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Background: Primary dysmenorrhea (PD) is one of the most common complaints in women of childbearing age. Therefore, this trial
aimed to assess the efficacy and safety of low-power visible-light-activated photodynamic therapy (PDT) in the treatment of primary
dysmenorrhea (PD), and to further investigate their possible mechanisms of action.

Methods: This study was conducted by using a multicenter, randomized, open, parallel control design. Qualified subjects are
randomly assigned to two groups: Group A (low-power visible-light-activated PDT group), Group B (placebo group) and are treated
with corresponding protocols for three consecutive menstrual cycles. Baseline data are collected during the trial period. Changes in the
scores of VAS scales and the fluctuation of pain factors (PGE2, PGF2a) are recorded before and after the treatment for each group.
A comparison of effectiveness in pain control and symptom control is made among the two groups.

Results: After treatment, for the PDT group, the scores of VAS scales decline compared with the scores before treatment. The level of
pain factors including PGE2 and PGF2a also drops significantly (P < 0.05). There are no serious adverse events during the study.
Conclusion: Low-power visible-light-activated PDT is a new type of treatment for primary dysmenorrhea which is safe, effective and
does not affect normal pregnancy preparation. It may exert its therapeutic effect by adjusting downward the level of PGE2, PGF2a. in
the body. These factors can be used not only to study the treatment mechanism for primary dysmenorrhea, but also to serve as
quantitative indicators for objective assessment of whether dysmenorrhea is relieved.

Keywords: primary dysmenorrhea, low-power visible-light-activated photodynamic therapeutic device, prostaglandins E2,
prostaglandins F2alpha

Background
Primary dysmenorrhea (PD) is one of the common gynecological problems that tortures many women. Normally, it is
a clinical syndrome without any organic pathology but usually manifests itself in periodic pain in the lower abdomen
before, during or after menstruation. In some cases, waist pain, heaviness and distension in the lower abdomen, coldness
of limbs, nausea, emesis, dizziness and weakness may also occur besides abdominal pain. In severe cases, diarrhea,
paleness may occur and even syncope due to severe pain. According to statistics, the incidence of PD is as high as 45%-
95%," which seriously affects women’s physical and mental health. The female students in high schools, colleges and
universities may suffer from absenteeism or loss of concentration in the lessons and fatigue.'

At present, NSAIDs and oral contraceptives are commonly used as the first and second-line treatment for PD. However, not all
patients have a tolerance to the adverse effects of NSAIDs and oral contraceptives.” Sometimes the application of these two types
of medicines is also restricted by cultural factors. The pathogenesis of PD mainly involves the release of PGs, in which PGF2a,
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PGE2, AVP, OT, ET, NO, and B-EP directly or indirectly affect the synthesis and secretion of prostaglandins, which causes spastic
contractions of the uterus.” This is the essence of dysmenorrhea. Therefore, reducing the synthesis and secretion of prostaglandins
and suppressing uterine contractions have become important thoughts to treat the disease. According to conventional Chinese
medicine, PD is derived from Qi-stagnation and blood stasis syndrome.” In contrast to western pain killers which usually act on
a single pathway, TCM has a significant effect on pain perception through a holistic regulation of the human body with multiple
components and targets.” Low-power visible-light-activated photodynamic therapeutic devices (referred to as PDT devices),
which combine low-power visible-light therapy and TCM acupoint stimulation, are a new technology to treat PD. It can reduce the
pain and effectively relieve dysmenorrhea symptoms. Another reason for the need for new PD treatments is the lack of relief from
NSAIDs and hormonal therapies. However, no relevant studies have so far explored its possible mechanism of action. This study,
in addition to VAS, assesses the effectiveness and safety of PDT devices in PD treatment. Furthermore, by comparing the level of
PGE2 and PGF2a in the peripheral blood of the subjects before and after treatment, the study also explores the possible
mechanisms of action of PDT devices in treating PD.

Data and Methods
Study Design and Participants

The study was a multicenter, prospective, randomized, double-blind, placebo-controlled trial aiming at evaluating the
efficacy and safety of PDT on PD management. The study protocol was reviewed and approved by the Institutional
Review Board of eight participating hospitals (No.ZS-1913) and it has been registered on ClinicalTrials.gov
(NCT03953716). Participants were recruited from seven provinces in China from March 2019 to August 2020 and
written informed consent was obtained from each participant. This study complies with the Declaration of Helsinki.'

Patients aged 18 to 35 years old with informed consent, diagnosed with PD, and with regular menstrual cycles (21-35
days), were eligible for the current study. The exclusion criteria are as follows: (1) had known pelvic pathologies that
potentially caused secondary dysmenorrhea including endometriosis, pelvic inflammatory disease, adenomyosis, uterine
fibromatosis, intrauterine devices, chronic abdominal pain, and ovarian cysts; (2) use of any analgesic or hormonal agents
that could interfere with the outcomes within 12 weeks preceding enrollment; (3) had a concurrent neuropathologic disease,
anemia, immunodeficiency, or dysfunction in liver and kidney; (4) had an addiction for alcohol, drugs or cigarette.

A power analysis (two-sample #-test, performed in PASS software) showed that a sample size of 137 women would
detect a difference in pain reduction of 2 points weighed by the visual analog scale (oo = 0.05 and 1— = 0.90). Thus, with
a 15% of dropout rate, a total of 156 participants were needed in this trial (78 patients in each group).

Interventions

The study adopts a multicenter, randomized, open, parallel control design. The subjects are randomly assigned to two
groups in the ratio of 1:1, according to their randomly selected numbers, namely Group A (low-power visible-light-
activated PDT group, referred to as PDT group) and Group B (placebo group). Then the corresponding treatments were
given to different groups for the assessment and comparison of clinical efficacy and safety of PDT devices. Further
studies on the possible mechanism of action of PDT devices were carried out.

Primarily, the usage of PDT devices could be described as: Download the Eospal Yuban mobile APP. Ensure that the
device is fully charged. Make the medical gel patches ready (wipe them with alcohol wipes after each use so that they can
be reused next time). Locate the right acupoint according to the acupoint map. Secondly, the steps of PDT device usage
could be described as: Stand straight or lie down on the back. Put the medical gel patches on the acupoints of “Qihai” and
“Guanyuan”. Connect the main unit and the light sensor. Attach the light sensor to the patches. Power the main unit up.
Start the “Eospal Youban” APP on the mobile phone and enter the treatment module. Turn on the Bluetooth of the mobile
phone. Search and pair the phone with the PDT device. Click “Start” on the APP interface to start the treatment. Thirdly,
the back-stage monitoring could be accomplished in the following way: The APP automatically displays the treatment
time. If the connection between the APP and the PDT device is broken, the APP, after reconnecting, directly displays the
remaining treatment time. The device automatically turns off at the end of the 20 min treatment and the APP returns to
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the start page. The use of the PDT device by the subjects in Group A is monitored by Shenzhen Guangpu Medical Co.,
Ltd and all data is collected for the researcher to track the use closely and urge the subjects to use the device as required.

Treatment Protocols for Group A are stated as: Start to use the PDT device after the end of previous menstruation. Once
a day for 20 minutes for 5 days (one treatment cycle). Start the next treatment cycle at a 2-days interval. Repeat it until the
next menstruation. Use it for 3 menstrual cycles. Treatment Protocols for Group B are given here: Placebo 3.5 g BIDx10
d (taken for 10 days starting from 3-5 days before menstruation) x 3 menstrual cycles. Take the medicine with warm water.

Measurement and Endpoints

As the primary outcome, the pain intensity of dysmenorrhea was assessed on the 1st or 2nd day of menstruation using a 10-point
visual analog scale (VAS) ranging from 0 (no pain) to 10 (worst pain) at baseline and every 4 weeks for three consecutive
menstrual cycles. The pain intensity was ranked by VAS ratings, in which mild pain scored 1-3, moderate pain 4-6, and severe
pain 7-10.

Secondary Evaluation Indexes, ie the level of PGE2 and PGF2a in the peripheral blood before and after treatment
were quantified by enzyme-linked immunosorbent assay (ELISA) according to the manufacturers’ instructions (RENJIE
Biotech Inc., Shanghai, China). Blood samples were collected on the 2nd day of the menstrual cycle at baseline and week
12 of the treatment. The samples were centrifuged at 3000 revolutions per minute for 20 min, after which the
supernatants were stored at —80 °C. Serums were thawed at room temperature.

Statistical Analysis

Patients who completed the entire treatment and all study assessments were included in the statistical analysis. Data are
presented as mean =+ standard error of the mean (SEM). Repeated measures were used to analyse the VAS scores between
the groups. Basic characteristics, changes in biochemical factors, and uterine artery flow indices between groups were
compared using an independent sample #-test. A paired t-test was applied to determine the intra-group differences in
longitude comparison between basal values and endpoint results. Statistical analysis was conducted using SPSS version
26.0 (IBM, Armonk, NY, USA). Statistical significance was set at P<0.05.

Results

Demographic Characteristics

Under the supervision of the health professionals, a total of 201 patients were screened for eligibility, of whom 156
eligible patients were enrolled and randomized to either the placebo (n=78) or PDT group (n=78). Of these, 19 (12.0%)
participants were lost to follow-up, 137 participants (72 in PDT and 65 in placebo) completed the 12-week study and
post-treatment evaluation and were included in the full analysis. In the study entry, the subject characteristics of the two
groups matched well. The subject characteristics are demonstrated in Table 1.

Pain Scores
The absolute changes in VAS scores of all participants are shown in Table 2 and Figure 1. The PDT group showed a significantly
more pronounced reduction in VAS scores (p<0.001) compared with the placebo group. PDT’s effect on pain alleviation occurred
during the first cycle of treatment and persisted for the whole treatment course. Scores are shown in 6 sets as VAS 0, VAS 1, VAS 2,
VAS 3, VAS 4 and VAS 5. VAS 0 is for before treatment; VAS 1, 2 and 3 are for treatment after 1, 2 and 3 cycles respectively; VAS
4 and 5 are for 1 and 2 cycles respectively after treatment stops. The results are presented in Table 2.

The results show a marked change in VAS scores after treatment (P<0.05): VAS scores of the treatment group are markedly
lower than the control group (P<0.05). VAS scores after treatment stops are also markedly lower than those before treatment.

Biochemical Parameters

The absolute changes in the concentration of pain mediators are summarized in Figure 2. Compared with baseline values,
both groups demonstrated a significant decline in PGE2 and PGF2a, but the degree is more significant in the PDT group
than in the placebo group.
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Table | Characteristics at Baseline Between PDT Group and Placebo Group

Characteristics PDT Group Placebo Group p value
Age, yr 24.86+0.47 25.58+0.50 0.292
Height, cm 162.73£0.67 161.31£0.69 0.141
Weight, kg 53.15+0.86 53.54x1.42 0816
BMI, kg/m? 20.05+0.28 20.49+0.46 0415
Gravidity 0.11+0.05 0.29+0.10 0.113
Parity 0.01+0.02 0.09+0.04 0.166
Age at menarche, yr 12.93+0.14 13.06+0.16 0.539
Menstrual cycle, days 29.47+£0.42 29.65+0.34 0.742
VAS scores

All patients 5.19+0.28 5.35+0.32 0813
PGF2aq, pg/mL 44.611.16 45.28+1.50 0.770
PGE2, pg/mL 588.13+167.46 579.22+159.30 0.991

Note: Data are presented as mean + SEM or number (percentage).
Abbreviations: PDT, BMI, body mass index; VAS, visual analog scale; PGF2q, prostaglandin F2 alpha; PGE2,
prostaglandin E2.

Table 2 Changes in VAS Scores Before and After Treatment of the Two Groups

VASO0 VASI VAS2 VAS3 VAS4 VAS5
Control group (n=65) 54426 4422 | 41221 4.1£19 40422 41221
PDT group (n=72) 54427 42422° 34423 3114 3014 3.0+1.4°

Notes: Scores are shown in 6 sets as VAS 0, VAS |, VAS 2, VAS 3, VAS 4 and VAS 5. VAS 0 is for before treatment; VAS 1, 2 and 3 are for
treatment after |, 2 and 3 cycles respectively; VAS 4 and 5 are for | and 2 cycles respectively after treatment stops. For treatment after 1, 2, 3
cycles respectively, and for | and 2 cycles respectively after treatment stops. *Mesas p<0.01; For treatment after 2 and 3 cycles respectively with
for treatment | cycles, ®Mesas p<0.01.

The results show that PGE2 and PGF2a levels lowered significantly after treatment in the PDT group (P<0.05); PGE2
and PGF2a levels also lowered after treatment in the control group but they were not as significant as those in the

treatment group.
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Figure | Changes in VAS scores before and after treatment of the two groups. VAS: *¥p<0.01.
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Figure 2 Changes in PGE2 and PGF2a levels before and after treatment of the two groups. (n=65 for control group and n=72 for PDT group). **p < 0.01, *p < 0.05.

Discussions

The incidence of PD is as high as 45-95%." Due to its high incidence and periodical recurrence, PD has become one of
the major factors that interrupt and affect the physical, and mental health of adolescent and young reproductive-age
women, their family lives and social roles.* Therefore, how to treat PD safely and effectively has become an important
issue for PD patients and clinicians.

The pathogenesis of PD mainly involves the release of PGs, in which PGF2a, PGE2, AVP, OT, ET, NO, and B-EP
directly or indirectly affect the synthesis and secretion of prostaglandins, which cause spastic contractions of the uterus.
This is the essence of dysmenorrhea. Therefore, reducing the synthesis and secretion of prostaglandins and suppressing
uterine contractions have become important thoughts to treat the disease.

The study adopts a multicenter, randomized, open and parallel control design. Pain scales and pain-factors-related
biochemical indexes are used to assess and compare the clinical relief effects and biochemical index changes of PDT
devices. The study also compares the clinical efficacy and safety of different treatments and explores the possible
mechanisms of action of photodynamic therapy for PD. VAS is used for assessing different aspects. VAS, which directly
reflects the degree of pain is the most used method for quantitative pain assessment. Meanwhile, the result of pain-factors
-related biochemical indicators also shows the clinical effect of different treatment methods, in particular the PDT
devices for treating PD. By comparing the level of PGE2, PGF2a in peripheral blood before and after treatment, the
study further explores the possible mechanism of action of the PDT device.

There is no statistically significant difference among the groups before treatment. Three months after the treatment,
the pain relief efficiency of the PDT group becomes significantly higher than the placebo group. During the follow-up
investigation period, VAS scores of the PDT group continued to decrease before starting to increase. Meanwhile, the
score of the placebo group shows a constantly rising trend. PDT devices not only reduce the severity of PD-associated
symptoms but also shorten the duration of symptoms. In terms of safety, no adverse reactions are reported in the PDT
group throughout the study. PDT devices also demonstrate some long-term efficacy, which lasts for at least 1 to 2
menstrual cycles after the end of the treatment. Compared with oral drugs, the advantages of PDT include no allergic
reaction to drugs and no hepatic first-pass effect, good patient compliance, and no impact on patients’ normal preparation
for pregnancy and pregnancy itself. Its disadvantage is that it takes some time to complete the treatment, which is not as
convenient as oral medication. Regarding the mechanism of action, it is clear that clinical application of oral contra-
ceptives inhibits endometrial hyperplasia, reduces the quantity of menstrual blood and the release of PGs, and inhibits
ovulation, which helps relieve dysmenorrhea symptoms. There are relatively few studies on the mechanism of action of
TCMs. Different TCMs may exert their therapeutic effects through the same components and the same action pathways,
such as changing the level of PGF20,>® ET®’ NO® and B-EP,”* adjusting platelet-activating factors,’ and inhibiting
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cyclooxygenase and lipoxygenase’ in the body. However, if searching for studies on PDT devices for PD treatment, the
only result is the study carried out by Zhang Jie’s team which is also the first of its kind. They compare the PDT group
with a blank control group and find that PDT devices not only reduce the pain level but also relieve dysmenorrhea
symptoms, which is consistent with the result of this study. The researchers of Zhang Jie’s team believe that the
irradiation of visible light with a specific wavelength on the acupoints of Qihai and Guanyuan located below the navel
facilitates the synthesis and release of NO in the uterine, thereby relieving dysmenorrhea. However, it’s unfortunate that
the study does not further explore the mechanism of action of PDT devices.

So far, the pathogenesis of PD is thought to be mainly related to PGs. The lower abdominal pain and discomfort,
nausea, vomiting, lumbosacral and thigh pain and other associated symptoms in PD patients are similar to the side effects
caused by the clinical use of PGs. It shows that the occurrence of PD is closely related to PGs, PGF2a in particular,
which not only causes effective contraction of uterine blood vessels and muscle layers but also enhances the sensitivity of
nerve endings to pain in PD patients by lowering the threshold for pain perception.'®'' During menstruation, the
endometrium falls off as a result of the decline of estrogen level, which releases a large amount of PGs into the blood
causing uterine contraction that increases intrauterine pressure and a decrease in uterine blood supply. Ischemia and
hypoxia of the myometrium and endometrium'? are thus triggered, releasing even more PGs and aggravating painful
spasms. In this process, the interaction of OT, AVP and PGs determines the occurrence of dysmenorrhea. AVP, which has
similar effects as estrogen, not only enhances the contraction of the uterus and small blood vessels but also increases the
sensitivity of the uterus to OT and facilitates the synthesis and release of PGs.'* The increase of PGs not only aggravates
uterine contraction but also amplifies the expression of epinephrine and increases the sensitivity of the uterus to OT,"?
which enables OT to connect with its receptor and play its role. The connection of OT with the receptor of contraction
hormone directly induces contraction of uterine myocytes and indirectly activates the phosphatidylinositol cycle and
stimulates the synthesis and release of PGF20.'* On the other hand, NO, ET, and B-EP also have an impact on the
occurrence of PD through other pathways. NO has double effects.'” The increase of NO helps soothe the pain while its
decrease facilitates the transmitting of the pain messages. During menstruation, the oxidative stress response and the
increase of inflammatory mediators in the body cause damage to vascular endothelial cells, triggering a decline of
vasodilators such as NO and an increase of ET with vasoconstrictor effect and thromboxane A2, which prompt
vasospasm.'® However, the occurrence of dysmenorrhea is not only attributed to internal secretion, but also the
psychological and social conditions of the subjects.'® During menstruation, due to the fluctuation of hormone levels
and the increase of inflammatory mediators, some women may experience negative moods such as anxiety and tension,
which in turn increase their pain sensitivity. The fact that B-EP stimulates the release of opioids, inhibits the transmission
of pain factors and helps adjust the function of the uterus'’ makes it a key factor in improving the patients’ mood and
soothing their pain. In conclusion, these factors are closely related to the occurrence of primary dysmenorrhea. It is also
speculated that dysmenorrhea-associated discomfort may be relieved by decreasing the level of PGE2, PGF2a, ET, OT,
AVP and increasing the level of NO and B-EP.

By comparing the level of PGE2, PGF2a in the peripheral blood before and after treatment, the study further
explores the possible mechanism of action of the PDT device. It, to some extent, confirms the conclusion that PDT
devices do work as described by Zhang Jie’s team. Chinese researchers believe that acupoints are complexes of skin,
muscle and nerves that are densely innervated and prone to be easily excited. The two acupoints of “guanyuan” and
“qihai” are the principal ones for treating PD using acupuncture, moxibustion and acupoints massage. A large number
of studies have shown that stimulating these acupoints with acupuncture or moxibustion has a positive therapeutic
effect on relieving PD-related discomfort. The exposure of the two acupoints of “qihai” and “guanyuan” located
below navel to the low-power visible light produced by PDT devices stimulates uterine tissue cells, soothes uterine
smooth muscles, restores uterine tissue blood circulation and enhances the metabolism of damaged uterine muscle
cells,?® thus relieving the pains of dysmenorrhea. It is noteworthy that the study also finds significant changes in
PGE2, PGF2a levels in the peripheral blood of the subjects in the PDT group, which indicates that the PDT device
can relieve dysmenorrhea by adjusting downward the level of these factors. Besides stimulating acupoints by visible
light, the PDT device can also exert its efficacy through a mechanism of action similar to that of partial heat therapy.
When visible light irradiates the acupoints in the lower abdomen, light energy is converted to heat energy after
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a certain period. The heat thus produced dilates part of the blood vessels in the lower abdomen, increases blood

supply,! 18
uterine spasm, thus relieving dysmenorrhea in ways similar to that of partial heat therapy.

produces a sense of thermal comfort'® and relieves part of the muscle tension and the pain induced by

The result of the placebo group in the study also shows some degree of improvement and long-term efficacy. The
subjects in this group believe that they have received active treatment and are psychologically comforted and supported.
Their tension and anxiety during menstruation are thus relieved, which helps relieve their subjective feeling of pain. The
placebo effect fully shows that psychological factors are one of the important factors triggering dysmenorrhea-related
discomfort during the menstrual period.'’

Conclusions

In summary, patients with PD can benefit from the administration of PDT by a more pronounced reduction in pain
intensity. With inhibition of PGE2 and PGF2q, its therapeutic effect seems to be associated with a synergistic combina-
tion of vasoconstrictors and neurological stress hormone.

Limitations of the Study

Further investigation into the molecular mechanism of PDT behind pain attenuation must be investigated and it may
provide a profound foundation for its clinical use as an alternative therapy for PD. In addition, it is needed to justify the
discrepancies between the active and control conditions. Creating a control condition for this type of intervention is very
difficult, but the designers of the study must attempt to standardize most elements of the two treatments, including the
timing of treatment events across the cycles, and modality (ie, a large difference between taking a pill and having
electrodes placed on the abdomen and activated (or not in the case of a control condition) by an App). Finally, how were
these two treatment groups explained to participants?
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