and
PGE eachplay a specific role. The arcuate blood vessels
will constrict due to PGF2a activation, resulting in
localhypoxia in the endometrium. Specific to smooth
muscle cells, contraction will occur. On the other hand,
the action of PGE is determined by its receptor,
including relaxing endometrial blood vessels or
triggering swelling and recruitment of leukotrienes.
Furthermore, prostaglandins also trigger the recruitment
of chemokines, growth factors, migration of neutrophils
and leukocytes to the endometrium.?® Our findings were
an increase in serum PGF2a levels for PD2 and PD3
models, while a decrease for PD1. This increase in
levels is consistent with previous studies.’? If this is
connected to the emergence of writhing then all models
experience an increase in writhing. We hypothesize that
this phenomenon is caused by the action of PGE
determined by its receptor.*

In this study, we found inflammatory involvement in
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all three PD models. This is consistent with previous
studies that acute inflammation accompanies the
development of dysmenorrhea.?? This inflammation is
the end result of an imbalance between pro-
inflammatory and anti-inflammatory ~ factors.
Proinflammatory factors include PGF2a, TNFa, IL-6,
CRP, and VEGF. Anti-inflammatory factors for
example biliverdin.®%*%

CONCLUSION

We conclude that our proposed PD model has clinical
and biomolecular and histopathological characteristics
comparable to existing models. Thus, this new model

can be an alternative for modeling primary
dysmenorrhea.
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