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Abstract
Purpose The purpose of this study was to explore the molec-
ular pathway of BSTCR (Bu Shen Tiao Chong recipe) in
retrieving diminished ovary reserve (DOR).
Methods The DOR model was established through injecting
cyclophosphamide and the effect of BSTCR was examined
under this background.
Results BSTCR was shown to restore depleted brain-derived
neurotrophic factor (BDNF), CDC2, cyclin B, GSH1, and P38
levels as well as impaired oocyte maturation and the higher
apoptosis induced in DOR. BSTCR also enhances the re-
sponse of oocytes to in vitro fertilization, with higher implan-
tation rate, birth rate, and placenta weight.
Conclusion BSTCR might exert its beneficial role in oocyte
maturation and restore DOR through regulating the BDNF
pathway. And this pathway itself is probably through the con-
sequence on several serum hormones such as FSH, E2,
Inhibin B, etc.
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Abbreviations

IVF In vitro fertilization
FSH Follicle-stimulating hormone
E2 Estradiol
AMH Anti-Müllerian hormone
INHB Inhibin B
BDNF Brain-derived neurotrophic factor
BSTCR Bu Shen Tiao Chong recipe
DOR Diminished ovarian reserve
ICM Inner cell mass
TE Trophoblast

Introduction

Female mammals have hundreds of thousands of oocytes al-
ready at the time of birth. The process of oogenesis starts in
fetal ovaries with the development of oogonia from primordial
germ cells. Each oogonium in the fetal ovaries divides and
enters the initial stage of meiosis (meiosis I) to become diploid
primary oocyte, which does not complete meiosis I but stops
at the first meiotic prophase stage until puberty. At this stage
of development, the oocyte nucleus is called the germinal
vesicle. Although meiosis in primary oocytes is arrested, their
chromosomes continue to synthesize amounts of mRNA and
rRNA, which are later used to generate a mass of essential
proteins needed for further oocyte maturation and the devel-
opment of any fertilized oocytes and embryos [1]. Oocytes,
combined with its surrounding supported cells called granulo-
sa cells and theca cells (both are somatic cells), formed folli-
cles [2]. The ovarian cortex contains follicles at different de-
velopmental stages [3, 4]. These are named preantral or antral
follicles, based on the absence or presence of a cavity, respec-
tively. Preantral follicles are usually classified into three
stages: primordial, primary (those with a single layer of cu-
boidal granulosa cells), or secondary follicles (those with
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stratified granulosa cells) [5]. Thecal cells begin to emerge and
form a layer around the granulosa layers after the formation of
secondary follicles [6]. After puberty and throughout the fe-
male reproductive life span, just a few (15–20) primary
oocytes/follicles are recruited during each menstrual cycle,
then only one oocyte in the dominant follicle matures and
ovulated at the antral stage while most follicles undergo atretic
degeneration [5–7]. Follicular atresia is regulated partially
through an apoptotic process. The death ligand–receptor sys-
tem, B cell lymphoma/leukemia 2 family members, and X-
linked inhibitor of apoptosis protein were all involved [8, 9].
During maturation, the primary oocyte finishes meiosis I and
divides into two daughter cells: a haploid secondary oocyte
and an extruded nonfunctional polar body. Meiosis does not
completely finish, but is arrested again at the metaphase II
stage and terminates after successful fertilization by a sperm
when the second polar body is extruded [1].

In the pre-ovulatory follicle, the oocyte is surrounded by
cumulus cells, a specialized type of granulosa cell, distinct
from the mural granulosa cells that line the antrum [10]. The
cumulus–oocyte complex (COC) composed of the female
gamete and the surrounding cumulus cells is a complete func-
tional and dynamic unit playing a pivotal role in oocyte me-
tabolism during maturation [11–13].

The brain-derived neurotrophic factor (BDNF) is a member
of a family of neurotrophic factors that includes nerve growth
factor as well as neurotrophin 3 (NTF3), NTF4/5, and NTF6
[14]. BDNF binds to and activates either neurotrophic tyrosine
kinase receptor 2, also known as TrkB, or p75 to exert its roles
[15]. BDNF is expressed in both oocytes and granulosa cells/
cumulus cells [16, 17]. It plays important roles in the devel-
opment and maturation of oocytes [18–20]. It is also involved
in mitochondria assembly and mobility [21], meiotic spindle
configuration, and cortical granule distribution during oocyte
maturation [19, 22], preventing damage to cultured neurons
induced by exogenous oxidants [23], inhibiting the activity of
both endogenous cdk1 and exogenously expressed cdk1/
cyclin B1 complex [24], prohibiting JNK and P38 activation
in stress conditions, and increasing cell viability [25].

A suit of Bu Shen Tiao Chong recipe (BSTCR) includes:
medicinal Indian mulberry root (10 g), Szechuan lovage rhi-
zome (6 g), Chinese angelica (10 g), mayflower Solomon’s
seal rhizome (15 g), desertliving cistanche (10 g), prepared
rehmannia root (15 g), South Dodder seed (15 g), Chinese
magnolia vine fruit (6 g), and epimedium herb and fluorite
(15 g). The mixture was concentrated into a decoction of
40 ml through boiling. The decoction was stored in 4 °C until
use. BSTCR was usually taken by women orally and is effec-
tive in treating premature ovarian failure as well as infertility,
presented with diminished ovarian reserve [26, 27]. Women
with reduced ovarian reserve often respond poorly to con-
trolled ovarian stimulation, resulting in the retrieval of fewer
oocytes, producing poorer quality embryos and reduced

implantation rates and pregnancy rates [28]. It was shown that
BSTCR could stimulate granulosa cell proliferation and ste-
roid hormone secretion through promoting Inhibin B (INHB)
and IGF-1 mRNA expressions in granulosa cells [29].
However, the exact mechanism of BSTCR benefitting follicle
development and maturation is still to be elucidated. In this
study, we show that BSTCR improves follicle development,
increases the number of copies of mitochondria DNA, recon-
structs spindle and mitochondria assemblies, restores inner
cell mass and trophoblasts, enhances implantation rate and
live birth index, and regains placenta weight. These benefits
might be at least partially due to regulating the BDNF
pathway.

Material and methods

Animal model

Diminished ovarian reserve (DOR)mice at age 12weeks were
established by injecting 1.8–2mg cyclophosphamide intraper-
itoneally for five consecutive days into Institute of Cancer
Research (ICR) mice (around 25 g each) of SPF grade (spe-
cific pathogen free). DOR mice present normal daily activity
without changing eating habits or being dead.

Grouping

Animals were randomly allocated into four groups (n=30 in
each group): group A is the control group (wild-type ICR
mice); group B is the model group (DOR mice); group C is
the BSTCR group (DOR mice injected with 0.5 mg BSTCR
intraperitoneally); and group D is the DHEA group (DORmice
injected with 0.4 mg dehydroepiandrosterone, DHEA). DHEA
here is used as a positive control due to its role in improving
ovarian function, increasing pregnancy chances, and lowering
miscarriage rates by reducing aneuploidy [30]. No mice died in
any group until killed. BSTCR manufacture and drug adminis-
tration was performed as previously reported [31].

Ovary and oocyte collection

Pregnant mare's serum gonadotropin (PMSG, 10 i.u.) was
injected intraperitoneally into mice (n=10 in each group) dur-
ing proestrus to promote follicle development. Human chori-
onic gonadotropin (HCG, 10 i.u.) was injected intraperitone-
ally into each mouse 48 h later to induce ovulation. Then,
mice were killed by cervical dislocation 16 h after. The
fallopian tubes were isolated together with the uterus. COCs
were harvested through piecing the bulging part of the
fallopian tube. COCs were digested with hyaluronidase at
30 μg/ml (Sigma, H3506) for 30 s and oocytes were harvest-
ed, as previously reported. Oocytes [32] in meiosis metaphase
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II were collected to be stained with markers or observed di-
rectly under a microscope or used for in vitro fertilization
(IVF). On the other hand, ovaries were also collected from
animals that were not administrated with PMSG and HCG.
They were embedded in paraffin and then sectioned at a thick-
ness of 5 mm to be used for hematoxylin and eosin (HE) or
other staining after being rehydrated. The mitochondria was
marked by a mitotracker (invitrogen M7514), which was in-
cubated with samples at 37 °C for 25°min. The number of
mitochondria DNA was assessed as previously reported and
ethidium bromide was used to inhibit mitochondrial DNA
(mtDNA) replication [33]. Apoptotic cells were marked by
TUNNEL staining using commercially available kits from
Biyuntian (C1068). In short, the samples were digested with
DNAase-free proteinase K and then incubated with a mixture
of fluorescent labeling solution, TdT enzyme, and TUNEl
detecting solution, which were provided with the kit to visu-
alize apoptotic cells. Caspase-3 was labeled by histochemical
staining using anti-caspase 3 at 1:100 (MK1247, Boster/
China) and then visualized by DAB. Microtubules were la-
beled by an anti-alpha tubulin antibody (ab125267, Abcam) at
1:200 for 2 h at room temperature. Cells were counter-stained
by propidium iodide (PI) before being observed under a
microscope.

Follicle count

Follicles were classified as preantral if they contained an oo-
cyte with a visible nucleolus, have more than one layer but
less than five layers of granulosa cells, and lacked an antral
space. Follicles were classified as antral if they contained an
oocyte with a visible nucleolus, more than five layers of gran-
ulosa cells, and/or an antral space. Follicles were classified as
atretic if they contain only the corpora luteum, as described

previously [34]. Six ovaries were counted in each group and
the total counted follicles in each group were added.

In vitro fertilization

Healthy 10- to 12-week-old ICR male mice of SPF grade
(n=10) were selected (weight, 30–35 g) and killed by cervical
dislocation. Six mice were included in each group (24 mice
used in total). Sperms were spilled upon isolating and scissor-
ing the cauda epididymis. After 1.5 h of capacitation, sperms
were combined with mature isolated ovum at a final concen-
tration around 105–106/ml. After 6 h of IVF, the rates of pro-
nuclear formation and oocyte fertilization were determined
after the granulosa were washed off. Rates of the formation
of the blastula and two-cell embryo were also obtained and
recorded, as previously reported [32]. Inner cell mass differ-
ential staining was performed in the blastula to count the num-
bers of inner cells and trophoblasts, as previously reported
[35]. Then, the blastula was implanted into the uterus of ICR
mice that were pseudo-pregnant for 2.5 days according to
published procedures [32]. Pregnancy rate and implantation
rate were decided according to published methods [32] and
examined 6.5 days later when mice were killed and dissected
(n=6 in each group). Birth rate (stillbirths were excluded) was
decided 11 days later (17.5 days from implantation). Body
weight and placenta weight were recorded 7 days after neona-
tal mice were born.

Quantitative RT-PCR

mRNA was extracted from oocytes that were isolated
from mice and was reverse-transcribed [36] and quan-
tified by qPCR using SuperScript III Platinum SYBR
G r e e n O n e - S t e p q P CR K i t f o l l o w i n g t h e

Fig. 1 Cyclophosphamide injection results in decreased numbers of
preantral and antral follicles but increased number of atretic follicles
compared to the control (left upper HE staining images) as shown in
ovaries (HE staining) which represent DOR (right upper HE staining
images). Both BSTCR and DHEA treatments restore these follicle
changes (left lower and right lower HE staining images, respectively).

All HE staining images were taken at ×10 magnification. Follicles were
also quantified by a histogram: the blow column represents the control
mice, while the brow column indicates DOR mice; light green column
represents mice with BSTCR treatment, while purple column stands for
mice with DHEA treatment. The Y-axis represented the number of
follicles. *P< 0.05, #P< 0.01
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manufacturer’s instruction (Life Technology 11746-
100). Relative gene expression was calculated with
the 2−ΔΔCt method.

Primers

GSH1 Fo rw a r d : -GATTCTGGATTTTGGG
CTGGCTCG
GSH1 Rev e r s e : -ATCGTCTCCAGTAGAT
CGACAGCC
CDC2 Forward: -ATGGGGCGGAAGAAAATTACAA
CDC2 Reverse : -GACTGTCGACAGACATT
GAGAAGTT
Cyclin B Forward: -CCCCTGTCAACACCGGGAC
Cyclin B Reverse: -ACATGCTCTGCGCTTTGCC
GAPDH Forward: GGCATGTGGAAGGCTCA
GAPDH Reverse: GGGATGCAGGGATATGTCT
BDNF Forward : -GTGGCAGCTTATGATGC
TATTGAA
BDNF Rev e r s e : - TTTGATCCGGACAAAT
CTCTTGCC
TrkB Forward: -ACTGAACTTCGGGGTACTTG
TrkB Reverse: -CCACTTGGTGGTTTGCTACGAT

Western blot

Western blot was performed using protein extracts from oo-
cytes following routine protocols using antibodies from
Abcam.

Primary antibodies against CDC phosphorylated P38
(ab178867was incubated with cellulose membrane containing
primary oocyte extracts separated by SDS-PAGE for 1 h at
room temperature and then processed to detection
procedures).

Serum hormone level determination

Blood (1 ml in each animal) was obtained from the venae
angularis of mice at age 13 weeks after enucleation of their
eyes. The serum levels of estradiol-17β (E2), Inhibin B
(INHB), follicle-stimulating hormone (FSH), and anti-

Müllerian hormone (AMH) were tested by ELISA kits from
Cusabio Life Science: CSB-E05109m, CSB-E08151m, CSB-
E06871m, and CSB-E13156m, respectively.

Statistical analysis

All statistical analyses were calculated using SPSS17.0 soft-
ware and denoted as the mean±SEM.When two groups were
compared, t test was applied, while for more than two groups
compared one-way ANOVA was used. Statistic significance
was defined when P<0.05.

Results

In isolated ovaries that underwent HE staining, cyclophospha-
mide injection results in decreased numbers of preantral and
antral follicles, but increased the number of atretic follicle, as
shown in Fig. 1. This is also quantified by a column graph: the
blown column represents control mice, while the brow col-
umn indicates DOR mice. This phenotype represents DOR

Fig. 2 Cyclophosphamide injection leads to stronger caspase-3 staining (brown staining) in ovarian tissues than that in control animals. BSTCR
administration reduces caspase-3 signal from DOC background (×10)

Fig. 3 The number of DNA copies in the mitochondria of oocytes drops
in the DOR group versus the control group, but both BSTCR and DHEA
treatments regain it. The Y-axis indicated the copy number of mtDNA
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and is consistent with the role of cyclophosphamide in de-
creasing the number of ovarian follicles. What is more is that
cyclophosphamide is reported to be able to disrupt menstrual
cycle, causing progressive and irreversible damages to ovarian
germ cells as well as inducing infertility and irreversible pre-
mature ovarian failure [37, 38]. Ovaries treated with cyclo-
phosphamide also present with a higher rate of apoptosis com-
pared to the control, indicated by caspase-3 staining [39],
which can be attenuated by BSTCR treatment, as shown in
Fig. 2. Therefore, the ovarian follicle might be lost through the
apoptosis pathway in the DOR. Both BSTCR and DHEA can
rescue the apoptotic process and lead to increased numbers of
preantral and antral follicles while decrease the number of
atretic follicles (Fig. 1, all in ovary samples). This is also
quantified by a column graph: the light green column repre-
sents mice with BSTCR treatment, while the purple column
stands for mice with DHEA treatment).

Staining in oocytes revealed that the number of mitochon-
dria DNA copy dropped in the DOR group and BSTCR re-
stored it, although not completely, as shown in Fig. 3. Because
of the association between mtDNA copy number and oocyte
quality during maturation [40, 41], this indicates that BSTCR
poses a beneficial effect on oocyte maturation and develop-
ment. In the DOR group, the percentage of Bmitochondria
central gathering^ reduces while that of Bmitochondria dif-
fused distribution^ rises (Fig. 4a). Mitochondria central gath-
ering indicates mitochondria assembly around the nucleus,
while mitochondria diffused distribution suggests no obvious
cluster of the mitochondria. Mitochondria diffused distribu-
tion was more often seen in immature oocytes, while mito-
chondria central gathering was more commonly seen in ma-
ture oocytes [42]. Also shown by oocyte staining, there were
also more abnormal spindles found in the DOR group where
the microtubules were disorganized (Fig. 4b, c). Good spindle

Fig. 4 a In the DOR group, the number of mitochondria in oocytes that
were central gathering was higher, while the number of mitochondria that
belongs to the diffused distribution were lower compared with those in
the control group. Both BCTCR and DHEA treatments reversed these
changes. Blue column (a) indicates control cells, while brown column (b)
represents cells with cyclophosphamide treatment; light green column (c)
indicates cells with BSTCR treatment, while purple column (d) represents

cells with DHEA treatments. b The percentage of abnormal spindles in
oocytes (×100) was significantly increased in the DOR group compared
with the control group, as well as BCTCR and DHEA treatments under
DOR background. c Representative images of normal and abnormal
spindles in oocytes stained by microtubule (green) merged with the
nucleus stained by PI (red). *P< 0.05
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configuration is associated with oocyte maturation [43]. Good
spindle configuration here indicates the presence of a micro-
tubule spindle; otherwise, microtubules form an abnormal
spindle. BSTCR, as DHEA, reverses these phenotypes in-
duced by cyclophosphamide (Fig. 4), which indicates its role
in oocyte development and maturation. Oocyte maturation
normally shows polarization, while immature ones do not.
Using oocyte extracts, it was shown that BSTCR, as DHEA,
restored the reduced the GSH1, cyclin B, and CDC2 levels
induced by cyclophosphamide (Fig. 5a). These indicate that
BSTCR is also involved in mitosis and antioxidant processes.

In the DOR group, the protein expression level of phosphor-
ylated P38 was down-regulated compared with that of the
control group (Fig. 5b). Phosphorylated P38 is the active form
of P38. It can in turn phosphorylate MAPKAPK2 (MAP
kinase-activated protein kinase 2) that further phosphorylated
hsp27 (heat shock protein), which possesses anti-apoptotic
roles [44, 45]. But BSTCR and DHEA both reversed these
changes by cyclophosphamide. What is more is that BSTCR,
like DHEA, can recover the depletion of BDNF and the levels
of its binding receptor, TrkB, caused by cyclophosphamide in
both oocytes and granulosa (Fig. 5c). Therefore, BSTCR

Fig. 5 a BSTCR and DHEA
both attenuated the depletion of
GSH1, cyclin B, and CDC2 levels
induced by cyclophosphamide in
oocytes, as shown in mRNA
level. b In the DOR group, the
protein expression level of
phosphorylated P38 level
(41 kDa) in oocytes was
down-regulated compared with
the control group, as shown in
Western blot. But BSTCR and
DHEA both reversed these
changes by cyclophosphamide. c
mRNA expression levels of
BDNF and its binding receptor
TrkB both reduced in the oocytes
and granulosa under DOR
background. BSTCR and DHEA
both rescued these alterations. All
Y-axis indicates relative reading
from 2−ΔΔCt calculation. Blue
column (a) indicates control cells,
while brown column (b)
represents cells with
cyclophosphamide treatment;
light green column (c) indicates
cells with BSTCR treatment,
while purple column (d)
represents cells with DHEA
treatments. *P< 0.05
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might regulate its downstream targets through the BDNF
pathway.

BSTCR nourishes the blastula through increasing the
number of cells of inner cell mass and trophoblasts un-
der DOR background (smaller inner cell mass and less
trophoblast than in the control), as shown in Fig. 6.
This leads to restoring the implantation rate and birth
rate and regaining placenta weight under DOR back-
ground (Fig. 7). As shown in Table 1, BSTCR boosts
ovulation and oocyte maturation, indicated by more MII
oocytes with less immature oocytes under DOR back-
ground. BSTCR also enhances the fertilization rate and
two-cell embryo rate in the blastula as well as increases
blastula formation rate under DOR background, as
shown in Table 2.

Finally, hormones such as E2, INHB, FSH, and AMH all
responded to BDNF administration with increased levels un-
der DOR background (decreased levels of these four hor-
mones compared to the control), as shown in Table 3.

Discussion

In this study, we reported that BCTCR can improve the im-
plantation rate and birth rate of DOR animals, probably
through promoting oocyte development and maturation.
BCTCR restores the number of preantral and antral follicles
and rescues atretic follicles in DOR background (Fig. 1). This
beneficial effect might be due to its inhibition of the apoptotic
pathway as well as its role in recovering mitotic activity, sug-
gested by the enhanced cyclin B and CDC 2 levels (Fig. 5a)
upon addition of BSTCF. And, a member of the mitogen-
activated protein kinase (MAPK) family which activates
p34(CDC2)/cyclin B during oocyte maturation [46], P38,
was up-regulated upon BSTCR administration in the DOR
model (Fig. 5b). Then, BSTCR administration recovers the
expression levels of BDNF and its binding receptor TrkB in
both granulosa and oocytes, which were chopped in DOR
background (Fig. 5c). This leads us to the hypothesis that
BSTCR might exert its role in regulating P38, CDC2, and
cyclin B through the BDNF pathway. Interestingly, BDNF
was revealed to be involved in MAPK signaling [47]. One
of the components in BSTCR, Ligusticum chuanxiong, was
demonstrated to increase the phosphorylation of MAPK fam-
ily members [48]. However, BDNF can prevent these MAPK
members’ activation in stress conditions and increase cell vi-
ability [25]. Under the view that BSTCR can restore BDNF
expression, this discrepancy might lie in the complexity of
BSTCR composition, which consists of 12 components.
Actually, another component of BSTCR, Dan shen, can neg-
atively regulate ROS-P38 MAPK signaling and increase
BDNF expression [49–51]. Other mechanisms must also be
involved in the role of BSTCR to be able to explain the dis-
crepancy of P38 and JNK level alterations upon BSTCR
administration.

BSTCR treatment also attenuates the elevated apoptotic rate
in DOR background, indicated by caspase-3 staining in Fig. 2. In
the view that BSTCR up-regulates BDNF, knockdown of BDNF

Fig. 6 Inner cell mass and trophoblasts in the blastula after IVF both
reduced in number in the DOR group compared to the other three groups.
Blue column (a) indicates control cells, while brown column (b)
represents cells with cyclophosphamide treatment; light green column
(c) indicates cells with BSTCR treatment, while purple column (d)
represents cells with DHEA treatments. The Y-axis stands for the
number of actual count of cells of either inner cell mass or in trophoblasts

Fig. 7 The implantation rate (in percent), birth rate (in percent), and
placenta weight (in grams) all declined in the DOR group compared
with the other three groups. Blue column (a) indicates control cells,
while brown column (b) represents cells with cyclophosphamide

treatment; light green column (c) indicates cells with BSTCR treatment,
while purple column (d) represents cells with DHEA treatments.
*P< 0.05. Six mice were used in each group (24 in total)
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was exhibited to lead to apoptosis in lymphoma cells [52]. This is
consistent with our result as to the role of BSTCR in apoptosis.
Moreover,Morinda officinalis (one component of BSTCR) was
reported to be able to antagonize the apoptosis induced by corti-
costerone [53]. Nevertheless, another component of BSTCR,
L. chuanxiong, induced apoptosis in scar fibroblasts [54].
Therefore, BDNF might play different roles in apoptosis in a
tissue-specific manner.

Like many herbs that pose antioxidant properties, BSTCR
also increases the GSH1 levels in DOR background. GSH1 is
the rate-limiting enzyme for glutathione and is an important
antioxidant defense [55]. In contrast, the Bpositive control^
DHEA, which does not belong to herbs, did not show signifi-
cant effect on rising the GSH1 level. Antioxidants were shown
to improve mitochondrial activity and function [56], which
could explain the role of BSTCR in contributing to mitochon-
dria assembly. Antioxidants are also essential to overcome the
restraint in oocyte maturation [57]. Furthermore, BDNF was
working against oxidative stress through the attenuation of
ROS formation in rat cortical neurons [58]. Taking into account
our work that showed BSTCR administration increased the
BDNF levels, it is indicated that the antioxidant role of
BSTCR might also be regulated through the BDNF pathway.
However, fluoride (one component of BSTCR) can induce
oxidative stress [59] versus other components, such as
M. officinalis that works as an antioxidant [60].

BSTCR also recovers those hormone levels that were
down-regulated in the DOR model, such as E2, AMH,
INHB, and FSH, as shown in Table 3. E2 was known to
increase BDNF levels through action on nuclear receptors
[61]. FSH treatment can also increase the transcription level
of BDNF [17]. Taking into consideration that BSTCR in-
creases BDNF levels under DOR background, FSH and E2
might work upstream of BDNF. INHB is secreted by the gran-
ulosa cells of the ovary in response to FSH [62], but there is no
direct evidence that its expression is related to BDNF. Higher
serum AMH was associated with higher cumulus granulosa
cell TrkA mRNA and correlated strongly to the number of
oocytes retrieved [63]. Both FSH and E2 can induce oocyte
maturation [64, 65]. INHB inhibited FSH production and its
silence enhanced oocyte maturation [66, 67]. The increased
level of INHB in BSTCR might be the counter-reaction to
rising FSH level.

Recently, the central dogma in ovarian biology that most
mammalian species have lost the capacity for oocyte produc-
tion at birth has been challenged by the findings that female
germline stem cells (FGSCs) from adult mammal still
underwent oogenesis [68, 69]. Therefore, whether BCTCR
exerts its role through regulating the fate of FGSCs is an
interesting hypothesis to be tested.

In summary, BSTCR might up-regulate BDNF through
FSH and E2. Then, it regulates the hormone level of Inhibin

Table 1 Comparison of
ovulation numbers and oocyte
maturation rates among all four
groups

Group Average ovulation
number

Percentage of
oocytes in MII

Percentage of
immature oocytes

Percentage of other types
of oocytes

A 53.6 86.38 7.84 5.78

B 19.2 59.38 24.48 16.14

C 46.0 84.35 7.61 8.04

D 39.5 82.03 9.62 8.35

Table 2 Comparison of the
development potentials of oocytes
that underwent IVF

Group Total oocytes Fertilization rate Two-cell embryo rate Blastula formation rate

A 67 66 (98.51) 62 (92.54) 54 (80.60)

B 54 41 (75.93) 33 (61.11) 19 (35.19)

C 72 65 (90.28) 60 (83.33) 53 (73.61)

D 58 48 (82.76) 43 (74.13) 37 (63.79)

Table 3 Comparison of several
hormone levels among all four
groups

Group E2 (pmol/l) INHB (pg/ml) FSH (mIU/ml) AMH (pg/ml)

A 128.78± 13.45 216.58± 21.85 11.56± 1.45 32.57 ± 4.22

B 38.6 ± 8.57 115.84 ± 12.35 4.65± 0.84 13.78 ± 2.01

C 84.47 ± 9.65 163.65± 15.44 9.65± 1.51 28.84 ± 3.54

D 87.85 ± 10.57 174.27± 15.07 8.44± 1.57 23.55 ± 3.74
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B, apoptosis, cell cycle, and oxidative stress. All these chang-
es of hormone contribute to oocyte maturation and favor ovar-
ian response for IVF [70]. This would further result in higher
implantation rate, birth weight, placenta weight, fertilization
rate, two-cell embryo rate, and blastula formation rate, as were
observed in our study. Therefore, BSTCR was efficient in
improving the ovarian function. What is more is that as there
are many components in BSTCR, each one might exert its
own pathway or cooperate together to contribute to the roles
of BSTCR.
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