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ABSTRACT

The pathogenesis of primary dysmenorrhea is closely related to increased expression of phospholipase C (PLC) and transient
receptor potential vanilloid 1 (TRPV1) in myometrial nerve cells. Curcumin has traditionally been used to reduce the pain
associated with dysmenorrhea. To date, the effect of curcumin on the expression of PLC and TRPV1 in myometrial pain
sensitization has not been studied. This study aimed to determine the impact of curcumin on the expression of PLC and
TRPV1 in the myometrial nerves of a primary dysmenorrhea model. The study involved a randomized post-test control
group design using non-pregnant female Balb/c mice as a model of primary dysmenorrhea induced by estradiol benzoate
and oxytocin. Thirty-five mice that met the inclusion criteria were divided into five groups: sham group (SQG), receiving
placebo; ibuprofen group (IG) receiving ibuprofen 100 mg/kg; Curl00 receiving curcumin 100 mg/kg; Cur200 receiving
curcumin 200 mg/kg; and Cur400 receiving curcumin 400 mg/kg. Each drug was administered orally twice daily for 7 days.
Finally, oxytocin was administered to induce a writhing response in the mice. PLC and TRPV1 expression were examined
using double immunofluorescence staining. Data were analyzed using a one-way analysis of variance and Tukey’s test.
Curcumin significantly lowered PLC and TRPV1 expressions in the primary dysmenorrhea model compared to those in
the SG (p<0.05). The best effect was observed in the Cur400 group with the PLC expression at 27.314+7.42 (p<0.001), and
TRPV1 expression at 33.21+£9.99 (p<0.001). In a primary dysmenorrhea model, Curcumin effectively improves PLC and
TRPV1 expression in myometrial nerves.
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ABSTRAK

Patogenesis dismenorea primer berkait rapat dengan peningkatan ekspresi fosfolipase C (PLC) dan potensi reseptor fana
vaniloid Jenis 1 (TRPV1) dalam sel saraf miometrium. Kurkumin secara tradisinya telah digunakan untuk mengurangkan
kesakitan yang berkaitan dengan dismenorea. Sehingga kini, kesan kurkumin pada ekspresi PLC dan TRPV1 dalam
pemekaan sakit miometrium belum dikaji. Penyelidikan ini bertujuan untuk menentukan kesan kurkumin terhadap ekspresi
PLC dan TRPV1 dalam saraf miometrium model dismenorea primer. Penyelidikan ini melibatkan reka bentuk kumpulan
kawalan ujian pasca rawak menggunakan tikus Balb/c betina tidak hamil sebagai model dismenorea primer yang disebabkan
oleh estradiol benzoat dan oksitosin. Tiga puluh lima tikus yang memenuhi kriteria kemasukan dibahagikan kepada lima
kumpulan: kumpulan sham (SG), menerima plasebo; kumpulan ibuprofen (IG) menerima ibuprofen 100 mg/kg, Cur100
menerima curcumin 100 mg/kg, Cur200 menerima curcumin 200 mg/kg dan Cur400 menerima curcumin 400 mg/kg.
Setiap ubat diberikan secara oral dua kali sehari selama 7 hari. Akhirnya, oksitosin diberikan untuk mendorong tindak
balas menggeliat pada tikus. Ekspresi PLC dan TRPV1 diperiksa menggunakan pewarnaan imunofluoresensi berganda.
Data dianalisis menggunakan analisis varian sehala and ujian Tukey. Kurkumin menurunkan ekspresi PLC dan TRPV1
dengan ketara dalam model dismenorea primer berbanding dengan model SG (p<0.05). Kesan terbaik diperhatikan dalam
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kumpulan Cur400 dengan ekspresi PLC pada 27.31 + 7.42 (p<0.001) dan ungkapan TRPV1 pada 33.21 +9.99 (p<0.001).
Dalam model dismenorea primer, kurkumin berkesan meningkatkan ekspresi PLC dan TRPV1 dalam saraf miometrium.

Kata kunci: Dismenorea; kesihatan reproduktif; kurkumin; PLC; TRPV1

INTRODUCTION

The physiological cycle of menstruation continues
throughout a woman’s reproductive period. Up to 75%
of women experience menstrual abnormalities. These
abnormalities include dysmenorrhea which has become
the most commonly reported symptom (Cinar et al. 2021).
Menstrual cramps causing pain in the lower abdomen or
pelvis, sometimes radiating to the inner thighs, legs, and
lower back are known as dysmenorrhea. The symptoms
usually manifest as diarrhea, vomiting, breast sensitivity,
lethargy, fatigue, and sweating (Karout et al. 2021).
Based on its pathophysiology, dysmenorrhea is classified
as either primary and secondary. Primary dysmenorrhea
is painful menstrual cramping that appears within 6-12
months after menarche without pelvic abnormalities.
The condition persists for 48-72 h and the symptoms
manifest in the suprapubic area before and/or during
menstruation. Secondary dysmenorrhea arises from pelvic
pathologies and/or underlying anatomical abnormalities,
such as endometriosis, leiomyoma, pelvic inflammatory
disease, and adenomyosis, typically developing years after
menarche (Cinar et al. 2021; Wang et al. 2022).

The prevalence of dysmenorrhea in some countries
remains high, with 69.8% in Nigeria, 75.9% in Zimbabwe,
and 90.1% in Croatia (Esan et al. 2024; Horvat et al. 2023;
Nyirenda et al. 2023). In terms of ethnicity, the prevalence
of dysmenorrhea ranges from 16% to 91%, with 10% to
20% of patients experiencing severe menstrual disorders.
These conditions are the primary reasons for frequent
school absences, reduced concentration, lack of active class
participation, hindered study and completion of homework,
poor exam performance, and limited activity engagement
(Mesele et al. 2022). Factors influencing dysmenorrhea
include early onset of menarche, age less than 20 years,
nulliparity, heavy menstrual flow, family history of
dysmenorrhea, high body mass index (BMI), short or long
menstrual cycle interval, premenstrual syndrome, stress,
anxiety, depression, low level of social support, smoking,
lifestyle and personal habits, physical activity, and irregular
menstrual cycles (heavy, frequent, and prolonged periods)
(Hu et al. 2020; Mammo, Alemayehu & Ambaw 2022;
Mesele et al. 2022; Wang et al. 2022).

The pathogenesis of primary dysmenorrhea
is  closely related to the  increase  of
prostaglandin F2a and leukotrienes (Harel 2012). Increased
prostaglandin levels can cause uterine contractions, reduce
blood flow to the myometrium, lead to ischemia, and
increase peripheral nerve sensitivity (Barcikowska et al.
2020). Moreover, leukotrienes may enhance uterine pain
and nerve sensitivity (Hillard 2006). Pain perception

can also be determined by stretching receptor activation
(Bakhsh et al. 2022). Activation of receptors and channels
on nociceptor afferent Ad and C fiber terminals generates
action potentials that travel to the spinal cord and then to
the brain for conscious perception of pain (HelloBio 2022).

Inflammatory mediators produced by damaged
immune cells activate prostaglandin EP, bradykinin
B1/2, and cytokine receptors. Serotonin and adenosine
triphosphate (ATP) activate the 5-HT,, ,and P2X3 receptors,
respectively. These receptors activate phospholipase C
(PLC) and protein kinase C (PKC), causing intracellular
calcium (Ca*") release, Ca?, and sodium (Na) influx,
and inhibition of potassium (K") influx. Inflammatory
mediators result in peripheral sensitization, increased
gene translation, and the opening of ion channels and
receptors, with a decreased transient receptor potential
vanilloid type 1 (TRPV1) channel activation threshold
due to PKC phosphorylation. A decrease in the TRPV1
channel activation threshold opens the TRPV1 channel,
causing Ca’" and Na* influx. The influx of Ca** and Na*
along with the release of intracellular Ca®* leads to an
increase in intracellular Ca®*, resulting in pain excitation
and heightened pain sensitivity (HelloBio 2022). TRVP1
is located on nociceptive nerves at the terminals of Ad
and C fibers of free afferent nerves that play a role in the
transmission of pain impulses (Elokely et al. 2016).

Drug therapy and complementary medicine are often
used to manage dysmenorrhea (Sharghi et al. 2019). Non-
steroidal anti-inflammatory drugs (NSAIDs) and oral
contraceptive pills (OCPs) are the most commonly used
drugs. These drugs reduce pain by inhibiting prostaglandin
production and release. However, long-term use of NSAIDs
results in the side effects of headache, dizziness, drowsiness,
loss of appetite, nausea, vomiting, gastrointestinal
bleeding, acute asthma, dysuria, and acne (Navvabi Rigi et
al. 2012). OCPs suppress ovulation, decrease endometrial
proliferation, and provide an endocrine environment
similar to the early stages of the proliferative phase of
the menstrual cycle, when prostaglandin levels are at
their lowest. Low prostaglandin levels lead to few uterine
cramps. Complementary medicine includes herbs; yoga;
relaxation; psychotherapy; massage; hypnosis; vitamins E,
B, and C, supplements (calcium and magnesium) as well as
acupressure; and acupuncture (Sharghi et al. 2019).

The primary naturally occurring polyphenol in the
rhizome of Curcuma longa or turmeric is curcumin,
which has long been utilized to ease dysmenorrhea-
related pain. Several studies have demonstrated that
curcumin administration decreases the duration and
intensity of dysmenorrhea (Bahrami et al. 2021; Pichardo



et al. 2020; Tabari et al. 2020). Curcumin significantly
reduced the average PLC in a diabetic rat model induced
by streptozotocin (STZ) (Fattah et al. 2020), along with
inhibiting visceral nociception by antagonizing TRPV1 in
rats with colorectal distension (Zhi etal. 2013). Additionally,
curcumin blocked TRPV1 activation in capsaicin-treated
rats, inhibiting TRPV1-mediated pain hypersensitivity
(Yeon et al. 2009). The oxytocin-administered mouse
model is widely recognized as a frequently used
pharmacodynamic experimental mouse model in primary
dysmenorrhea research (Yang et al. 2015). Several studies
have demonstrated that curcumin effectively decreases the
intensity of menstrual pain (dysmenorrhea). Unfortunately,
the effects of curcumin on the expression of the PLC and
TRPV1 proteins, which are involved in the mechanism of
dysmenorrhea, remain unclear. This study investigated the
effects of curcumin on the expression of PLC and TRPV1
in the myometrial nerves of a mouse model of primary
dysmenorrhea.

MATERIALS AND METHODS

ANIMALS

Female Balb/c mice (Mus musculus), weighting 20+2 g and
aged 6-8 weeks from the Faculty of Veterinary Medicine’s
laboratory, Universitas Airlangga is used in this study.
Animals were housed in a 12-h light/dark cycle chamber at
23 £+ 1 °C with food and water provided ad libitum (Hong
et al. 2022; Yang et al. 2015). All experimental and animal
welfare procedures were performed in accordance with
the care and use guidelines of the Faculty of Veterinary
Medicine’s Laboratory, Universitas Airlangga. The study
protocol was approved by the Ethics Committee of the
Faculty of Veterinary Medicine, Universitas Airlangga,
Surabaya (approval no. 2). KEH.109.07.2023.

The sample size was determined based on the number
of replicates or replications using Lemeshow’s formula as
follows:

 20%(Z1—a+ Z1— P)?
(n1 — pu2)?

where N is the minimum sample size; Z1-a is the standard
deviation value, 1.65 at o = 0.05; Z1-f is the standard
deviation value, 0.85 at p = 0.20; o 2 is the standard
deviation of means of treatment and control groups (4.07);
pl is the mean of treatment group (11.38); u2 is the mean
of control group (5.00); and  — 2(407)°(165+085)*. N >
5,09~6 (638"

The minimum sample size required based on the
calculation results was six mice (Mus musculus). Number
of replicates with correction factors.

w=nx1/(1-Hn=6x1/(1-01),n"=667~7
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where n’ is the number of replications following the
correction; and f'is the correction factor based on treatment
risk (0.1). The minimum sample size required for each
group after accounting for the correction factor was seven

Balb/c mice (Mus musculus).

CHEMICALS AND REAGENTS

The materials used in this research include 1) Estradiol
benzoate (E0329, Tokyo Chemical Industry Co. LTD, Japan)
and oxytocin (Interchemie Werken, Holland); 2) Curcumin
(C1386, Sigma-Aldirch); 3) Ibuprofen (Novapharin, Gresik
Indonesia); 4) Corn Oil; 5) Mouse monoclonal anti-calcitonin
gene-related peptide (CGRP) (4901): sc-57053, Santa Cruz
Biotechnology, Inc.; 6) Rabbit CGRP polyclonal antibody
(E-AB-93381; Elabscience); 7) Rabbit anti-PLC gamma 1
(Tyr783) polyclonal antibody (bs-3343R, Bioss Antibodies);
8) Mouse VR1 (E-8) sc-398417 Santa Cruz-Biotex.

ANIMAL TREATMENT

The mice (35 animals) were acclimatized to laboratory
conditions for 1 week with food and water ad libitum before
treatment. The mice included in this study were in the
estrus phase as determined by vaginal smear examination.
Mice were randomly divided into five groups (n = seven
per group): sham group (SG), ibuprofen group (IG),
first treatment group (Curl00), second treatment group
(Cur200), and third treatment group (Cur400). Primary
dysmenorrhea was modeled in 35 mice by subcutanecously
(sc) injecting estradiol benzoate for 10 days (10 mg/kg on
days 1 and 10, and 5 mg/kg on days 2-9). On day 11, the
mice were injected intraperitoneally (i.p.) with oxytocin
(100 U/kg) to induce dysmenorrhea (Peng et al. 2020). On
days 4 to 10, SG was administered corn oil (0.5 mL), IG
was administered ibuprofen (100 mg/kg) and corn oil (0.5
mL), Curl00 was administered curcumin 100 mg/kg and
corn oil (0.5 mL), Cur200 was administered curcumin 200
mg/kg and corn oil (0.5 mL), and Cur400 was administered
curcumin 400 mg/kg ad 0.5 mL corn oil. Each drug was
administered twice daily by oral gavage. On day 11, a
writhing response was observed within 30 min of oxytocin
injection (Liu et al. 2022; Peng et al. 2020; Yu et al. 2019).
Writhing response is the key indicator of pain in the
primary dysmenorrhea model (Yang et al. 2015).

EXAMINATION OF VAGINAL SMEAR

Vaginal smears were prepared using the dab method with
a cotton bud. The cotton bud was dipped in 0.9% sodium
chloride (NaCl) and the tip was inserted into the vaginal
opening of the mice and rotated slowly. The tip of the
cotton bud was then applied to an object glass that had been
dabbed with 0.9% NaCl solution, and a thin and evenly
distributed smear was prepared. The preparation was fixed
using 70% alcohol for 5 min and stained with 1% Giemsa
dye for 2 min to color the vaginal smear. The preparations
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were then washed under running distilled water and
dried. After drying, the preparations were observed under
a stereomicroscope at 400 x magnification (Sulastri,
Wiratmini & Suriani 2014).

EXAMINATION OF PLC EXPRESSION AND TRPV1
EXPRESSION

PLC and TRPVI1 expressions were examined using
immunofluorescence. The immunofluorescence
examination procedure included: 1) Tissue slides (5-7 pm
thick) were heated at 60 °C for 60 min. They were then
sequentially immersed in xylol solution (2 % 10 min),
absolute alcohol (2 x 10 min), 90% alcohol (1 x 5 min), 80%
alcohol (1 x 5 min), 70% alcohol (1 % 5 min), and sterile
aquades (3 x 5 min); 2) Antigen retrieval was performed
using citrate buffer. Slides were submerged in a pH 6.0
buffer citrate chamber and heated for 20 min at 95 °C in a
water bath. The slide was removed from the water bath and
allowed to cool to room temperature for approximately 20
min; 3) Phosphate-buffered saline (PBS) was used to wash
the slides three times for 5 min; 4) Following that the slides
were washed with 0.1% Triton-X 100 PBS for 1 X 5 min;
5) Slides were incubated with 1% bovine serum albumin
(BSA) for 30 min at room temperature; 6) The BSA solution
was removed; 7) The prepared sample was incubated with
primary antibody overnight, at 4 °C. Primary antibodies for
PLC expression were mouse monoclonal anti-CGRP (4901)
(sc-57053, Santa Cruz Biotechnology, Inc.) and rabbit anti-
PLC gamma 1 (Tyr783) polyclonal antibody (bs-3343R,
Bioss Antibodies). For TRPV1 expression examination,
the following antibodies were used: Rat CGRP polyclonal

antibody monoclonal anti-CGRP (4901): sc-57053, Santa
Cruz Biotechnology, Inc, TRPV1 polyclonal antibody
(PA1-29770, Thermo Fisher Scientific); 8) The prepared
sample was washed with PBS for 3 % 5 min; 9) Incubated
with secondary antibody. For PLC examination goat anti-
rabbit immunoglobulin (Ig) G H & LTIRTC (AB6718,
ABCAM, Red) and anti-mouse FITC were used (Abcam,
Green) for CGRP; TRPV1 examination was performed
using anti-mouse FITC (Abcam, Green) and goat anti-
rabbit IgG H & LTIRTC (AB6718, ABCAM, Red) for
CGRP, 1:1000, for 30 min at room temperature; 10) The
slides were washed with PBS for 3 x 5 min; 11) Incubated
with 4',6-diamidino-2-phenylindole 1:1000 for 5 min; 12)
Washed with PBS for 3 x 5 min; 13) Covered with mounting
medium and cover glass; 14) Observed with fluorescence
microscope (Olympus [X71, Japan).

DATA ANALYSIS

Data were analyzed using the One-way analysis of variance
statistical test and the Tukey test to determine differences
between groups with a significance level of a<0.05 by
using SPSS version 26.0.

RESULTS AND DISCUSSION

CURCUMIN IMPROVED PLC EXPRESSION OF NEURONAL
MYOMETRIUM

Average PLC expression and the effect of curcumin on
the myometrial nerve in a dysmenorrhea mouse model
are presented in Figure 1. The expression of PLC in the
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FIGURE 1. Effect of curcumin on phospholipase C expression in
myometrial nerves in primary dysmenorrhea model



myometrial nerves of primary dysmenorrhea model mice
was assessed using double immunofluorescence staining
(Figure 2).

The highest average PLC expression was observed in
the SG group (51.52), and the lowest was observed in the
Cur400 group (27.31). The Cur100 group had an expression
of 33.98, the 1G group had 32.31, and the Cur200 group
demonstrated 28.50. Significant differences were observed
in PLC expression across all groups compared to that in
the SG group (p<0.05). The effect of curcumin was not
significantly different from that of ibuprofen (p>0.05).
This indicated that curcumin administration improved
PLC expression in myometrial nerves in the primary
dysmenorrhea model.

The main polyphenol naturally occurring in the
rhizomes of Curcuma longa (turmeric) is called curcumin
(Kaur et al. 2024). Curcumin is non-toxic and has various
therapeutic properties, including antioxidant, analgesic,
anti-inflammatory, and antiseptic activities (Dewi et al.
2024). Clinical evidence has demonstrated that curcumin
has analgesic and anti-inflammatory effects (Pichardo et
al. 2020). The anti-inflammatory and neurotransmitter-
modulating properties of curcumin reduce the severity of
premenstrual syndrome symptoms (Khayat et al. 2015).
Moreover, curcumin is also effective in reducing the
duration and intensity of menstrual pain (Khayat et al.
2015; Tabari et al. 2020). The results showed that curcumin

DAPI CGRP
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Cur400

PLC CGRP/PLC
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effectively improved PLC expression in the myometrial
nerves of mice with primary dysmenorrhea.

Increased levels of prostaglandins and leukotrienes
cause uterine contractions and result in ischemia by
reducing the blood supply to the myometrium, causing
primary dysmenorrhea. Additionally, they increase the
sensitivity of peripheral nerves, lowering the pain threshold,
resulting in pain (Harel 2012). Prostaglandin receptors
activate protein kinase A (PKA), PLC, and PKC which
leads to an increased influx of Ca?" and Na®, the release of
intracellular Ca*", and the inhibition of K* influx (HelloBio
2022). PLC is a cytoplasmic protein that regulates the
levels of phosphatidylinositol-4,5-bisphosphate (PIP2)
in cells by localizing inside or outside lipid rafts in the
plasma membrane and catalyzing the hydrolysis of the
phosphorylated form of phosphatidyl inositol in response to
cellular stimuli (Kadamur & Ross 2013). Additionally, PLC
cleaves PIP2 to produce diacylglycerol (DAG), activating
PKC, and inositol-1,4,5-trisphosphate (IP3). IP3 in the
endoplasmic reticulum induces the release of Ca*" from
intracellular stores within organelles (Bill & Vines 2020).
PKC phosphorylation leads to a decrease in the activation
threshold of TRPV1 channels; consequently, opening the
channels, leading to Ca*" and Na® influx. The influx of
Ca* and Na* as well as the release of intracellular Ca**
causes intracellular Ca?* to rise, resulting in pain excitation
(HelloBio 2022). PKC plays a major role in TRPVI
sensitization, with PKC-induced TRPV1 phosphorylation

DAPI/CGRP/PLC

SG, sham group; IG, ibuprofen group; Curl00, first treatment; Cur200, second treatment; Cur400,
third treatment. Representative immunofluorescence staining of the myometrial nerves with
4',6-diamidino-2-phenylindole (blue), calcitonin gene-related peptide (green), and PLC (red)

FIGURE 2. Immunofluorescence double staining for examination of
phospholipase C (PLC) expression in myometrial nerves
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enhancing responses to capsaicin, acid, and heat. The three
major PKC phosphorylation residues in the rat TRPV1
were S502, T704, and S800. TRPV1 S800 is a polymodal-
sensitizing residue. Phosphorylation of TRPV1 S800 may
alter the modulatory capacity of the C-terminal domain,
resulting in hypersensitivity to polymodal stimuli (Wang
et al. 2015).

The results showed that curcumin effectively improved
PLC expression in myometrial nerves in the primary
dysmenorrhea model. The least improvement in PLC
expression was observed in the Cur400 group, followed
by the Curl00, PG, and Cur200 groups. The mechanism
of action of curcumin in reducing PLC may be mediated
through anti-inflammatory pathways and direct suppression
of PLC. The anti-inflammatory effects of curcumin are
mediated through the inhibition of cyclooxygenase-2
(COX-2), lipoxygenase (LOX), and inducible nitric
oxide synthase (iNOS) (Menon & Sudheer 2007; Park
2010). Curcumin inhibits prostaglandin E2 production by
suppressing the upregulation of COX-2 (Moriyuki et al.
2010). This pathway involves the mechanisms underlying
the anti-inflammatory and analgesic effects of ibuprofen.
However, we were unable to confirm the COX-2 expression
in this study.

COX-2 is a key factor that regulates prostaglandin
synthesis (Marjoribanks et al. 2015). Curcumin inhibited
COX-2, thereby decreasing prostaglandin production. A
decrease in prostaglandins also reduces PLC activation
by prostaglandin receptors, resulting in a decrease in the
entry of Ca*" and Na*, as well as a reduction in intracellular
Ca*" release. The decrease in intracellular Ca*" reduces
pain excitation, thereby lowering pain perception. In this

study, the dysmenorrhea model group with the lowest
PLC expression was the Cur400 group compared to the
expression in the groups administered Cur100 and Cur200.
The findings of this study are supported by outcomes of
the previous research, which states that the administration
of curcumin can weaken the inflammatory response in
acrolein-induced human endothelial cells by inhibiting
COX-2 expression and prostaglandin synthesis (Lee et
al. 2020) and significantly decrease the average PLC
expression in a diabetic rat model induced by STZ injection
(Fattah et al. 2020). Curcumin attenuates pain-related
neurotransmitters (substance P [SP]) and suppresses
immune responses and prostaglandin E2 synthesis by
suppressing COX-2, modulating purinergic and chemokine
receptors, and activating the opioid system (Uddin et al.
2021).

CURCUMIN IMPROVED TRPV1 EXPRESSION OF
NEURONAL MYOMETRIUM

Average TRPV1 expression and the effect of curcumin on
the myometrial nerve in the dysmenorrhea mouse model
are presented in Figure 3. The expression of TRPV1 in the
myometrial nerves of mice with primary dysmenorrhea
was examined using double immunofluorescence staining
(Figure 4).

The highest mean TRPV1 expression was observed in
SG (65.63), followed by Cur 100 (40.93), Cur200 (35.65),
Cur400 (33.21), and 1G (32.96). A significant difference
was noted in TRPV1 expression in all groups compared
with that in the SG group (p<0.05). The effect of curcumin
was not significantly different from that of ibuprofen
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FIGURE 3. Effect of curcumin on transient receptor potential vanilloid
1 expression in myometrial nerves in primary dysmenorrhea model
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TRPV1 CGRP/TRPVI  DAPI/CGRP/TRPV1

SG: Sham group, IG: Ibuprofen group, Curl00: First treatment group, Cur200: Second treatment
group, Cur400: Third treatment group. Representative immunofluorescence staining of myometrial
nerves with 4,6-diamidino-2-phenylindole (blue), calcitonin gene-related peptide (red),

and TRPV1 (green)

FIGURE 4. Immunofluorescence double staining for examination
of transient receptor potential vanilloid 1 (TRPV) expression in
myometrial nerves

(p>0.05). This suggests that curcumin administration
improves TRPV1 expression in myometrial nerves in a
primary dysmenorrhea model.

The results confirmed that curcumin effectively
improved TRPV1 expression in myometrial nerves in the
primary dysmenorrhea model. TRPV1 is expressed in all
sensory ganglia (dorsal root ganglia [DRG], trigeminal
ganglia [TG], vagal ganglia, and nodose ganglia) and in
the terminal portion of free afferent nerve Ad and C fibers,
which may contain various neuropeptides including SP
and/or CGRP (Jara-Oseguera, Simon & Rosenbaum 2010).
Furthermore, TRPV1 plays a role in various pathologies,
making this channel protein a formidable therapeutic
target for pain management drugs (Jara-Oseguera, Simon
& Rosenbaum 2010). Curcumin may also inhibit visceral
nociception via TRPV1 antagonism (Zhi et al. 2013). The
vanilloid moiety of curcumin is believed to be important
for the activation of TRPV1, which plays a significant
role in nociception (Yeon et al. 2009). The lowest TRPV1
decrease was noted in the primary dysmenorrhea mouse
model treated with Cur400.

The results of this study are consistent with those
of previous studies, which showed that curcumin blocks
capsaicin-induced TRPV1 activation. This suggests that
curcumin inhibits TRPV1-mediated pain hypersensitivity

(Yeon et al. 2009). In addition, a study conducted by Yang
et al. (2017) on visceral hyperalgesia and inflammation in
a rat model of ulcerative colitis demonstrated that the oral
administration of curcumin relieved visceral hyperalgesia
in rats with dextran sulfate sodium-induced colitis. The
anti-hyperalgesic effect was partly mediated by the
downregulation of colonic expression and phosphorylation
of TRPV1 on afferent fibers projecting from peptidergic
and non-peptidergic nociceptive neurons of the dorsal root
ganglion.

Curcumin is a natural product that is well-tolerated
with minimal or no toxicity during short- and long-term use
(Verma et al. 2017). The therapeutic efficacy of curcumin
against nociceptive inflammation and neuropathic pain has
been reported in several animal models (Dasuni Wasana et
al. 2022). In humans, curcumin exhibits an antinociceptive
effect and is safe even at very high doses (Lee et al. 2013).
Curcumin has been reported to decrease mean PLC in a
diabetic rat model (Fattah et al. 2020), meanwhile, also
activating, sensitizing, and inhibiting TRPV1 expression.
These effects may contribute to the antinociceptive and
anti-inflammatory properties of curcumin (Nalli et al.
2017). TRPV1 responds to capsaicin at high temperatures,
affecting the thermal sensation and pain signal transmission
(Kwon et al. 2021).
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The results demonstrated that curcumin effectively
improved the expression of PLC and TRPV1 in myometrial
neurons. PLC mediates the transduction of neurotransmitter
signals across the membrane via hydrolysis of PIP2, which
produces the secondary messengers IP3 and DAG. Low
PLC levels result in low levels of IP3 leading to impaired
Ca’" release, as well as low intracellular Ca*" levels. Thus,
failing to perform normal neuronal function in the cerebral
cortex and cerebellum (Kumar et al. 2010). DAG activates
PKC, whereas, phosphorylation of PKC reduces the
activation threshold of TRPV1 channels, causing Ca*" and
Na* influx as TRPV 1 channels open. The influx of Ca*" and
Na* and the release of intracellular Ca*" lead to an increase
in intracellular Ca*". Consequently, pain excitation occurs,
leading to an increase in pain intensity (HelloBio 2022).

Low expression of PLC and TRPVI in this study
reduced Ca*" release and decreased intracellular Ca**
levels, thereby decreasing pain sensitization. This
suggests that curcumin can reduce pain sensitization in
myometrial neurons in a primary dysmenorrhea model.
The results of this study are supported by those of previous
research, which demonstrated that curcumin produces an
antinociceptive effect by decreasing PLC expression in the
cerebral cortex and cerebellum of diabetic rats (Kumar et
al. 2010) and by directly blocking TRPV1 in the TG and
DRG of mice (Yang et al. 2018; Yeon et al. 2009).

The strength of this study is that it is the first to
elucidate the mechanism by which curcumin reduces
pain sensitization in primary dysmenorrhea. Decreased
expression of PLC and TRPVI following curcumin
treatment explains the decrease in pain sensitization. In
dysmenorrhea, PLC and TRPV1 play key roles in pain
desensitization. A limitation of this study is that the pain
sensitization process likely occurred through mechanisms
beyond just PLC and TRPV1. No other pathways for pain
sensitization were observed in this study. In the future,
research to confirm pain sensitization through the PKA
and PKC pathways in a dysmenorrhea model will be
necessary. Given the effects of large doses of curcumin
on the desensitization of myometrial neurons, considering
modifications to the delivery system for orally administered
curcumin is necessary. Curcumin has a potential synergistic
effect in improving PLC and TRPV1 in a dysmenorrhea
model; therefore, curcumin should be considered in further
investigations when co-administered with conventional
medicine.

CONCLUSION

The interactions of curcumin with the TRPV1 and PLC
pathways play crucial roles in its antinociceptive and
modulatory effects on pain perception. This interaction
influences the activity of TRPV1 channels, which are
sensitive to PLC-mediated signaling. Notably, curcumin
modulates TRPV1-mediated synaptic responses by
activating the PLC pathway, which can serve as a potential
antinociceptive agent.
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