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Abstract. The effect of androgens on follicular development 
and female reproduction has become an active research topic. 
Moxibustion is a Traditional Chinese Medicine therapy that 
has been reported to be able to prevent and treat numerous 
ovary‑related problems. However, studies on the effect 
of moxibustion for diminished ovarian reserve (DOR) on 
androgen balance are still lacking. The present study aimed 
to assess the efficacy of moxibustion intervention prior to 
disease onset and at the early stage of disease in a rat model 
of DOR and explore the mechanisms of its effect on ovarian 
function. A total of 32 rats were randomly divided into four 
groups: Blank group, Model group (a drug‑induced model 
of DOR), Moxibustion group 1 and Moxibustion group 2. 
Moxibustion was performed on the BL23 and RN4 acupoints 
of female rats daily for a total of 20 days (once a day, five 
times a week for a total of 4 weeks). The two moxibustion 
groups were established with different intervention times: 
One group was subjected to pre‑disease intervention and 
the other group to early‑disease intervention. The ovarian 
function was evaluated by detecting anti‑Mullerian hormone 
(AMH), follicle‑stimulating hormone (FSH), estradiol (E2), 
testosterone (T), dehydroepiandrosterone (DHEA), dihy‑
drotestosterone (DHT) and androgen receptor (AR) levels in 
the serum or the ovary samples. To further investigate the 
downstream regulatory factors for AR after moxibustion 
treatment for pre‑disease or early‑disease intervention, FSH 
receptor (FSHR) and microRNA (miR)‑125b expression 
in ovaries were also analyzed. The results indicated that 

AMH and DHT levels were reduced in the model group 
compared with those in the blank group, while FSH, T and 
DHEA levels were increased. AMH and DHT levels were 
increased in Moxibustion group 1 compared with those in the 
model group, while FSH, T and DHEA levels were reduced. 
There was no difference in E2 levels between Moxibustion 
group 1 and the model group. Compared with that in the 
model group, the AR content in the ovary was increased 
in Moxibustion group 1. There was no difference in FSHR 
mRNA in the ovaries between Moxibustion group 1 and the 
model group. miR‑125b levels were significantly increased in 
Moxibustion group 1 as compared with those in the model 
group. Furthermore, AMH and DHT levels were increased 
in Moxibustion group 2 compared with those in the model 
group, while FSH, T and DHEA levels were reduced. E2 
levels were significantly decreased in Moxibustion group 2 
compared with those in the model group. The relative mRNA 
expression of AR, FSHR and miR‑125b was decreased 
following establishment of the model. Compared with that in 
the model group, the AR content in the ovary was increased 
in Moxibustion group 2. In comparison with the blank and 
model groups, the FSHR content in the ovary of Moxibustion 
group 2 was significantly increased. miR‑125b levels were not 
obviously altered in Moxibustion group 2 as compared with 
those in the model group. In addition, there was no signifi‑
cant difference in AMH, FSH, T and DHEA levels between 
the two moxibustion groups. E2 and DHT levels were higher 
in Moxibustion group 1 than in Moxibustion group 2. There 
was no difference in AR mRNA expression between the 
two moxibustion groups. FSHR mRNA levels were lower 
in Moxibustion group 1 than in Moxibustion group 2, while 
miR‑125b mRNA levels were higher in Moxibustion group 1 
than in Moxibustion group 2. In conclusion, the present study 
suggested that moxibustion intervention prior to disease onset 
and at the early disease stage was able to improve ovarian 
function via modulation of the AR‑mediated stable equilib‑
rium of androgens. However, the effects and mechanisms of 
moxibustion intervention for pre‑disease and early‑disease 
intervention of DOR appear to be different. The appropriate 
duration of treatment and the time‑effect relationship require 
to be further studied.
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Introduction

Diminished ovarian reserve (DOR) refers to abnormal 
ovarian function caused by various factors prior to the age 
of 40 years and results in associated symptoms, which is the 
occult abnormal ovarian function period prior to ovarian 
failure amenorrhea (1,2). Without any timely and effective 
intervention, the ovaries of patients with DOR may gradually 
shrink within 1 to 6 years, leading to premature ovarian failure 
(POF) (3).

At present, the effect of androgens on follicular develop‑
ment and female reproduction is under active investigation. 
Androgens, including dehydroepiandrosterone (DHEA), 
DHEA‑sulfate (DHEA‑S), androstenedione (A4), testosterone 
(T) and dihydrotestosterone (DHT), are important hormones 
in the female endocrine and reproductive systems. DHEA, 
DHEA‑S and A4 must be bioconverted to T or DHT to have 
a physiological role  (4,5). It has been suggested that the 
androgen effect is generated when androgens are converted 
to estradiols under the action of aromatase in granulosa 
cells; the produced estradiols then act on estradiols receptors. 
Further studies indicated that androgen itself positively affects 
follicular development and T or DHT will eventually bind to 
the androgen receptor (AR) to activate downstream signaling 
pathways, such as follicle‑stimulating hormone receptor 
(FSHR) and microRNA (miRNA/miR)‑125b to induce the 
corresponding biological effect (6,7).

Moxibustion is a Traditional Chinese Medicine (TCM) 
therapy. It uses Folium Artemisiae  argyi to produce 
moxibustion materials, generating heat upon combustion to 
stimulate acupoints or specific body surface sites, thereby 
achieving disease prevention and treatment. Increasing 
evidence has demonstrated that moxibustion is able to 
improve ovarian function  (8‑12). It has been reported that 
the early use of moxibustion is able to generate a favorable 
stress response to resist or reduce the subsequent disease 
and delay the degradation of normal tissues  (13). To date, 
studies on the mechanisms underlying the improvement in 
ovarian function by moxibustion have mainly focused on 
the hypothalamic‑pituitary‑ovarian axis (HPOA)  (14,15). 
There is a lack of studies focusing on androgen balance and 
AR‑mediated signaling pathways. It remains elusive whether 
the protective roles and mechanisms underlying moxibustion 
intervention on ovarian function prior to the onset or at early 
stages of DOR are different.

In the present study, moxibustion was performed on the 
BL23 and RN4 acupoints of female rats daily for a total 
of 20 times. For this, two moxibustion groups were estab‑
lished with different intervention times: One group was 
subjected to pre‑disease intervention and the other group 
to early‑disease intervention. The ovarian function was 
evaluated based on the levels of several hormones related 
to ovarian function, particularly androgens. To further 
investigate the downstream regulatory factors of AR after 
moxibustion intervention prior to the onset or at early stages 
of POF, FSHR and miR‑125b expression in ovaries were 
also analyzed. The present study focused on rat physiology, 
providing a strong foundation and a complementary under‑
standing of moxibustion application as both physiological 
and pathological research.

Materials and methods

Animal experiment. A total of 32 female Sprague‑Dawley 
rats weighing 220‑280 g and aged 8‑12 weeks were provided 
by Shanghai Super‑B&K Laboratory (Animal production 
license no. SYXK, Shanghai 2017‑0002). The rats were main‑
tained under a normal 12‑h light/dark cycle at 22±2˚C with 
50‑70% relative humidity. The rats were allowed to adapt to 
the surrounding environment for two weeks. Animals with a 
regular estrus cycle and the same estrus stage were detected 
through vaginal smears. Rats were housed with four animals 
per cage and food pellets and water provided ad libitum.

A total of 32 rats were randomly divided into four groups 
(Fig.  1): Blank group (normal saline was administered), 
Model group (rat model was established via intragastric 
administration of tripterygium glycosides), Moxibustion 
group 1 (rat model was established after 4  weeks of 
moxibustion treatment, making this the pre‑disease 
intervention group) and Moxibustion group 2 (rats were 
treated with tripterygium glycosides and moxibustion for 
2  weeks, followed by another 2  weeks of moxibustion 
treatment, making this the early‑disease intervention group). 
The day of grouping was recorded as day 1. All experimental 
procedures were approved by the Animal Care and Use 
Committee of Nanjing University of Chinese Medicine 
(Nanjing, China; no. ACU170709).

Observation of estrus stages. A thin cotton swab dipped in 
saline was gently inserted into the vagina of the rats and used 
to scrape around the cervix of the rats. The vaginal secretions 
were evenly smeared onto slides. After 15 min of fixation, 
the vaginal secretions were subjected to Pap staining and 
cytological examination was performed under the microscope. 
The observation of estrus stages began on the 43rd day of the 
experiment and was continually performed once a day for 
14 consecutive days and ended on the 56th day. A summary 
of the regularity of the estrus stages in the rats was generated 
at the end of the study. The estrus stages of normal female rats 
lasted for 4‑5 days, including the proestrus, estrus, metestrus 
and diestrus stages (16). ‘Extension of estrus stages’ is defined 
as estrus stages that lasted >5 days and ‘disorder of estrous 
stages’ was defined as estrous cycles that could not be observed 
or continued to be diestrus.

Model construction methods. The DOR model was established 
by referring to the methods reported in the literature (17,18) 
and began on the 29th day of the experiment (Fig. 1). Normal 
saline (2 ml) was administered once a day by gavage in the 
blank group, while 2 ml of tripterygium glycosides (Shanghai 
Fudan Fuhua Pharmaceutical Co., Ltd.; no. Z31020415) was 
administered at 75 mg/kg/day once a day IG for 14 consecutive 
days in the other groups. The whole modeling process was 
uneventful and no death occurred. If the vaginal smear of the 
rats exhibited no change of the sexual cycle in >2 sexual cycles 
or prolonged estrus stage of >6 days, the model was considered 
to be successfully established.

Moxibustion application. The acupoint location was 
determined referring to ‘Experimental Acupuncture’  (19). 
Moxibustion was applied to the bilateral ‘Shenshu’ acupoint 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  1230,  2021 3

(BL 23, 7 mm lateral to the spinous process of the second 
lumbar spine) in the prone position and the ‘Guanyuan’ 
acupoint (RN 4, 25 mm below the navel) in the supine posi‑
tion daily. The specific moxibustion methods were performed 
as follows: Two assistants performed the procedure. One 
researcher was responsible for holding the animals with its 
hand, and the other researcher performed the moxibustion. 
The rat was blindfolded. The neck of the rats were first 
touched to quieten them and then the rats gently held in the 
hand without anesthetization (20,21). Hair on the treatment 
area was shaved and Vaseline was applied. A grain‑sized 
moxa cone (5 mg of pure moxa cone with a base of 3.0‑3.5 mm 
and a height of 4‑5 mm) was placed on the acupoints using 
tweezers and ignited with a match (the burning time of each 
cone was 8‑10  sec, with a temperature of 48‑52˚C at the 
acupoints). A new moxa cone was applied when the prior one 
was completely burned. Seven grain‑sized moxa cones were 
applied at each acupoint per treatment for a total of 20 days 
(once a day, five times a week for a total of 4 weeks). The 
duration of one treatment session for each rat was ~3 min. The 
moxibustion in moxibustion group 1 and moxibustion group 
2 began on the 1st day and the 29th day of the experiment, 
respectively (Fig. 1). The rats in the non‑moxibustion group 
were also fixed with the assistant's hand and blindfolded 
synchronously. During and after the procedure, the wellbeing 
of the rats was assessed by observing their behavior and 
attempting to detect any moxibustion ulcer formation. It was 
observed that the rats were quiet when treated with moxibus‑
tion: No foot lifting and licking, no back arching, no tremor 
or spasm and regular breathing. Following moxibustion, there 
were no moxibustion ulcers in any of the rats with regular 
food and water consumption (22).

Hormone assays. Hormones were detected at the end of the 
experiment to ensure that the blood samples were collected at 
the same stage of the menstrual cycle. Whole blood samples 
(2 ml) were harvested by a retro‑orbital puncture after animals 
were anesthetized with a single intraperitoneal injection of 7% 
chloral hydrate (350 mg/kg) from eight rats in each group. The 
animals were sacrificed 10 min after injection of chloral hydrate 
by cervical dislocation. Then, the animals were sacrificed 
by cervical dislocation. The samples were centrifuged at 
1,500 x g for 20 min at room temperature and the supernatants 

were collected. Serum anti‑mullerian hormone (AMH), FSH, 
estradiol (E2), T, DHEA and DHT were detected using the rat 
AMH ELISA kit (cat. no. ml060605), FSH ELISA kit (cat. 
no. ml002872), E2 ELISA kit (cat. no. ml002871), T ELISA kit 
(cat. no. ml003368), DHEA ELISA kit (cat. no. ml003097) and 
DHT ELISA kit (cat. no. ml002998), respectively (Shanghai 
Mlbio Co., Ltd.). The optical density of the ELISA plates was 
measured at 450 nm by a microplate reader.

Reverse transcription‑quantitative (q)PCR. The fresh 
ovarian tissue was separated from six sacrificed rats in each 
group and they were used for RNA analysis. Total RNA 
was extracted using TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) and was reverse transcribed using a 
First‑strand cDNA Synthesis kit (Invitrogen; Thermo Fisher 
Scientific, Inc.). miRNA was harvested using the miRcute 
miRNA isolation kit (Tiangen Biotech Co., Ltd.) and was 
reverse transcribed using stem‑loop primers and the Thermo 
First‑strand cDNA Synthesis kit (Thermo Fisher Scientific, 
Inc.). The following primers were used: AR forward, 5'‑GAG​
ACG​ACA​CGA​TGG​ACA​ATT‑3' and reverse, 5'‑GCG​GAA​
GGG​AAA​CAG​AAG​TAT‑3'; FSHR forward, 5'‑TGA​ATG​
ATT​AAG​AGG​GAC​AAG​C‑3' and reverse, 5'‑AAG​CCC​AGA​
TTT​ACA​GGA​CAG‑3'; Rat 18S rRNA forward, 5'‑GAA​TTC​
CCA​GTA​AGT​GCG​GGT​CAT​A‑3' and reverse, 5'‑CGA​GGG​
CCT​CAC​TAA​ACC​ATC‑3'. miR‑125b forward, 5'‑CGG​GCT​
CCC​TGA​GAC​CCT​AA‑3' and reverse, 5'‑CAG​CCA​CAA​
AAG​AGC​ACA​AT‑3', miRNA/U6 forward, 5'‑CCT​GCT​
TCG​GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​
ATT​TGC​GT‑3'. The qPCR Fluorescence Quantitation kit 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) and 
the CFX384 Touch™ Real‑Time PCR Detection System 
(Bio‑Rad Laboratories, Inc.) were used for detecting AR and 
FSHR expression. The TaqMan® Fast Advanced Master Mix 
(Thermo Fisher Scientific, Inc.) and the CFX384 Touch™ 
Real‑Time PCR Detection System (Bio‑Rad Laboratories, 
Inc.) were used for detecting miRNA‑125b expression. 
The reaction for detecting AR and FSHR expression was 
performed in a 10‑µl system (5, 0.2, 0.2, 1, 0.2 and 3.4 µl of 
2X ChamQ SYBR qPCR Master Mix (Applied Biosystems; 
Thermo Fisher Scientific, Inc.), forward primer 10  µM, 
reverse primer 10 µM, template DNA, 50X ROX Reference 
Dye 1, nuclease‑free H2O, respectively). The program was set 
to two steps for real‑time quantitation: Initial denaturation 
was performed at 95˚C for 10  min. Subsequently, each 
denaturation was 95˚C for 15 sec, followed by an annealing 
elongation at 63˚C for 30 sec. The above steps comprised 
one cycle and there were 40 cycles in total. The reaction 
for detecting miR‑125b expression was performed in a 
20‑µl system [SDW 7.5 µl, TaqMan® Fast Advanced Master 
Mix (2X) 10.0 µl, miRNA‑125b forward 0.5 µl, universal 
miRNA‑125b reverse 0.5 µl, universal TaqMan probe 0.5 µl 
and template DNA 1.0 µl]. The program was set to two steps 
for real‑time quantitation: Initial denaturation was performed 
at 50˚C for 2 min. Subsequently, each denaturation was 95˚C 
for 5 sec, followed by an annealing elongation at 60˚C for 
25 sec. The above steps comprised one cycle and there were 
40 cycles in total. The fluorescence value was read during 
each extension stage and the dissolution curve was prepared 
after the end of the cycle. Each sample was analyzed in 

Figure 1. Flow diagram of the study. TG, tripterygium glycosides.
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triplicate and ultimately, the relative expression levels of each 
gene were calculated with the 2‑∆∆Cq method (23).

Histopathology. The right ovaries from eight sacrificed 
rats in each group were fixed in 4% paraformaldehyde for 
histopathological examination. After fixation, each tissue 
sample was routinely processed and embedded in paraffin. 
Subsequently, they were sectioned at 4 µm thickness and 
stained with H&E for observation. Ovarian follicles were 
classified into the primordial follicle (an oocyte surrounded 
by one layer of flattened graunlosa cells), the primary follicle 
(an oocyte surrounded by one layer of cuboidal graunlosa 
cells), the secondary follicle (two or three layers of cuboidal 
granulose cells with no antral space) and antral follicle (more 

than four layers of granulosa cells with one or more independent 
antral spaces) (16). Atretic follicles contained ≥20 apoptotic 
granulosa cells, disorganized granulosa cells, fragmentation 
of the oocyte nucleus or a degenerating oocyte. The number 
of primary follicles, secondary follicles, antral follicles and 
atretic follicles was calculated according to the morphological 
characteristics of follicles in the different groups.

Stat ist ical analysis.  Values a re expressed as the 
mean  ±  standard deviation. The statistical analysis 
was performed by SPSS 22.0 statistical software (IBM 
Corporation). Statistical significance was determined by 
one‑way ANOVA with Tukey's post‑hoc test. The difference 
in estrus stages among the different groups was analyzed by 

Figure 2. Moxibustion stimulation improves tripterygium glycoside‑induced histopathological changes in rats. Histopathology images of ovaries from (A) the 
blank group, (B) model group, (C) moxibustion group 1 and (D) moxibustion group 2 (H&E staining; original magnification, x20, x200 and x400, in column 1, 
2 and 3, respectively). The blue, red and black arrows indicate atretic follicles, mature follicular cells and the ovarian granuloma cells, respectively.
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using the χ2 test. P<0.05 was considered to indicate statis‑
tical significance.

Results

Moxibus t ion  s t imula t ion  improves  t r ip ter ygiu m 
glycoside‑induced histopathological changes in rats. As 
presented in Fig. 2 and Table I, compared with the blank 
group, the number of atretic follicles was significant 
increased in the model group (5.00±1.15 vs. 9.12±2.45, 
P<0.001), while the number of mature follicular cells was 
decreased and the ovarian granuloma cells were observed 
to be undergoing significant apoptosis, with rare corpus 
luteum. Compared with the model group, the number 
of atretic follicles in both moxibustion group 1 and 
moxibustion group 2 were significantly reduced (9.12±2.45 
vs. 7.00±3.15, P<0.05 and 9.12±2.45 vs. 5.44±1.69, P<0.05, 
respectively). The number of mature follicular cells was 
increased with enhanced corpus luteum and decreased 
apoptotic ovarian granuloma cells as compared with the 
model group.

Changes in the estrus stages in rats. As presented in Table II, 
the estrus stage of rats in the blank group was regular, while the 
stages were expanded to different degrees in the model group, 
moxibustion group 1 and moxibustion group 2 in comparison 
to the blank group, particularly in the model group (P<0.05). 
A portion of the rats in the model group continued to exhibit 
diestrus. No significant difference was observed between 
the moxibustion group and the blank group. No significant 

difference was observed between the moxibustion group and 
the model group.

Moxibustion attenuates DOR‑associated changes in AMH, 
FSH and E2 in serum. The serum concentrations of AMH, 
FSH and E2 were analyzed to evaluate ovarian function. As 
presented in Fig. 3A, AMH levels were significantly reduced 
after modeling compared with the blank group (2.24±0.18 
vs. 2.94±0.30 pmol/l, P<0.01), while they were increased in 
Moxibustion group 1 and Moxibustion group 2 compared with 
the model group (2.59±0.35 vs. 2.24±0.18 pmol/l, P=0.153 and 
2.74±0.30 vs. 2.24±0.18 pmol/l, P<0.05, respectively). There 
was no difference in AMH levels between the 2 moxibustion 
groups.

As presented in Fig.  3B, FSH levels significantly 
increased after establishing the model (1,725.32±138.96 vs. 
3,616.87±262.46 pg/ml, P<0.001). FSH levels were reduced in 
Moxibustion group 1 and Moxibustion group 2 compared with 
the model group (3,142.52±290.95 vs. 3,616.87±262.46 pg/ml, 
P<0.05 and 3,109.37±317.38 vs. 3,616.87±262.46 pg/ml, P<0.01, 
respectively). There was no difference in FSH levels between the 
2 moxibustion groups. As indicated in Fig. 3C, serum E2 levels 
were significantly increased in the model group compared with 
the blank group (41.45±3.88 vs. 22.14±3.24 pmol/l, P<0.001); 
they decreased significantly in Moxibustion group 2 compared 
with the model group (30.53±3.64 vs. 41.45±3.88  pmol/l, 
P<0.01). Significant differences in E2 levels were observed 
between Moxibustion group 1 and Moxibustion group 2 
(40.30±6.16 vs. 30.53±3.64 pmol/l, P<0.01).

Moxibustion stimulation attenuates DOR‑associated changes 
in T, DHEA and DHT levels in serum. As T, DHEA and DHT 
are the three major androgens and changes in their levels 
affect ovarian function, their serum levels were analyzed 
to investigate whether there is an association between 
androgen balance and ovarian function after moxibustion 
treatment. As illustrated in Fig.  4A  and  B, T and DHEA 
levels significantly increased after establishing the model 
(101.24±9.76 vs. 230.80±21.03 pg/l, P<0.001 and 19.98±1.63 
vs. 28.49±2.63 ng/l, P<0.001, respectively). T levels were lower 
in Moxibustion group 1 and Moxibustion group 2 compared 
with the model group (209.10±16.22 vs. 230.80±21.03 pg/l, 
P=0.078 and 207.75±16.77 vs. 230.80±21.03 pg/l, P=0.064, 
respectively). No significant difference in T levels was 

Table II. Changes in estrus stages in the rats.

Group	 Total number	 Normal	 Extension	 Disorder

Blank	 8	 7	 1	 0
Modela	 8	 1	 4	 3
Moxibustion 1	 8	 3	 4	 1
Moxibustion 2	 8	 4	 4	 0

aP<0.05 vs. blank group. Extension is defined as estrus stages that 
lasted >5 days. Disorder is defined as estrus cycles that could not be 
observed or continued to be diestrus.

Table I. Number of various types of follicle per ovary in the different groups.

Group	 Primary follicles	 Secondary follicles	 Antral follicles	 Atretic follicles

Blank	 7.00±3.09	 5.38±2.06	 3.37±0.89	 5.00±1.15
Model	 4.50±2.97	 3.50±1.26a	 2.71±1.44	 9.12±2.45b

Moxibustion 1	 4.90±2.02	 5.57±1.91c	 3.50±1.96	 7.00±3.15c

Moxibustion 2	 7.33±3.25c,d	 4.67±1.94	 4.89±5.14	 5.44±1.69c

χ2	 4.370	 4.099	 1.577	 10.813
P‑value	 0.007	 0.010	 0.204	 0.000

Values are expressed as the mean ± standard deviation. aP<0.05, bP<0.001 vs. blank group; cP<0.05 vs. model group; dP<0.05 vs. moxibustion 
group 1.

https://www.spandidos-publications.com/10.3892/etm.2021.10664
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observed between moxibustion group and model group. No 
difference in T levels was observed between the 2 moxibus‑
tion groups. Serum DHEA levels decreased in Moxibustion 
group 1 as compared with the model group (24.77±3.11 vs. 
28.49±2.63 ng/ml, P<0.05), but no significant difference was 
observed in Moxibustion group 2 compared with the model 
group (26.10±2.36 vs. 28.49±2.63 ng/ml, P=0.324).

As presented in Fig. 4C, DHT levels significantly decreased 
after establishing the model (34.20±3.60 vs. 18.41±1.81 nmol/l, 
P<0.001), while they increased in Moxibustion group 1 
and Moxibustion group 2 compared with the model group 
(27.28±2.83 vs. 18.41±1.81 nmol/l, P<0.001 and 23.19±3.77 
vs. 18.41±1.81 nmol/l, P<0.05, respectively). DHT levels were 
higher in Moxibustion group 1 than in Moxibustion group 2 
(27.28±2.83 vs. 23.19±3.77 nmol/l, P=0.058). No significant 
difference in DHT levels was observed between Moxibustion 
group 1 and Moxibustion group 2.

Effects of moxibustion stimulation on AR expression in the 
ovary with DOR. AR is an essential factor required for the 
androgen during follicular development. Thus, AR expres‑
sion in the ovary was determined to assess whether there 
was any change after moxibustion treatment. As presented in 
Fig. 5, the relative mRNA expression of AR was decreased 
after establishing the model (0.54±0.22 vs. 0.40±0.23, 
P=0.193). Compared to the model group, the AR content 
of the ovary was increased in Moxibustion group 1 and 
Moxibustion group 2 (0.40±0.23 vs. 0.55±0.24, P=0.130 and 

0.40±0.23 vs. 0.58±0.13, P=0.062, respectively). There was 
no significant difference in AR mRNA expression between 
each group.

Moxibustion stimulation induces different changes in FSHR 
and miR‑125b expression in the ovary. Since FSHR and 
miRNA‑125b are two different regulators of the AR‑mediated 
signaling pathway, their expression in the ovary was analyzed 
to investigate whether their expression is affected by DOR and 
different methods of moxibustion treatment. As presented in 
Fig. 6A and B, the relative expression of FSHR mRNA and 
miR‑125b decreased after establishing the model (1.16±0.56 
vs. 0.79±0.55, P=0.109 and 2.22±1.72 vs. 0.01±0.01, P<0.001, 
respectively). There was no significant difference in FSHR 
mRNA expression between blank group and model group. 
Compared to the blank and model groups, the FSHR content in 
the rat ovary of Moxibustion group 2 was significantly increased 
(1.16±0.56 vs. 2.55±0.47, P<0.001 and 0.79±0.55 vs. 2.55±0.47, 
P<0.001, respectively). However, there was no difference in 
FSHR mRNA in the ovaries between Moxibustion group 1 
and the model group (1.03±0.28 vs. 0.79±0.55, P=0.457). 
miR‑125b was not changed in Moxibustion group 2 compared 
with the model group (0.19±0.12 vs. 0.01±0.01, P=0.934), but 
a significant increase was observed in Moxibustion group 1 
(1.18±0.53 vs. 0.01±0.01, P<0.01). Significant differences 
in FSHR and miR‑125b mRNA expression were observed 
between Moxibustion group 1 and Moxibustion group 2 
(1.03±0.28 vs. 2.55±0.47, P<0.001 and 1.18±0.53 vs. 0.19±0.12, 
P<0.01, respectively).

Figure 3. Effects of pre‑disease or early‑disease moxibustion intervention on 
serum levels of AMH, FSH and E2 in the different groups. Serum levels of 
(A) AMH, (B) FSH and (C) E2. Values are expressed as the mean ± standard 
deviation. *P<0.05, **P<0.01, ***P<0.001. AMH, anti‑mullerian hormone; 
FSH, follicle‑stimulating hormone; E2, estradiol.

Figure 4. Effects of pre‑disease or early‑disease moxibustion intervention 
on serum levels of T, DHEA, and DHT in the different groups. Serum 
levels of (A)  T, (B)  DHEA and (C)  DHT. Values are expressed as the 
mean ± standard deviation. *P<0.05, **P<0.01, ***P<0.001. T, testosterone; 
DHEA, dehydroepiandrosterone; DHT, dihydrotestosterone.
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Discussion

Previous studies have indicated that moxibustion is effective 
in improving ovarian function, but most of them focused on 
treatments of disease states and there is a lack of studies on 
‘prevention’. Wang et al  (24) found that moxibustion could 
reduce the rate of estrus cycle disorder, improve the level of 
serum sex hormones and antioxidant stress in DOR rats, and 
the mechanism may be related to the regulation of Nrf2/HO‑1 
signaling pathway. Yang et al (13) found that moxibustion could 
improve ovary function by suppressing apoptosis events and 
upregulating antioxidant defenses in the natural aging ovary.

Combined with the variation rule of reproductive aging, 
the average fertility of females reaches a peak at the age of 25 
and then begins to decrease, declining rapidly after 35 years 
of age (25). The reduced fertility is manifested as a reduction 
in the number and quality of follicles in the ovary. In addition 
to the natural aging of the ovary, genetic, iatrogenic, environ‑
mental and psychological factors may also cause a premature 
decline in ovarian function and eventually DOR in certain 
females (26,27). DOR is a precursor of POF. The transition 
from DOR to POF is a gradual dynamic evolution process. 
If DOR cannot be treated in a timely manner and prevented 
from progressing, POF will develop (28‑30). Therefore, certain 
scholars have proposed a ‘peri‑premature ovarian failure 
stage’ (31) and the gradual physiological decline in the ovary 
and DOR occur at this stage. According to the TCM theories of 
‘preventing disease in healthy states’ and ‘preventing progres‑
sion in disease states’ (32), if prevention measures are applied 
prior to or early in the ‘peri‑premature ovarian failure stage’, 
they may effectively protect and improve ovarian function. 
The experiments of the present study aimed to verify this 
hypothesis.

The present study indicated that moxibustion prior to 
establishing DOR in a rat model or during the early stage 
of model establishment may protect ovarian function and 
alleviate ovarian injury caused by Tripterygium wilfordii. 
The present experiments demonstrated that after 2 weeks 
of tripterygium glycosides administration, the serum levels 
of AMH, FSH and E2 in rats were significantly different 
from those in the blank group. The rats' estrus cycle in the 
model group was disordered, indicating that the model was 
established successfully and stable. Both pre‑disease and 
early intervention with moxibustion rescued the increase 
in FSH levels and the decrease in AMH levels induced by 
tripterygium glycosides. The E2 level in moxibustion group 

1 was not different from that in the model group, while the 
E2 level in moxibustion group 2 was significantly lower than 
that in the model group. AMH, FSH and E2 are common 
indicators to evaluate ovarian reserve and are frequently 
used jointly (33,34). An increase in FSH levels is related to 
a decrease in ovarian reserve. Elevated FSH levels promote 
the early recruitment and growth of follicles and thus produce 
higher E2 levels. However, the increase in FSH in the early 
stage of DOR is not stable. Due to the negative feedback 
regulation of E2 on the secretion of FSH, the change in E2 is 
earlier than that of FSH (35). Previous studies indicated that 
the sensitivity and specificity of AMH in predicting ovarian 
response are better than those of FSH and E2 (36,37). The 
present results suggested that moxibustion intervention prior to 
disease onset and during the early disease stage may improve 
ovarian function. Of note, the effect of moxibustion treatment 
at the early disease stage was better than that prior to disease 
onset under the same treatment conditions.

The present study focused on the effect of moxibustion on 
the androgen balance in a rat model of DOR. The experimental 
results indicated that the T levels were reduced in both 
moxibustion groups. T and E2 are positively correlated. When 
T increases in vivo, the level of estradiol converted from T 
by aromatase increases, thus causing a positive correlation 
between the two, and the present results are consistent with 
those of a previously published study  (38). However, the 
increase in serum T and E2 levels in rats with DOR were 
compensatory. If ovarian function was to be further reduced 
and decompensated, the levels of T and E2 may decrease (38). 
After model establishment, the serum DHT levels in rats of 
the model group were lower than those in the blank group, the 
DHT levels in the two moxibustion groups were significantly 
higher than those in the model group and the serum DHT levels 
in moxibustion group 1 were higher than those in moxibustion 
group 2. A total of 20% of DHT is converted from T, which is 

Figure 5. Effects of pre‑disease or early‑disease moxibustion intervention 
on the relative expression of AR in the ovary. Rat 18S rRNA was used as 
reference gene. The relative mRNA expression of AR is shown in the y‑axis. 
Values are expressed as the mean  ±  standard deviation. AR, androgen 
receptor.

Figure 6. Pre‑disease or early‑disease moxibustion intervention increases 
FSHR and miR‑125b expression in the ovary. (A) FSHR levels; rat 18S rRNA 
was used as reference gene. The relative mRNA expression of FSHR is 
shown in the y‑axis and (B) miR‑125b levels in the ovary of different groups, 
miRNA/U6 was used as reference gene. The relative miRNA expression of 
miR‑125b is shown in the y‑axis. Values are expressed as the mean ± stan‑
dard deviation. **P<0.01, ***P<0.001. FSHR, follicle‑stimulating hormone 
receptor; miRNA/miR, microRNA.
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an indicator of androgen levels in peripheral tissues. DHT does 
not convert to E2 without aromatase and T is a major indicator 
reflecting the secretion of ovarian androgen (39,40). Therefore, 
DHT and T may have different trends. The present study also 
indicated that compared with the serum DHEA level in the 
blank group, the serum DHEA level in the model group was 
higher. The serum DHEA level in moxibustion group 1 was 
significantly lower but the serum DHEA level in moxibustion 
group 2 was the same as that in the model group. DHEA 
cannot directly exert its role and its conversion depends on 
its own production and the expression levels of metabolic 
enzymes in tissue. Furthermore, DHEA secretion has no 
negative feedback regulatory mechanism; it is an unstable 
androgen that acts as a ‘hormone buffer’ (41‑44). Therefore, 
after model establishment, higher DHEA levels may be 
associated with inhibition of DHEA conversion by T. wilfordii. 
However, prior to model establishment, moxibustion treatment 
may significantly reduce DHEA, indicating that DHEA may 
be one of the targets, revealing a mechanism underlying the 
prevention of POF by moxibustion.

The present study also indicated that AR expression 
in the model group rats was lower than that prior to model 
establishment, while AR expression in the two moxibustion 
groups was higher than that in the model group. AR is an 
important essential in androgen‑mediated signaling pathways. 
Studies have indicated that the female model of overall AR 
knockout exhibited reproductive defects, follicular develop‑
ment disorders and POF (45,46). AR may promote follicular 
development through two pathways  (6). First, it induces 
miR‑125b expression, which inhibits granulose cell apoptosis, 
avoiding follicular atresia. Furthermore, it enhances FSHR 
expression, increases FSH sensitivity and promotes granulosa 
cell proliferation and FSH‑mediated follicular growth and 
development. The present study also investigated the effect of 
moxibustion on the expression levels of FSHR and miR‑125b. 
It was observed that the expression levels of FSHR and 
miR‑125b in the model group were lower than those prior to 
model establishment, but the results for the two moxibustion 
groups were different. The content of miR‑125b in moxibus‑
tion group 1 was significantly higher than that in the model 
group, while the miR‑125b level in moxibustion group 2 was 
the same as that in the model group. However, the changes in 
the FSHR content were the opposite. In brief, the FSHR levels 
in moxibustion group 1 were the same as those in the model 
group, while the FSHR levels in moxibustion group 2 were 
significantly higher than those in the model group and even 
significantly higher than those in the blank group. Therefore, 
it may be speculated that moxibustion intervention prior to 
model establishment and at the early stage of model establish‑
ment may improve ovarian function via modulating different 
AR signaling pathways. Moxibustion treatment prior to model 
establishment is a preventive measure before disease onset and 
its function may be related to the delayed follicular atresia; 
moxibustion treatment at the early stage of model establish‑
ment is a treatment method for the early disease stage and 
its function may be related to an increase of FSH sensitivity. 
Therefore, it may explain why the outcomes of moxibustion 
group 1 and moxibustion group 2 were different even though 
the moxibustion regimens, sites and degree of stimulation 
were the same for the two moxibustion groups. Changes 

occurred in the acupoints' functional status after disease onset 
and action pathways change accordingly, which manifested as 
‘enhanced’ acupoint functions, resulting in ‘large responses 
to small stimulations’  (47,48). Studies have indicated that 
acupuncture also has a regulatory function on the rat HPOA 
under physiological conditions (49), which may explain why 
the FSHR levels in the moxibustion group 2 were significantly 
higher than those in the blank group of the present study.

A limitation of the study was that no placebo moxibustion 
was performed in a designated sham group. This problem will 
be addressed in in future studies. A higher concentration of 
chloral hydrate was more likely to cause abdominal inflam‑
mation, which could affect the ovaries that were harvested. 
Therefore, chloral hydrate with concentration of <5% may be 
used for anesthesia in future studies.

In summary, the present study suggested that moxibustion 
intervention both prior to disease onset and at the early disease 
stage improved ovarian function and their protective roles are 
associated with AR‑mediated androgen balance. However, the 
effects and mechanisms of the two moxibustion interventions are 
different. It may be speculated that to achieve the same ovarian 
protection effect, the treatment course of moxibustion prior to 
disease onset should be longer than that of moxibustion at the 
early disease stage; however, the appropriate duration of treatment 
and the time‑effect relationship require to be studied further.
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