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Objective. Primary dysmenorrhea (PD) is a common and high incidence disease in gynecology, which seriously affects the quality
of life in young women. Our previous study found that mild moxibustion could treat abdominal pain of PD patients, but the
mechanism is still unclear. Therefore, this study aims to partly investigate the treatment mechanism of moxibustion for PD,
especially on uterine microcirculation. Methods. Forty 3-month-old Sprague Dawley female rats were randomly divided into four
groups, including group A (saline control group, n =10), group B (control plus moxibustion group, n =10), group C (PD model
group, n=10), group D (PD. model plus moxibustion group, n=10). The PD rat model was established by injecting estradiol
benzoate and oxytocin. Mild moxibustion on Sanyinjiao (SP6) and Guanyuan (CV4) acupoints was once a day, 20 minutes per
time, for 10 consecutive days. A vaginal smear was used to test the estrous cycle of rats. Uterine microvascular thickness was
observed by stereomicroscope. And we detected the content of prostaglandin F,, (PGF,,) and prostaglandin E, (PGE,) in uterine
tissue by enzyme-linked immunosorbent assay. Results. Mild moxibustion can enlarge the microvessels, improve the micro-
circulation disturbance, and relieve the swelling of the uterus in PD rats. During the mild moxibustion intervention, the contents
of PGF,, and PGE, in uterus issues were synchronous increases or decreases and the changes of PGE, were more obvious, but the
changes of uterine microvasculature and morphology caused by the decrease of PGF,, were greater than PGE,. Conclusion. Mild
moxibustion at SP6 and CV4 acupoints may relax uterine microvascular obstacle by reducing the content of PGF,, in uterine
tissue, improve the microcirculation disorder, and then alleviate the PD rat’s uterine swelling.

1. Introduction

Primary dysmenorrhea (PD) is defined as pain occurring
with menses in the absence of pelvic pathology [1, 2]. Pa-
tients may suffer lower backache associated with painful
menstruation, a condition more pronounced in women
whose uterus is in the retroflexed position [2, 3]. The pain
typically lasts for 8-72 h and is most severe during the first or
second day of menstruation [3, 4]. PD is always accompa-
nied by symptoms such as nausea, vomiting, diarrhea, fa-
tigue, and insomnia. There is considerable variation in the
prevalence of dysmenorrhea, depending on the definition
used: 45-72 percent of all women and 43-93 percent of

adolescent girls experience the condition [2]. Women with
PD have lower quality of life (QOL) score because of re-
current abdominal pain, general health condition, and
physical and social dysfunctions [5-7]. At present, it is
treated with nonsteroidal anti-inflammatory drugs
(NSAIDs) or oral contraceptive pills (OCPs), both of which
work by reducing myometrial activity. However, these
treatments are accompanied by renal and gastrointestinal
side effects [3, 4]. Our goal of treatment is to provide ad-
equate pain relief and reduction of symptoms with the least
adverse effects [8].

Moxibustion is a traditional method of burning moxa
sticks (usually made from herbal preparations containing
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Artemisia vulgaris) near an acupoint to cause a warm and
painless sensation [9]. Moxibustion showed desirable merits
in managing menstrual pain [10-16], given their treatment
effects and economic costs. However, the mechanisms of
action of moxibustion therapy are still largely unknown [17].
The factors are likely to be concluded as follows: tempera-
ture, infrared radiation, smoke, odor, and the type of moxa
[18]. Many clinical and experimental studies have shown
that moxibustion stimulation applied to the SP6 or CV4
acupoints (Sanyinjiao and Guanyuan moxibustion point)
performed well in the treatment of pain induced of primary
dysmenorrhea [10, 19-23]. SP6 and CV4 points are common
compatibility schemes for the treatment of PD [24, 25]. The
supporting degree of acupoint selection and compatibility is
as high as 53.33%. Abaraogu et al. [26] found that pressing
the SP6 acupoint can effectively relieve PD pain and reduce
anxiety. However, the curative mechanisms of moxibustion
remain poorly understood, which limits the application of
moxibustion on a larger scale.

The pathogenesis of PD is still unclear, including ab-
normal uterine contraction, endocrine factors, nerve and
neurotransmitter, and mental factors [27]. Uterine micro-
circulation disturbance is one of the main pathogenesis of
dysmenorrhea [28]. The pathophysiology of primary dys-
menorrhea is likely a result of the cyclooxygenase pathway
producing increased prostanoids, particularly prostaglan-
dins (PGs) [27]. Prostaglandin content plays an important
role in the pathogenesis of PD. Further literature studies
have found that excessive secretion of prostaglandins in the
uterus was considered to be one of the main causes of
dysmenorrhea pain [1, 29, 30]. The content of PGs in the
endometrium of dysmenorrheal patients is higher than
healthy women, and PGF,,/PGE, is significantly greater as
well. Fajrin et al. found that the greater the pain intensity
score, the higher the levels of PGF,, [31]. The increased
production or unbalanced levels of PGs (PGF,, and PGE,)
create pain due to increased uterine contractility, decreased
uterine blood flow, and increased sensitivity of peripheral
nerves [32]. The uterine cavity pressure increases and the
uterus wall blood flow reduces, so the microcirculation gets
disordered and finally causes dysmenorrhea [33, 34]. Li
et al.’s study [35] has shown that immediate acupuncture of
SP6 may improve the uterine microcirculation disturbance
through the nerve reflex pathway to the uterus, affect the
synthesis and release of prostaglandins in the endometrium,
and realize the analgesic effect. A previous study [36] has
also shown that acupoint catgut embedding SP6 and CV4
can regulate the level of PGF,, to treat PD.

At present, the research about moxibustion on PD in
traditional Chinese medicine focuses on the regulation of
endocrine hormones, immune function, nerve-related fac-
tors, improvement of uterine microcirculation, and other
aspects. Our previous study demonstrated that moxibustion
at the SP6 and CV4 acupoints can regulate the high resis-
tance and low flow state of uterine microcirculation in PD
patients to relieve pain [20]. It is not clear whether mox-
ibustion can improve the microcirculation and shape of the
uterus to relieve pain by regulating the balance of PGF,,/
PGE,. Hence, this study aimed to investigate the effect and
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mechanism of moxibustion on SP6 and CV4 acupoints on
the release of PGF,,/PGE, and the regulation of uterine
microcirculation.

2. Materials and Methods

2.1. Ethical Statement. Animal care and experimental pro-
cedures used in the current study were filed and supervised
by the animal experimental center of Chengdu University of
traditional Chinese medicine (ethics no. 2019-13). This study
was carried out adhering to guidelines provided by the
National Institutes of Health for the Care and Use of
Laboratory Animals and all efforts were made to minimize
the suffering of animals.

2.2. Experimental Animals. Adult female Sprague Dawley
(SD) rats weighing 240+20g were purchased from the
Chengdu Dashuo experimental animal Co. (medical labo-
ratory animal certificate number: SCXK (Chengdu) 2015-
030). All the rats were kept in the Experimental Animal
Center of Chengdu University of Traditional Chinese
Medicine. The animal room was under controlled conditions
(temperature, humidity, and a 12-hour light-dark cycle).

2.3. Construction of PD Rats. Forty female SD rats were fed
adaptively for 7 days, and a vaginal smear was used to screen
the estrous cycles of rats for 7 days. During the experiment,
the typical four cycles of vaginal smear were observed
(Figure 1). Rats with regular estrous cycles were selected for
this study. According to the random number table, they were
divided into four groups, including group A (control group),
group B (control plus moxibustion group), group C (PD
model group), group D (PD model plus moxibustion group).
The rats of groups C and D were injected with estradiol
benzoate subcutaneously and intraperitoneal oxytocin to
establish the PD model [37]. The rats were in the estrus
period and began to inject estradiol benzoate. The rats were
injected subcutaneously with estradiol benzoate injection for
ten dagls (0.5 mg/day on the 1** and 10™ days, 0.2 mg/day on
the 274-9™ days), and 2 u per rat intraperitoneal injection of
oxytocin 1 hr after the last injection of estradiol benzoate.
Group A and group B rats were injected subcutaneously with
saline of the same volume as estradiol benzoate on the
1°-10" days. One hour after the last injection, they were
injected with the same volume saline of oxytocin. Group A
and group B were injected subcutaneously with the same
volume of saline as estradiol benzoate on the 1¥-10"™ days.
One hour after subcutaneous injection of saline on the 10™
day, the rats were injected intraperitoneally with the same
volume of 2 u saline as oxytocin [33, 35]. A flowchart of
experiment development is shown in Figure 2.

2.4. Evaluation of PD Model. After the completion of the
model building, observed the writhing times of every rat
within 20 minutes. The model rats showed twisting re-
sponses (abdominal contraction, concave, trunk, and hind
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(d)

FIGURE I: The regular vaginal smear of the typical rat estrus cycle. The cells of the different estrous cycles in rats were as follows: the small and
round nucleated epithelial cells were the main cells in the prophase of estrus. In estrus, irregular squamous epithelial cells predominate.
White blood cells, nucleated epithelial cells, and keratinized epithelial cells can be seen in the later stage of estrus, but the total number is
small. During the estrus, most of them were white cells, and a few of them were nuclear epithelial cells and keratinized epithelial cells.

(a) Propstrum. (b) Estrus. (c) Postestrus. (d) Diestrus.

limbs extension, one limb rotation, uterine contraction),
indicating that the PD rats model was successfully prepared.

2.5. Treatment of Moxibustion. Groups A and C were put on
the self-made rat clothes and fixed on the frame to expose
their abdomen and leg and received no treatment
(Figures 3(a) and 3(b)). Groups B and D received mox-
ibustion on “SP6” and “CV4” from the 1% to 10" days after
model establishment. First, we put on the self-made rat
clothes and fixed them on the frame to expose their abdomen
and leg. The locations of SP6 and CV4 acupoints were shown
in Figure 3(a). Shave the hair of acupoints by 1 x 1 cm, mark
the acupoint position with a marking pen, and light the
moxa stick and placed it 2-3 cm away from the skin of the rat.
Then, make moxibustion of the above two acupoints gently,
and replace the moxa stick when it was close to burnout,
once a day, each time for 20 min [38], for 10 days [12]
(choose the right SP6 for 1-5d and the opposite side for
6-10d). All manipulations were performed between 8:00

a.m. and 12:00 a.m. every day to minimize the influence of
circadian rhythms.

2.6. Observed the Number and Shape of Microvasculature
under the Microscope. After the rats were anesthetized with
0.2ml/100g of 1.5% pentobarbital sodium, we made an
opening about 2-3cm long at about 0.5cm outside the
midline of the abdomen and then pulled out one side of the
uterus and its ligament. We selected the middle section of
the uterus and put it under the stereomicroscope. We ob-
served the color and number of uterus microvasculature
under the stereomicroscope (40X) and took pictures. At last,
we calculated the microvascular diameters (ym) of pictures
by Image Proplus Software.

2.7. Measurement of Uterine Thickness In Vitro. After the
observation of uterine microvasculature under the stereo-
microscope, the rats were further killed by spinal dislocation.
The uterus was quickly and completely removed (in a “V”
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FIGURE 3: (a, b) The location of SP6 and CV4 acupoints on the body of SD rats. SP6 is located 10 mm above the tip of the inner ankle of the

hind limb, and CV4 is located about 25 mm below the umbilicus.

shape). The uterine tissue was placed in a culture dish (the
culture dish was placed above the ice plate), and the con-
nective tissue and fat attached to the uterine wall were
carefully removed (attention should be paid to not retaining
the ovaries at the distal end of the bilateral uterus). In the
process of stripping, it is necessary to avoid puncturing the
uterine body due to instrument operation and ensure the
liquid filling in the uterine body. The thickness (mm) of the
isolated uterus was measured at the midpoint between the

distal end of the uterus and the uterine horn. After the
measurement, the uterus was stored in Eppendorf (EP) tube
and transferred to liquid nitrogen. All uteruses were stored
at —80°C.

2.8. Detection of the Content of PGF,, and PGE, in Tissue by
Enzyme-Linked Immunosorbent Assay. We took 100 mg of
frozen uterine tissue from the ipsilateral segment and
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ground it with a 9-fold homogenate medium. Then, the
grinding liquid was centrifuged at 3000-4000 r for 10 min.
The supernatant was taken and prepared into 10% tissue
homogenate, which was placed in a refrigerator at 4°C for
testing. Diluent and standard liquid were prepared
according to the instructions. The samples were incubated at
room temperature for 1.5 hours and then washed. Anti-
bodies, enzymes, signal enhancers, and enzymes were suc-
cessively added for incubation and washing. Finally, after
adding the substrate color development and termination
solution, the absorbance values of each hole were detected at
450 nm. The standard curve was drawn with the absorbance
value of the standard hole and its corresponding concen-
tration, and the contents of PGF,, and PGE, in the uterine
tissues of the rat samples were calculated. The contents of
PGE,, and PGF, were determined by enzyme-linked im-
munosorbent assay (ELISA) and operated strictly according
to the kit instructions (the detection kit brand is Elabs-
cience). Figure 4 shows the schematic diagram of the whole
experimental process of moxibustion intervention on
healthy and PD rats.

2.9. Statistical Analysis. GraphPad Prism 8.0 software was
used for statistical analysis. The normal data were expressed
as mean * standard deviation (SEM) and the nonnormal
distribution data as median (lower quartile, upper quartile).
The data of each group conform to a normal distribution.
Two-way ANOVA was used for the comparison among the
groups, and the Turkey test was used for the multiple
comparison after the event. P <0.05 was considered as the
difference was significant.

3. Results

3.1. Difference of Writhing Times after Molding. Because
groups A and B did not use estradiol benzoate and oxytocin
to induce pain, there was no writhing reaction within 20
minutes. After modeling, groups C and D showed a sig-
nificant writhing response (Table 1). For groups C and D,
the writhing latency was shortened. The results showed that
the model of estradiol benzoate combined with oxytocin
was successful, and the baseline of groups C and D was
comparable.

3.2. Effect of Moxibustion on the General State of Rats.
The results showed that moxibustion at the SP6 and CV4
acupoints for ten consecutive days can regulate the general
state of rats. The hair color of rats in group A was glossy and
they moved freely. In group C, the hair color was haggard.
And they depilated with obvious grasping stress. In group D,
the overall state of rats was better than that of group C, and
the hair color was glossy and active.

3.3. Effect of Moxibustion on the Thickness of Uterus In Vitro
(mm). A previous study by Dmitrovic et al. found that the
uterus of dysmenorrhea women was larger than that of
healthy women, especially in the transverse, anterior, and

posterior diameters [39]. We wanted to know the rela-
tionship between uterine morphology, uterine microvas-
culature, and uterine prostaglandin. Therefore, we dissected
the uterine tissue and measured its thickness. The two main
effects (independent variables) described below refer to the
body state of rats (primary dysmenorrhea model rats/
healthy rats) and moxibustion or not.

In terms of the thickness of the isolated uterus, the two
main effects were statistically significant (P <0.0001,
P <0.0001), and there was a significant interaction between
the two main effects (P < 0.0001). The effect of moxibustion
on the thickness of the isolated uterus varies with the body
state (A in Figure 5(a)).

Compared with group A, there was no statistical dif-
ference between group A and group B (P >0.05), but the
diameter of the uterus in vitro has a trend of increased in
group B. In group C, the diameter of the uterus in vitro has
increased significantly (P <0.0001), and in group D, the
diameter of the uterus in vitro increased (P <0.001).
Compared with group B, the diameter of the uterus in vitro
in group C has increased significantly (P <0.0001). The
diameter of the uterus in vitro has a trend of increase in
group D (P >0.05), the difference was not statistically sig-
nificant. Compared with group C, the results showed that
moxibustion at the SP6 and CV4 acupoints for ten con-
secutive days significantly decreased the diameter of the
uterus in vitro (P <0.0001) (B and C in Figure 5(a)).

3.4. Effect of Moxibustion on Uterine Microvascular Diameter
(um). Microcirculation includes arterioles, posterior arte-
rioles, true capillaries, and blood capillary. Uterine micro-
vasculature is an important part of microcirculation. Some
studies found that there are obvious microcirculation dis-
orders in PD rats, such as the uneven thickness of uterine
microvasculature and capillaries, the contraction of diam-
eter [35], and the common fracture of capillaries, even the
contraction to the smooth muscle layer of the uterus [40].
Acupuncture at CV4 and SP6 acupoints can improve mi-
crocirculation disorders. The related factors affecting uterine
microcirculation include temperature and body fluid reg-
ulation. Therefore, this part of the study mainly observed the
influence of moxibustion on SP6 and CV4 acupoints
through observing uterine microvasculature in vivo.

In terms of microscopic microvascular, the main effects
of the two factors were statistically significant (P < 0.0001,
P <0.0001), and there was no interaction between the two
main effects (P > 0.05). The effect of moxibustion on uterine
microvasculature is not different from the body state of rats
(A in Figure 5(b)).

Compared with group A, the diameter of uterine mi-
crovasculature in group B tended to be coarser (P >0.05).
The microvascular diameter in group C decreased signifi-
cantly (P<0.0001), and that in group D decreased
(P <0.05). Compared with group B, the microvascular di-
ameter of groups C and D decreased significantly
(P <0.0001), and the difference was statistically significant.
Compared with group C, the microvascular diameter in
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FIGURE 4: The schematic diagram of the whole experimental process of moxibustion intervention on healthy and PD rats. (A) The
moxibustion on health and PD rats. (B) Microscopical observation of uterine microvasculature in rats. (C) The separation of the uterus.
(D) Measurement of uterine thickness in vitro and detection PGF,, and PGE, of uterus tissue by ELISA.

TaBLE 1: Writhing latency of rats after modeling.

Groups Numbers Writhing latency (min) Writhing times
C 10 8.50 +6.45 11.30 £9.84
D 10 10.00 +5.98 8.30£5.43

Data are expressed as the mean + SEM.

group D was significantly thicker (P <0.0001), and the
difference was statistically significant (B and C in
Figure 5(b)).

3.5. The Effect of Moxibustion Applied to the SP6 and CV4
Acupoints on the PGs (PGF,, and PGE,) Levels. In terms of
PGF,,, the main effect of the two independent variables was
not statistically significant (P >0.05), but the interaction
effect was statistically significant (P <0.05). The effect of
moxibustion on PGF,, in uterine tissue varies with different
body states (A in Figure 6(a)). Compared with group A, the

PGF,, in groups B and D increased (P > 0.05). The PGF,, in
group C increased (P <0.05), and the difference was sta-
tistically significant. Compared with group B, PGF,, in
group C increased (P> 0.05), while PGF,, in group D de-
creased (P >0.05). Compared with group C, PGF,, in group
D decreased (P >0.05) (B in Figure 6(a)).

In terms of PGE,, the main effect of the two in-
dependent variables was not statistically significant
(P>0.05), but there was a significant interaction effect
between the two variables (P<0.0001). The effect of
moxibustion on PGE, in uterine tissue varies with dif-
ferent body states (A in Figure 6(b)). Compared with
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FIGURE 5: In (a), changes of uterine tube diameter during moxibustion in different body states of rats (A), thickness of uterus in vitro (mm)
(B), and four groups of the typical uterus in vitro (C) are shown. In (b), changes of microvascular diameter during moxibustion in different
body states of rats (A), effects of moxibustion on uterine microvascular diameter under microscope (B), and microscopic view of uterine
microvascular (C) are shown. Data are expressed as the upper quartile and the lower quartile. *P <0.05, **P < 0.01, ****P < 0.0001 versus
group A. ®°°P <0.0001 versus group B. #*22P < 0.0001 versus group C.
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FIGURE 6: In (a), changes of PGF,, during moxibustion in different body states of rats (A) and effects of moxibustion on the content of PGF,,
in uterine tissue (B) are shown. In (b), changes of PGE, during moxibustion in different body states of rats (A) and effects of moxibustion on
the content of PGE, in uterine tissue (B) are shown. PGF,, data are expressed as the mean + SEM. * P < 0.05 versus group A. PGE, data are
expressed as the upper quartile and the lower quartile. ***P < 0.001, ****P < 0.0001 versus group A. “P <0.05 versus group C.

TaBLE 2: Index changes and interaction effects of moxibustion in different body states of rats.

Observation index Source of difference SS MS F P value
Row factor 74.80 74.80 102.23 P <0.0001
The thickness of uterus in vitro (mm) Column factor 20.02 20.02 27.36 P <0.0001
Interaction 52.21 52.21 71.36 P <0.0001
Row factor 7253.87 7253.87 99.53 P <0.0001
Microvascular diameter (ym) Column factor 2180.05 2180.05 29.91 P <0.0001
Interaction 212.89 212.89 2.92 P>0.05
Row factor 39.34 39.34 3.89 P>0.05
PGF,, (U/L) Column factor 0.11 0.11 0.01 P>0.05
Interaction 72.42 72.42 7.16 P>0.05
Row factor 122.49 122.49 2.72 P>0.05
PGE, (U/L) Column factor 61.46 61.46 1.36 P>0.05
Interaction 1387.89 1387.89 30.80 P<0.05

Row factor: different body states of rats (healthy/primary dysmenorrhea model); column factor: moxibustion or not; SS: sum of squares between groups; MS:

mean square.
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TaBLE 3: Summary of the effects of moxibustion on the regulation of uterine microvascular in healthy and PD rats.

Intergrqup The thickness of uterus in vitro  Microvasculature diameter PGE,, (U/L) PGE, (U/L)

comparison (mm) (¢m)

A-B Thickening trend P >0.05 Thickening trend P>0.05  Rising trend P> 0.05 Rising P <0.001

A-C Obvious thickening P <0.0001  Obvious thinning P <0.0001 Rising P <0.05 Rising P <0.0001
o Obvious thickening Downward trend

C-D Thinning P < 0.0001 P <0.0001 P>0.05 Downward P < 0.05

A-D Thickening P < 0.001 Thinning P <0.05 Rising trend P>0.05 Rising trend P >0.05

B-D Thickening trend P>0.05  Obvious thinning P<0.0001 ~ DOWaWard trend Downward trend

P>0.05 P>0.05

A = control group; B = control plus moxibustion group; C=PD model group; D =PD model plus moxibustion group.

group A, the PGE, in groups B and C increased (P < 0.001,
P <0.0001), and the difference was statistically significant.
The PGE, in group D increased (P > 0.05). Compared with
group B, PGE, in group C increased (P >0.05), while
PGE, in group D decreased (P> 0.05). Compared with
group C, PGE, in group D decreased (P<0.05) (B in
Figure 6(b)).

4. Conclusion

According to Tables 2 and 3 and the above results, the
following conclusions can be further deduced.

(1) After estradiol benzoate and oxytocin made the model,
the uterine microvessels of rats became thinner, the
isolated uterus became swollen and thicker, and the
contents of PGF,, and PGE, increased.

(2) Moxibustion can thicken the uterine microvessels of
PD rats, thin the isolated uterus, and reduce the
contents of PGF,, and PGE,.

(3) Moxibustion can thicken the uterine microvessels of
healthy rats, thicken the isolated uterus, and increase
the contents of PGF,, and PGE,.

(4) Moxibustion has different regulatory effects on rats
in different body states.

® The regulating effect of moxibustion on the
microvessels of PD rats is greater than that of
healthy rats.

®@ Moxibustion can regulate the prostaglandin in-
dex in two ways. Moxibustion decreased the
contents of PGF,, and PGE, in PD rats and
increased the contents of PGF,, and PGE, in
healthy rats.

(5) Combined with the changes of microvascular effect
in rats, although the content of PGE, changed more
obviously, the contractile effect of PGF,, was
dominant.

(6) In conclusion, moxibustion at SP6 and CV4 can
reduce dysmenorrhea in PD rats, and its mechanism
may be to reduce the content of PGF,, and PGE, in
uterine tissue, relax uterine microvessels, improve
microcirculation disorder, so as to reduce uterine
swelling, and achieve the purpose of treating
dysmenorrhea.

5. Discussion

The literature research shows that PGF,, mainly plays a
contractile role in the uterus, and PGE, plays a diastolic
role in the uterus. Dysmenorrhea is characterized by
fluctuation and intermittence, with the most intense pain
at the first 24-36 hours of menstruation, which is con-
sistent with the maximum time of prostaglandin release
into menstrual fluid [41]. The occurrence of PD pain is
related to the production of large amounts of PGs in the
uterus [1, 42-45], and the intensity of pain is directly
proportional to the content of PGF,, [31, 46]. The most
basic structure and function unit of the uterine micro-
circulation system is the microcirculation between uterine
microvasculature and capillary. PGF,, can constrict the
uterine microvascular [47], resulting in the decrease of the
local blood flow of the uterus, the disturbance of the
microcirculation of the uterus, the abnormal tissue fluid
exchange caused by the long-term tissue ischemia and
hypoxia, the morphological changes of the uterus, and
finally a series of symptoms of PD.

This study found that the content of PGF,, and PGE, in
uterine tissue increased in the intervention of moxibustion
on healthy rats, and the microvasculature became coarser.
After models were made by estradiol benzoate combined
with oxytocin, the two kinds of prostaglandins in the uterus
of PD rats increased, the content of PGE, was higher than
that of PGF,,, and the microvasculature was thinner, sug-
gesting that the contraction effect of PGF,, was stronger
than the relaxation effect of PGE,. Moxibustion intervention
in PD rats, the two prostaglandins in uterine tissue were
reduced, the content of PGE, was significantly lower than
PGF,,, and the microvessels were significantly thicker,
suggesting that the contraction effect of PGF,, was more
obvious than the relaxation effect of PGE,. To sum up, PGF,,
and PGE, in the uterus of rats showed a homotropic change,
and the change of PGE, was more obvious, but PGF,, played
a leading role in contraction.

Combined with the literature research and this study
(Table 1), it is speculated that the content of PGF,, and
the contraction of uterine microvasculature may cause
local ischemia and anoxia, microcirculation disturbance,
and the change of uterine tissue morphology and
thickening. Moxibustion can reduce the content of PGF,,
and the relaxation of uterine microvasculature in PD rats,
which can lead to the relief of local ischemia and hypoxia, the
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improvement of microcirculation disturbance, and the re-
duction of swelling of the uterus in vitro. To sum up,
moxibustion of SP6 and CV4 points may relax the uterine
microvasculature by reducing the content of PGF,, in the
uterine tissue, to improve the microcirculation of the uterus,
then alleviate the degree of uterine swelling, and finally
achieve the effect of relieving dysmenorrhea.

We regarded prostaglandins as the main entry point,
combined with PGF,,/PGE, and uterine microcirculation to
explore the possible mechanism of moxibustion treat PDs.
Many clinical and experimental studies have shown that
moxibustion stimulation applied to the SP6 or CV4 acupoints
(Sanyinjiao and Guanyuan moxibustion point) performed
well in the treatment of pain induced of primary dysmen-
orrhea [10, 19-23]. SP6 and CV4 points are common com-
patibility schemes for the treatment of PD [24, 25]. SP6 can
relieve the pain of PD immediately [44, 48, 49], especially for
PD patients with cold and dampness stagnation pattern [50].
Moxibustion may regulate the content of prostaglandin in the
uterus of PD through its light effect, heat effect, moxa fume,
drug composition, and so forth. Further, improve the mi-
crocirculation of the uterus, finally, relieve the shape of the
uterus, and achieve the effect of relieving dysmenorrhea [51].

In the whole process of the experiment, animal selection,
model making, intervention, and efficacy evaluation were
strictly controlled. Moxibustion significantly improved
uterine microvascular and isolated uterine morphology,
while the regulation of prostaglandin only showed a trend
change. Combined with the particularity of moxibustion as a
supplementary alternative therapy, the whole experimental
process was reviewed and analyzed. The reasons considered
may be related to the lack of moxibustion quantity and
treatment course. Further research directions include but are
not limited to the following. 1. In this study, moxibustion
intervention on the prostaglandin of PD rats shows a trend
change, which may be related to the course of treatment,
cycle, and insufficient amount of moxibustion. In the further
experiment, different control groups are set up to study the
quantity effect relationship of moxibustion intervention on
PD. 2. This experiment speculates that the therapeutic effect
of moxibustion on PD rats is greater than that of healthy rats.
We can set up the matching experiment to study the index
change before and after the intervention and further clarify
the specific effect difference of moxibustion on healthy and
PD rats. 3. Moxibustion regulates the contraction of uterine
microvascular by prostaglandin, causes the change of uterine
morphology, and relieves the pain process. It is worth
further exploring whether there is a new target in the in-
formation transduction process between prostaglandin and
uterus. 4. There may be differences in the effects of different
cycles of moxibustion on PD, which can be studied by in-
corporating rats in different emotional periods to determine
the best intervention time of moxibustion for PD.

In conclusion, moxibustion of SP6 and CV4 acupoints
may relax the uterine microvasculature by reducing the
content of PGF,, in the uterine tissue, to improve the
microcirculation of the uterus, then alleviate the degree of
PD rat’s uterine swelling, and finally, achieve the effect of
relieving dysmenorrhea. It will be further studied whether

Evidence-Based Complementary and Alternative Medicine

moxibustion can relieve dysmenorrhea symptoms through
light effect, heat effect, or drug composition of moxa fume.

Data Availability

The data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Xuemei Li, Sha Guo, and Zhaoheng Chen drafted the
manuscript. Xuemei Li, Sha Guo, Zhaoheng Chen, and
Kuiyu Ren completed the animal experiment. Hong Zhang,
Shuguang Yu, and Sha Yang designed the experiment
scheme. Sha Yang revised the manuscript. All authors have
read and approved the publication of the final manuscript.
Xuemei Li, Sha Guo, and Zhaoheng Chen are co-first au-
thors and contributed equally to this paper.

Acknowledgments

This study was supported by the National Natural Science
Foundation of China (Grant no. 81574089), Scientific Re-
search Project of Sichuan Education Department (Grant no.
18ZD0201), and special project of “Xinglin scholar” subject
talent research promotion plan of Chengdu University of
Traditional Chinese Medicine (Grant no. ZYTS2019001).

References

[1] M. Burnett and M. Lemyre, “No. 345-Primary dysmenorrhea
consensus guideline,” Journal of Obstetrics and Gynaecology
Canada, vol. 39, no. 7, pp. 585-595, 2017.

[2] B. Thomas and A. Magos, “Modern management of dys-
menorrhoea,” Trends in Urology, Gynaecology ¢ Sexual
Health, vol. 14, no. 5, pp. 25-29, 2009.

[3] G. Ruoff and M. Lema, “Strategies in pain management: new
and potential indications for COX-2 specific inhibitors,”
Journal of Pain and Symptom Management, vol. 25, no. 2,
pp. S21-S31, 2003.

[4] M. L. Proctor, C. A. Smith, C. M. Farquhar et al., “Trans-

cutaneous electrical nerve stimulation and acupuncture for

primary dysmenorrhoea,” Cochrane Database Systematic

Reviews, vol. 1, Article ID Cd002123, 2002.

L. Dutra, R. Pegado, L. K. Silva et al., “Modulating anxiety and

functional capacity with anodal tDCS over the left dorsolateral

prefrontal cortex in primary dysmenorrhea,” International

Journal of Women’s Health, vol. 12, pp. 243-251, 2020.

[6] C. E. McGovern and C. Cheung, “Yoga and quality of life in
women with primary dysmenorrhea: a systematic review,”
Journal of Midwifery & Women’s Health, vol. 63, no. 4,
pp. 470-482, 2018.

[7] M. L Ortiz, “Primary dysmenorrhea among Mexican uni-
versity students: prevalence, impact and treatment,” European
Journal of Obstetrics & Gynecology and Reproductive Biology,
vol. 152, no. 1, pp. 73-77, 2010.

[8] Z. Bajalan, Z. Alimoradi, and F. Moafi, “Nutrition as a po-
tential factor of primary dysmenorrhea: a systematic review of

[5



Evidence-Based Complementary and Alternative Medicine

observational studies,” Gynecologic and Obstetric Investiga-
tion, vol. 84, no. 3, pp. 209-224, 2019.

[9] T. Anderson, “Caesarean section for non-medical reasons at
term,” Practising Midwife, vol. 9, no. 8, pp. 34-35, 2006.

[10] M. Yang, X. Chen, L. Bo et al., “Moxibustion for pain relief in

patients with primary dysmenorrhea: a randomized con-

trolled trial,” PLoS One, vol. 12, no. 2, Article ID e0170952,

2017.

B. Shen, Q. Sun, H. Chen et al., “Effects of moxibustion on

pain behaviors in patients with rheumatoid arthritis,” Med-

icine, vol. 98, no. 30, Article ID el16413, 2019.

[12] P. B. Chen, S. S. Qi, J. Cui et al., “Herbal-cake-partitioned
moxibustion of “Shenque” (CV8) has a relative specific effect
in relieving abdominal pain and in regulating neuroendo-
crine-immune network in primary dysmenorrhea rats,” Zhen
Ci Yan Jiu, vol. 44, no. 2, pp. 120-124, 2019.

[13] M. S. Lee, T. Y. Choi, J. W. Kang, B. J. Lee, and E Ernst,
“Moxibustion for treating pain: a systematic review,” The
American Journal of Chinese Medicine, vol. 38, no. 5,
pp. 829-838, 2010.

[14] D.-M. Xu, H. Xu, J. Liu et al., “Effect of thunder-fire mox-
ibustion on pain, quality of life, and tension of multifidus in
patients with primary osteoporosis: a randomized controlled
trial,” Medical Science Monitor, vol. 24, pp. 2937-2945, 2018.

[15] T. Xu, L. Hui, Y. L. Juan et al., “Effects of moxibustion or
acupoint therapy for the treatment of primary dysmenorrhea:
a meta-analysis,” Alternative Therapies in Health and Medi-
cine, vol. 20, no. 4, pp. 33-42, 2014.

[16] C. Ruan, S. Lin, X. Chen et al., “Effect of drug-spreading
moxibustion for primary dysmenorrheal with cold-damp
stagnation and its uterine artery blood flow,” Zhongguo Zhen
Jiu, vol. 36, no. 8, pp. 827-830, 2016.

[17] X. Li, Y. Han, J. Cui, P. Yuan, Z. Dj, and L. Li, “Efficacy of
warm needle moxibustion on lumbar disc herniation,”
Journal of Evidence-Based Complementary ¢ Alternative
Medicine, vol. 21, no. 4, pp. 311-319, 2016.

[18] X.Li,J. Hu, X. Wang, H. Zhang, and J. Liu, “Moxibustion and

other acupuncture point stimulation methods to treat breech

presentation: a systematic review of clinical trials,” Chinese

Medicine, vol. 4, no. 1, p. 4, 2009.

B.D. Liao, Y. E. Liu, Z. M. Peng et al., “Therapeutic effects on

primary dysmenorrhea treated with moxibustion at Shenque

(CV 8) and warm needling at Guanyuan (CV 4) and

Sanyinjiao (SP 6),” Zhongguo Zhen Jiu, vol. 39, no. 4,

pp. 367-370, 2019.

[20] Q. Liu, X. Li, K. Ren et al., “Effects of mild moxibustion on the
uterine microcirculation in patients of primary dysmenor-
rhea,” Zhongguo Zhen Jiu, vol. 38, no. 7, pp. 717-720, 2018.

[21] Y. Liu, J. Sun, X. Wang, L. Shi, and Y. Yan, “Effect of herb-
partitioned moxibustion for primary dysmenorrhea: a ran-
domized clinical trial,” Journal of Traditional Chinese Medi-
cine, vol. 39, no. 2, pp. 237-245, 2019.

[22] H. Wang, X. Hui, L. Ha, B. Zhao, and Q. Yao, “The efficacy
and safety of moxibustion for primary dysmenorrhea,”
Medicine, vol. 98, no. 48, Article ID e18133, 2019.

[23] J. Yang, S. Yu, L. Lao et al., “Use of moxibustion to treat
primary dysmenorrhea at two interventional times: study
protocol for a randomized controlled trial,” Trials, vol. 16,
no. 1, p. 35, 2015.

[24] F. Liu, J. Xiong, G. Y. Huang et al,, “Study on the underlying
mechanism of acupuncture in regulating neuroendocrine
activity in dysmenorrhea rats,” Zhen Ci Yan Jiu, vol. 34, no. 1,
pp. 3-8, 2009.

(11

[19

11

[25] S. Yu, J. Yang, Y. Ren et al., “Characteristics of acupoints
selection of moxibustion for primary dysmenorrhea based on
data mining technology,” Zhongguo Zhen Jiu, vol. 35, no. 8,
pp. 845-849, 2015.

[26] U. O. Abaraogu, S. E. Igwe, and C. S. Tabansi-Ochiogu,
“Effectiveness of SP6 (Sanyinjiao) acupressure for relief of
primary dysmenorrhea symptoms: a systematic review with
meta- and sensitivity analyses,” Complementary Therapies in
Clinical Practice, vol. 25, pp. 92-105, 2016.

[27] X. P. Li and M. D. Wang, “Progress of research on primary
dysmenorrhea in Chinese and Western medicine,” Journal of
Liaoning University of Traditional Chinese Medicine, vol. 9,
no. 1, pp. 65-68, 2007.

[28] Q. M. Zhang, H. Zhang, and M. Fang, “Research advances
on massage in treating primary dysmenorrhea,” Shanghai
Journal of Traditional Chinese Medicine, vol. 40, no. 2,
pp. 65-66, 2006.

[29] P. Kannan, K.-K. Cheung, and B. W.-M. Lau, “Does aerobic
exercise induced-analgesia occur through hormone and in-
flammatory cytokine-mediated mechanisms in primary dys-
menorrhea?” Medical Hypotheses, vol. 123, pp. 50-54, 2019.

[30] L. Yang, Z. Cao, B. Yu, and C. Chai, “An in vivo mouse model
of primary dysmenorrhea,” Experimental Animals, vol. 64,
no. 3, pp. 295-303, 2015.

[31] I Fajrin, G. Alam, and A. N. Usman, “Prostaglandin level of
primary dysmenorrhea pain sufferers,” Enfermeria Clinica,
vol. 30, pp. 5-9, 2020.

[32] S.Iacovides, I. Avidon, and F. C. Baker, “What we know about
primary dysmenorrhea today: a critical review,” Human
Reproduction Update, vol. 21, no. 6, pp. 762-778, 2015.

[33] W. S. Hsu, X. Y. Shen, J. M. Yang et al., “Effects of acu-
puncture applied to sanyinjiao with different stimuli on
uterine contraction and microcirculation in rats with dys-
menorrhea of cold coagulation syndrome,” Evidence-Based
Complementary and Alternative Medicine, vol. 2014, Article
1D 328657, 8 pages, 2014.

[34] Z. Niu and X. O. Xue, Chinese and Western Medicine Inte-
gration of Female Endocrinology, People’s Military Medical
Press, Beijing, China, 2008.

[35] C.H.Li, Y. F. Zhao, B. Ji et al., “Effect of electroacupuncture
on the uterine microcirculation in dysmenorrhea rats,” Zhen
Ci Yan Jiu, vol. 36, no. 1, pp. 12-17, 2011.

[36] W. J. Tang, Y. Q. Wang, and B. Tang, “Effect of acupoint
catgut embedding on levels of PG-related factors and NF-«xB
proteins in ute-rine tissues of rats with primary dysmenor-
rhea,” Zhen Ci Yan Jiu, vol. 45, no. 7, pp. 548-551, 2020.

[37] Y. Cheng, Y. Chu, X. Su et al., “Pharmacokinetic-pharma-
codynamic modeling to study the anti-dysmenorrhea effect of
Guizhi Fuling capsule on primary dysmenorrhea rats,”
Phytomedicine, vol. 48, pp. 141-151, 2018.

[38] N. Wang, Y. L. Jv, C. Z. Tang et al., “Experimental study on
analgesic effect of electroacupuncture, moxibustion and
catgut embedding on dysmenorrhea rats,” Journal of Basic
Chinese medicine, vol. 12, pp. 943-944, 2007.

[39] R.Dmitrovic, A. Cvitkovic-Kuzmic, and B. Brkljacic, “Uterine
diameters and endometrial thickness in patients with severe
primary dysmenorrhea,” International Journal of Gynecology
& Obstetrics, vol. 85, no. 2, pp. 183-185, 2004.

[40] Y. S. Xu, B. Ji, and J. Zhu, “Changes of uterine microcircu-
lation in dysmenorrhea,” Chinese Journal of Microcirculation,
vol. 23, no. 10, pp. 61-64, 2013.

[41] M. Y. Dawood, “Primary dysmenorrhea: advances in path-
ogenesis and management,” Obstetrics & Gynecology, vol. 108,
no. 2, pp. 428-441, 2006.



12

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

[51]

W. Y. Chan and J. C. Hill, “Determination of menstrual
prostaglandin levels in non-dysmenorrheic and dysmenor-
rheic subjects,” Prostaglandins, vol. 15, no. 2, pp. 365-375,
1978.

W. Y. Chan, M. Y. Dawood, and F. Fuchs, “Relief of dys-
menorrhea with the prostaglandin synthetase inhibitor ibu-
profen: effect on prostaglandin levels in menstrual fluid,”
American Journal of Obstetrics and Gynecology, vol. 135, no. 1,
pp. 102-108, 1979.

Y. X. Ma, L. X. Ma, X. L. Liu et al., “A comparative study on
the immediate effects of electroacupuncture at Sanyinjiao
(SP6), Xuanzhong (GB39) and a non-meridian point, on
menstrual pain and uterine arterial blood flow, in primary
dysmenorrhea patients,” Pain Medicine, vol. 11, no. 10,
pp. 1564-1575, 2010.

A. M. Powell, W. Y. Chan, P. Alvin et al., “Menstrual-PGF2
alpha, PGE2 and TXA2 in normal and dysmenorrheic women
and their temporal relationship to dysmenorrhea,” Prosta-
glandins, vol. 29, no. 2, pp. 273-290, 1985.

W. Y. Chan, M. Y. Dawood, and F. Fuchs, “Prostaglandins in
primary dysmenorrhea. Comparison of prophylactic and
nonprophylactic treatment with ibuprofen and use of oral
contraceptives,” American Journal of Medicine, vol. 70, no. 3,
pp. 535-541, 1981.

D. V.Jensen, K. B. Andersen, and G. Wagner, “Prostaglandins
in the menstrual cycle of women. A review,” Danish medical
bulletin, vol. 34, no. 3, pp. 178-182, 1987.

Y. P. Yu, L. X. Ma, Y. X. Ma et al., “Immediate effect of
acupuncture at Sanyinjiao (SP6) and Xuanzhong (GB39) on
uterine arterial blood flow in primary dysmenorrhea,” Journal
of Alternative and Complementary Medicine, vol. 16, no. 10,
pp. 1073-1078, 2010.

C. Z. Liu, J. P. Xie, L. P. Wang et al., “Immediate analgesia
effect of single point acupuncture in primary dysmenorrhea: a
randomized controlled trial,” Pain Medicine, vol. 12, no. 2,
pp. 300-307, 2011.

Y. Q. Liu, L. X. Ma, J. M. Xing et al., “Does traditional Chinese
medicine pattern affect acupoint specific effect? Analysis of
data from a multicenter, randomized, controlled trial for
primary dysmenorrhea,” Journal of Alternative and Com-
plementary Medicine, vol. 19, no. 1, pp. 43-49, 2013.

Y. Q. Liu, P. Zhang, J. P. Xie et al,, “Influences of deqi on
immediate analgesia effect of needling SP6 (sanyinjiao) in
patients with primary dysmenorrhea in cold and dampness
stagnation pattern: study protocol for a randomized con-
trolled trial,” Evidence-Based Complementary and Alternative
Medicine, vol. 2015, Article ID 238790, 6 pages, 2015.

Evidence-Based Complementary and Alternative Medicine



