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ABSTRACT

Objective: The increasing prevalence of infertility every year is in line with the increasing need for in vitro

fertilization (IVF) programs. Failure of oocyte maturation is an obstacle that often causes low success in IVF.

According to several studies, controlled ovarian stimulation (COS) has been reported to increase the risk of

granulosa-cell apoptosis associated with inhibition of oocyte maturation. This study was conducted to deter-

mine the effect of electroacupuncture (EA) on oocyte maturation; rate of fertilization; granulosa-cell apoptosis;

and levels of growth-differentiation factor 9 (GDF9) and bone-morphogenetic protein 15 (BMP15) an IVF

program.

Materials and Methods: A randomized controlled trial was conducted with 24 subjects who were in the IVF

program. Subjects were randomly allocated into verum-EA (n = 12) and sham-EA groups (n = 12). Microscopic

assessment of oocyte maturation and rate of fertilization was performed by embryologists, and examinations of

granulosa-cell apoptosis index (Bax/Bcl-2 ratio), GDF9, and BMP15 were performed, using real-time quan-

titative polymerase chain reaction and messenger-RNA techniques.

Results: There were significant differences in oocyte maturation (P = 0.02) and fertilization rates (P = 0.03) between

the verum-EA and sham-EA groups. There were differences in granulosa-cell apoptosis index between the verum-

EA and sham-EA groups (P < 0.001). There were significant differences in Bax-protein expression (P = 0.04) and

Bcl-2 (P = 0.03) granulosa cells between the verum-EA and sham-EA groups. There was no significant difference in

GDF9 levels (P = 0.34) and BMP15 (p = 0.47) between the verum-EA and sham-EA groups.

Conclusions: EA can enhance oocyte maturation and fertilization rate, and reduce the granulosa-cell apoptosis

index in an IVF program.
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INTRODUCTION

Controlled ovarian stimulation (COS) was intro-

duced in the early 1980s as part of a therapeutic method

in in vitro fertilization (IVF) to improve multifollicle de-

velopment, thereby increasing the number of oocytes at the

time of retrieval, which can then provide 1 or more embryos

to be transferred. This would eventually increase the preg-

nancy rate.1 One factor that has an important influence on

good embryo development is oocyte quality. The develop-

ment and maturation of oocytes is potentially a key success

factor for IVF.
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The two main hormone therapies used in COS are ana-

logue gonadotropin-releasing hormone (GnRH) and go-

nadotropin. In its development, the use of analogue GnRH

on COS, which suppresses the pituitary gland and prevents

the occurrence of a surge of luteinizing hormone (LH), was

considered to reduce oocyte maturation.2,3

Studies have suggested that analogous GnRH acts on specific

ovarian receptors that block gonadotropin actions, including

follicular development and differentiation,4 and increases ap-

optosis in granulosa-cell DNA fragmentation in mice with hy-

pofisectomy.5 Increased incidence of granulosa-cell apoptosis

is associated with low numbers of oocytes retrieved, empty

follicles, and low fertilization rates. Granulosa-cell apoptosis is

also a sensitive indicator in estimating oocyte quality in patients

undergoing IVF.3

The process of apoptosis in granulosa cells is activated

through an intrinsic pathway and is influenced by several

proteins and several other biomolecules. B-cell protein family

lymphoma gene-2 (Bcl-2) is a protein that is known to have a

large role in apoptosis. Members of the Bcl-2 protein family

are divided into 2 groups based on their roles in apoptosis,

namely the proapoptotic group Bcl-2–associated X (Bax) and

the antiapoptosis group (Bcl-2). Apoptosis is influenced

dominantly by the apoptotic index or the ratio of Bax/Bcl-2

found in granulosa cells.6,7

Administration of gonadotropin stimulates the formation

of multifollicular development. However, this multifollicle

development will occur in various amounts and functional

activities, so that it contains oocytes at various maturation

stages.8 Storage of maternal messenger RNA (mRNA) ac-

cumulated during folliculogenesis and exogenous gonado-

tropin administration accelerates nucleation maturation,

which results in insufficient storage of mRNA, resulting in

low oocyte and embryo-development quality.9

As a minimal risk therapy—and one that does not cause

serious side-effects—in recent years, acupuncture has also

been widely used as a complementary therapy in IVF pro-

grams. It is known that acupuncture can increase insulin-like

growth factor–1 (IGF-1)10 and vascular endothelial growth

factor (VEGF)11 in patients undergoing IVF. These factors

are among the survival factors that play a role in reducing

follicular apoptosis.12,13 In addition, acupuncture is also

known to increase blood flow to the reproductive organs.14,15

Yet, research on acupuncture effects on granulosa and oocyte

cells is limited. Therefore, this study was conducted to ex-

amine the effect of EA therapy on oocyte maturation index,

rate of fertilization, granulosa-cell apoptosis index, and

levels of growth-differentiation factor 9 (GDF9) and bone-

morphogenetic protein 15 (BMP15) in an IVF program.

MATERIALS AND METHODS

This study was a blinded randomized clinical trial, con-

ducted from September to November 2018, at the Dr. Cipto

Mangunkusumo Hospital, in Jakarta, Indonesia. The re-

search was a collaborative study between the Department of

Medical Acupuncture and the Department of Obstetrics and

Gynecology, both in the Faculty of Medicine at Universitas

Indonesia, of the Dr. Cipto Mangunkusumo Hospital, in

Jakarta, Indonesia.

Subjects

Women who fit the inclusion criteria for this study were

ages 30–39, with a body mass index (BMI) <29 kg/m2, who

underwent COS antagonistic protocols, signed research-

approval forms, and were willing to be in the study to

completion. Exclusion criteria for this study were subjects

with infections or swellings at the point locations and sub-

jects with pacemakers.

Based on the calculation of the formula, the sample size

needed for the verum-EA and the sham-EA groups—after

adding the possibility of a drop of 10%—was 12 subjects for

each group. The subjects were divided into the 2 groups,

with a computer-generated table containing random num-

bers. The groups were a verum-EA group (subjects who

received true manual acupuncture and EA interventions)

and a sham-EA group (subjects who received sham manual

acupuncture and sham-EA interventions).

Interventions

In the verum-EA group, the acupuncture points used were

GV 20 (Baihui), MAIC 3 (Endocrine), CV 4 (Guanyuan),

CV 3 (Zhongji), EX-CA 1 (Zigong), ST 36 (Zusanli), BL 57

(Chengsan), SP 6 (Sanyinjiao), and KI 3 (Taixi). Asepsis

and antisepsis were carried out, then a plaster (small med-

ical dressing) was applied to the place where the acupunc-

ture needle was puncturing. For each patient, the connecting

cable from the electrostimulator was connected to the acu-

puncture needle, then was activated by a continuous-wave,

low-intensity current that was comfortable for the patient. A

frequency of 2 Hz for 30 minutes was applied at CV 4, CV 3,

and EX-CA 1. Thermal deep penetration (TDP) was applied

20 cm above CV 3, CV 4, EX-CA 1.

In the sham-EA group, the needle was inserted in the

plaster pads at the same point locations but did not penetrate

the patient’s skin. The stimulator and TDP machines were

not turned on.

Acupuncture therapy was carried out 6 times, 2 times per

week, before COS and 4 times while each patient underwent

a COS antagonistic protocol.

The oocyte retrieval was carried out by an obstetrician/

gynecologist. Furthermore, follicular fluid was obtained as a

source of granulosa cells. Granulosa cells were then sent to the

INA-REPROMED research laboratory to check the mRNA

expression levels of Bax, Bcl-2, GDF9 and BMP15. Oocyte

maturation assessment was carried out microscopically by an

embryologist. The oocyte maturation index was obtained by

comparing the number of oocytes in the metaphase II stage,
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compared to the total number of oocytes retrieved when

picking up oocytes. Fertilization rates—which were normal if

2 pronuclei were found in the cytoplasm—were assessed

18–19 hours after an intracytoplasmic sperm injection (ICSI).

The rate of fertilization was obtained by comparing the

amount of normal fertilization with the total number of mature

oocytes retrieved after ICSI.

Ethics

This research was approved by the Medical Research Ethics

Committee of the Universitas Indonesia, in Jakarta, Indonesia

under No: 0867-8.UN2.F1 / ETIK / 2018 on August 27, 2018.

Statistical Analysis

Statistical analysis was performed using SPSS, version

20.0 (IBM Corp., New York, NY). A Student’s t-test was

applied when the variables were numerical data with normal

distributions. A per-protocol analysis was used in this study.

RESULTS

At the beginning of the study, data were collected from 28

subjects who were in the IVF program. Screening of research

samples according to inclusion criteria and exclusion criteria

was carried out, 1 subject was excluded because they were

more than 39 years old and 3 subjects were excluded due to a

BMI >29 kg/m2. Final data processing and analysis was car-

ried out on 24 research subjects. No differences were found

between the treatment group and the control group in the

characteristics of the subject of this study, so the characteris-

tics were homogeneous and feasible to compare (Table 1).

As can be seen in Table 2, there was a significant dif-

ference in the mean difference of the oocyte maturation

index between EA group (mean 85.58 – 16.68) and sham

EA group (mean 65.17 – 28.24), with a P-value is 0.02.

There was also a significant difference in the rate of fertil-

ization between the EA group (mean 64.83 – 17.86) and the

sham EA group (mean 48.83 – 22.13) with a P-value is 0.03.

The boxplot graphs can be seen in Figure 1 (oocyte matu-

ration) and Figure 2 (fertilization rate).

It can be seen the mean difference in Bax, Bcl-2, apo-

ptosis index, GDF9 and BMP15 between the two groups in

Table 3. For Bax, Bcl-2 and Apoptosis index there were

significant differences between 2 two groups, with P-values

are 0.047, 0.037, and <0.001 respectively. While the GDF9

and BMP15 were not significantly different (Table 3). The

boxplot graphs can be seen in Figure 3 (apoptosis index),

Figure 4 (GDF9), and Figure 5 (BMP15).

DISCUSSION

The quality of oocytes has an important role in embryonic

development. Low-quality oocytes have a low potential to

develop into good embryos, whereas high-quality oocytes

have higher potential to develop into good embryos, thus,

increasing the likelihood of a clinical pregnancy.16 The

quality of oocytes can be assessed from during the meiotic

stages, cytoplasmic competent development, fertilization,

and developmental capabilities to determine whether or not

an embryo will be good.17 The technique most often used to

evaluate the quality of oocytes in vitro is meiotic matura-

tion. Meiotic maturation assessment is a fast and noninva-

sive method that involves determining whether the oocytes

can reach the metaphase II maturation stage; but, even so,

this assessment does not provide information about the de-

velopment of the cytoplasm and molecular maturation.18

The current study results showed that the oocyte matu-

ration index in the verum-EA group was significantly

higher than that index in the sham-EA group (P = 0.02).

These results are parallel with previous studies by Cui

et al.19 and Li et al.,20 who examined the effect of EA on

the oocyte quality of patients with polycystic ovary syn-

drome (PCOS) undergoing IVF, and a study by Chen et al.

in patients with poor ovarian response (POR) who also

underwent IVF.21 All three studies showed improvements

Table 1. Demographic Characteristics

Characteristics

Verum

EA (n = 12)

Sham

EA (n = 12) P-value

Age (yr) (35.00 – 2,79) (34.33 – 3.72) 0.62*

BMI (kg/m2) (23.46 – 3,03) (23.41 – 2.60) 0.96*

Duration of

infertility (yr)

(6.12 – 3.64) (4.91 – 3.34) 0.41*

AMH (ng/mL) (1.73 – 1.13) (2.80 – 2.03) 0.13*

Causes of infertility

POR 6 (50%) 4 (33%)

PCOS 2 (17%) 1 (8%)

Tubal factor 1 (8%) 2 (17%)

Ovarian cyst 2 (17%) 2 (17%)

Endometrium factor 0 (0%s) 3 (25%)

Sperm factor 6 (50%) 4 (33%)

*Unpaired T test.

EA, electroacupuncture; yr, years; BMI, body mass index; AMH, anti-

Müllerian hormone; POR, poor ovarian response; PCOS, polycystic

ovarian syndrome.

Table 2. Differences in Oocyte Maturation

Index and Rate of Fertilization Between

Verum-EA Group and Sham-EA Group

Outcome EA (n = 12)

Sham EA

(n = 12) P-value

Oocyte

maturation (%)

88.5 (50.0–100.0) 71.0 (0–100.0) 0.02**

Fertilization

rate (%)

(64.83 – 17.86) (48.83 – 22.13) 0.03*

*Unpaired T test.

**Mann-Whitney test.

EA, electroacupuncture.
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in oocyte quality.19–21 This was in accordance with pre-

vious research that suggested that the success of IVF

programs was greater with acupuncture therapy, which

had begun since the COS stage than only around embryo-

transfer time.21 It was proven in this current study that

complementary acupuncture therapy performed be-

fore and during COS could increase oocyte maturation

significantly.

Fertilization rates in the verum-EA group were signifi-

cantly higher than in the sham-EA group (P = 0.03); see

FIG. 1. Boxplot graph of oocyte maturation indices in verum electroacupuncture (EA) group and in sham-EA group.

FIG. 2. Boxplot graph fertilization rates in verum electroacupuncture (EA) group and in sham-EA group.
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Table 2. Fertilization itself a process in which there is a

union between 2 parental gametes—namely, oocytes and

spermatozoa.22 Many factors influence both success and

failure of ICSI methods, such as oocyte quality, sperm

quality, and ICSI procedure techniques. In this study, better

oocyte maturation in the verum-EA group was an important

factor in producing a higher rate of fertilization.

This study was the first research on the effect of acupuncture

on the ratio of Bax/Bcl-2, GDF9, and BMP15-granulosa cells.

The close relationship between granulosa cells and oocytes can

make granulosa cells an oocyte-quality parameter. Apoptosis

is one of the events in granulosa cells that can be an oocyte-

quality parameter. Good-quality oocytes will have low

granulosa-cell apoptosis in the follicles.

Bax protein levels, compared to Bcl-2 protein in cells, as

well as Bcl-2 protein levels, compared to Bax protein levels

determine the fates of cells; their existence will be elimi-

nated or maintained through apoptotic events.6 Bax and Bcl-

2 are 2 proteins that have a role in regulating apoptosis in

cells activated by intrinsic pathways. According to Elmore,

the ratio between the expression of Bax protein to Bcl-2 is

one of the important things in determining cell fate and can

be a marker of the occurrence of apoptosis in cells.6

The results of this current research showed that, in the

granulosa cells of the verum-EA group, there was a lower

incidence of apoptosis. This is in accordance with the lit-

erature that states that EA plays a role in reducing the

incidence of apoptosis through the phosphatidylinositol 3-

kinase (PI3K/AKT) pathway.23 The main signaling pathway

of intracellular antiaptosis transduction is PI3K/AKT, which

is initiated by survival factors such as hormones and growth

factors. Granulosa cells have many survival factors, such as

Table 3. Differences in Apoptosis Index (Bax/Bcl-2 Ratio) Granulosa Cells, GDF9,

and BMP15 Between Verum-EA and Sham-EA Groups

Outcome Verum EA (n = 12) Sham EA (n = 12) P-value

Bax 2.05 · 10–6 (2.66 · 10–8 –2.80 · 10–4) 16.95 · 10–6 (1.30 · 10–6–1.45 · 10–4) 0.047**

Bcl-2 16.05 · 10–7 (3.75 · 10–8–8.92 · 10–5) 11.10 · 10–7 (3.61 · 10–8–8.99 · 10–7) 0.037**

Apoptosis index 0.63 (1.23 · 10–2–132.00) 83.95 (6.15 · 10–3–506.00) < 0.001**

GDF9 ( · 10–5 ng/lL) 6.10 (3.19–9.80) 5.38 (3.46–50.6) 0.34**

BMP15 ( · 10–8 ng/lL) 2.40 (0.04–8.33) 1.43 (0.04–130) 0.47**

**Mann-Whitney test.

Bax, Bcl-2–associated X; Bcl-2, B-cell protein family lymphoma gene-2; GDF9, growth-differentiation factor 9; BMP 15, bone-morphogenetic protein

15; EA, electroacupuncture.

FIG. 3. Boxplot graph apoptosis index in verum electroacupuncture (EA) group and in sham-EA group.

EFFECT OF ACUPUNCTURE IN IVF PROGRAM 293



FIG. 4. Boxplot graph GDF9 level in verum electroacupuncture (EA) group and in sham-EA group. GDF9, growth-differentiation factor 9.

FIG. 5. Boxplot graph BMP15 level in verum electroacupuncture (EA) group and in sham EA group. BMP15, bone-morphogenetic
protein 15.

294



IGF-1 and follicle-stimulating hormone (FSH), both of

which activate the PI3K/AKT pathway and regulate the tran-

scription of the FOXO1 gene that plays a role in the prolifera-

tion, differentiation, and survival of granulosa cells. One of the

growth factors is VEGF, which also plays a role in the prolif-

eration and cytoprotection of antral follicles and granulosa cells

through the PI3K / AKT and ERK/MEK pathways.13

In contrast to the results of previous studies, the results of

this current study indicated that there were no significant

differences in the levels of GDF9 and BMP15 between the 2

EA groups; but, the verum-EA group had a higher oocyte

maturation rate, compared to the sham-EA group. In theory,

normally GDF9 and BMP15 have an important role in fol-

licular growth and oocytes, including oocyte maturation,

but, certain circumstances can affect GDF9 and BMP15

levels. According to several studies, the GDF9 and BMP15

levels in primary, secondary, and tertiary follicles was sig-

nificantly lower in patients with PCOS, compared with

controls; thus, these levels might be associated with im-

paired follicular development in patients with PCOS.24,25

One theory states that there might be GDF9 or BMP15 gene

mutations in patients with less than normal ovarian reserves,

such as patients with POR, which can result in differences in

the GDF9 or BMP15 levels, compared to women with

normal ovarian reserves.26–28

Two previous studies, by Li et al.16 and Gode et al.,29 which

examined GDF9 levels and BMP15 in women who underwent

ICSI, had almost the same exclusion criteria including a his-

tory of poor response to ovarian stimulation, endometriosis,

and PCOS. The exclusion of patients with POR and PCOS

made the samples more homogeneous and reduced the con-

ditions affecting subjects’ levels of GDF9 and BMP15; thus

these studies produced levels of GDF9 and BMP15 in their

subjects that were in accordance with their increases in oocyte

maturation. Compared to previous studies, this current study

did not makes the diagnoses of POR and PCOS exclusion

criteria. Thus, the current study reflects the situation in the field

(an IVF clinic) better, where patients heterogeneous diag-

noses. What is more, PCOS and POR are also the most-

common infertility factors in patients undergoing IVF.

The point selections were chosen based on research by Cui

et al.19 and Villahermosa et al,30 which improved oocyte

quality, oocyte counts, and fertilization rates of patients un-

dergoing IVF. These points included CV 4,CV 3, EX-CA 1,

ST 36, SP 6, and KI 3. Of note, SP 6 and CV 4 were chosen

because they can regulate hormone levels (estradiol, FSH,

LH, GnRH) in the hypothalamic–pituitary–ovarian axis

(HPOA).31 Endocrine point MA-IC 3 was chosen because of

its location in the deepest indentation of the cavum concha

and in the indentation of the intertragus, including the au-

ricular area that is innervated by the auricular branch of the

vagus. Stimulation of MA-IC3, thus, activates the vagus

nerve, which is an important part of the parasympathetic

nervous system.32 BL 57 was chosen because it corresponds

to a dermatome as high as S1–S2 part of the pelvic nerve

plexus that affects the parasympathetic/autonomic nervous

system to the reproductive organs and is known to increase

blood flow to the ovaries and uterus.14,33 GV 20 and ST 36

were chosen because they can increase antiapoptotic factors

such as Akt, Bcl-2, and Bcl-xL, and can increase VEGF.34

The mechanism underlying EA therapy can improve oocyte

maturation is not certain. However, it is known that acupunc-

ture and EA therapy can inhibit pain perception by increasing

several neurotransmitters, such as b-endorphins. The rela-

tionship between central endorphin and reproductive function

involves a direct and indirect relationship to GnRH that affects

LH and FSH.35 The effect of acupuncture on primary ovarian

insufficiency (POI) indicates that acupuncture can modulate

the HPOA by regulating FSH, LH, and estrogen.31,36

In addition to the hypothesis concerning the HPOA,

modulation of autonomic-nerve function was also proposed

as the reason acupuncture produces a therapeutic effect on

reproductive disorders. A review of the showed that acu-

puncture stimulation in the sacral nerve region—that forms

the pelvic and autonomic nerves that innervate the organs in

the lower abdominal area—can increase vagal activity and

suppress sympathetic activity.37 In 2 studies, EA in the

lower abdomen increased ovarian blood flow.33,38 Other

researchers found that acupuncture increased IGF-1 levels

in the endometrium and follicular fluid, and also improved

egg and embryo quality.10,39 Other studies showed that

acupuncture regulated levels of VEGF, interleukin (IL)–15,

and IL-18 in rats given COS.40 It is known that IGF-1 and

VEGF are both survival factors that play a role in the an-

tiapoptotic pathway, resulting in increased oocyte matura-

tion and decreased granulosa-cell apoptosis.

Limitations of this study were: (1) granulosa cells origi-

nating from small-diameter follicles and large-diameter

follicles, when oocytes were retrieved, were not analyzed

separately; (2) patients had heterogeneous diagnoses of their

infertility; (3) there are no data on whether the patients had

repetitive IVF or if this was their first attempts; (4) there are

no data on whether the patients used Chinese herbal medi-

cine or not. Further research with larger sizes and other

biomarker outcomes is needed.

CONCLUSIONS

Verum EA might increase the oocyte maturation index,

the rate of fertilization, and decrease the apoptosis index

(Bax/Bcl-2 ratio) in granulosa cells compared to sham EA in

IVF programs.
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