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The purpose of this study was to explore the positive effects of Bu Shen Huo Xue Decoction (BSHXF) on assisted reproduction.
The study aimed to evaluate whether BSHXD could improve endometrial morphology and increase the expression of LIF in
a gonadotrophin-releasing hormone agonists (GnRHa) long protocol-induced rat model during metestrus, diestrus, proestrus,
and oestrus. The BSHXD group presented significantly increased endometrium thickness and decreased MVD compared with
the GnRHa long protocol group. In addition, the expression of LIF was significantly higher in the BSHXD group. There were
no significant differences between the control group and the BSHXD group in terms of MVD and LIF expression. These results
suggested that BSHXD can improve the endometrium development, reduce the abnormal angiogenesis, and increase the expression
of receptivitymarkers in a GnRHa long protocol-induced ratmodel during the oestrous cycle, whichmight result in an endometrial
environment better suited for female reproduction.

1. Background

Infertility remains a prevalent disease worldwide, and its
incidence is still increasing. Assisted reproductive technology
(ART) is one current treatment.However, the fertility rate fol-
lowing ART is very low [1]. Impaired endometrial receptivity
is a major limitation and reason for this low fertility.

It has been well documented that endometrial receptivity
is a complex and multifactorial process [2] involving a good-
quality embryo, a receptive endometrium, and the synchro-
nisation between the developmental stages of the embryo
itself [3]. Previous observations have demonstrated that
when using a GnRHa long protocol, advanced endometrial
maturation is present on the oocyte retrieval day of in vitro
fertilisation (IVF), which may possibly result in a failure to
correctly synchronise the timing between the embryo and a
receptive endometrium [4]. Many studies have shown that
the periovulatory uterine characteristics in ovarian stimula-
tion treatment (OS) are considerably different comparedwith

the natural cycle [4, 5]. It has been hypothesised that this
change has already started by the follicular phase [5].

A large amount of evidence indicates that angiogenesis
may play an important role during the implantation window
[6–8], because the endometrial receptivity requires complex
remodelling and angiogenesis to support foetal development
[9–12]. Our previous small-sample study demonstrated that
the GnRHa long protocol results in abnormal angiogenesis
in the rat endometrium during the first oestrous cycle after
OS. These results indicate that the side effects of the GnRHa
long protocol treatment may trigger negative angiogenesis
in the endometrium and impact later receptivity. The strong
exposure of the endometrium to supraphysiological steroid
hormone levels during the follicular phase might be respon-
sible for this phenomenon [4].

In China, traditional Chinese medicine is widely used
in assisted reproductive technology to enhance the success
of IVF treatment. Bu Shen Huo Xue Decoction (BSHXD), a
Chinese herbal formula, consists of Placenta Hominis, Radix
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Rehmanniae Preparata, Radix Salviae Miltiorrhizae, Radix
Angelicae Sinensis, Radix Dipsacus asperoides, Eucommia
ulmoides, Dioscorea opposita, Flos Rosae Rugosae, Rhizoma
Ligustici Chuanxiong, and Semen Coicis. This formula is
used to tonify the kidney, regulate the uterine function, and
promote blood circulation according to traditional Chinese
medicinal prescriptions. Numerous studies have reported
that many traditional Chinese medicinal herbs are rich
sources of compounds that regulate angiogenesis [13]. Our
recent clinical observations suggest that BSHXD has a posi-
tive effect on angiogenesis in the endometrium.Therefore, the
potential benefits of regulating angiogenesis and enhancing
the success of IVF need to be thoroughly studied.

Microvessel density (MVD) is one of the most common
methods of indirectly assessing angiogenesis factors [14].The
maximal expression of leukaemia inhibitory factor (LIF) is
observed in the midsecretory phase of the menstrual cycle,
coinciding with the time of implantation in both the human
and murine endometria [15, 16]. The strong expression of
LIF is more likely to initiate a pregnancy than weak LIF
during the luteal phase prior to IVF treatment in humans
[17, 18]. LIF is one of very few cytokines to be a critical
factor for implantation [19]. LIF null mutation female mice
are infertile because of the failure of implantation [20] and
LIF is significantly reduced in the endometria of infertile
women [21].

The primary aim of this study was to explore whether
BSHXD ameliorates the side effects of the GnRHa long pro-
tocol on endometrium histology, endometrium receptivity
cytokines, and endometrial angiogenesis in a GnRHa long
protocol-induced rat model. In addition, this study aimed
to provide evidence of the usefulness of BSHXD in assisted
reproduction.

2. Methods

2.1. Animals. SD (Sprague-Dawley) rats of 9-10 weeks of
age were used for the experiments. All the procedures were
performed according to the guidelines of the Beijing Univer-
sity of Chinese Medicine Animal Care and Use Committee.
The rats were kept under standard 12 h light and 12 h dark
conditions and under controlled temperature (23±3∘C) with
45%–65% humidity.

2.2. Treatment. Oestruswas identified by vaginal smear.Only
the rats with regular cycles were used in the study. Suitable
rats were randomly allocated into three groups: control,
GnRHa long protocol, and BSHXD.

The animals in the GnRHa long protocol group were
given 1mL/100 g of distilled water for 12 days and then treated
using the GnRHa long protocol. Briefly, a GnRH agonist
(1.5 𝜇g/100 g bw/day) (triptorelin, Diphereline, France) was
i.p. injected from the 3th to 9th days of oestrous. The preg-
nant mare’s serum gonadotropin (40 IU/100 g bw) (PMSG,
China) was i.p. injected on the 9th day of oestrous, followed
by the injection of hCG (40 IU/100 g) (Human Chorionic
Gonadotropin, China) 28 h later.

BSHXDgranuleswere provided by the PharmacyDepart-
ment of Dongfang Hospital of Beijing University of Chinese
Medicine. The BSHXD granules contain equal weights of
the ingredients of the BSHXD formula: Placenta Hominis 10
gram, Radix Rehmanniae Preparata 15 gram, Radix Salviae
Miltiorrhizae 10 gram, Radix Angelicae Sinensis 12 gram,
Radix Dipsacus Asperoides 15 gram, Eucommia ulmoides 12
gram,Dioscorea opposita 15 gram, Flos Rosae Rugosae 6 gram,
Rhizoma Ligustici Chuanxiong 6 gram, and Semen Coicis 12
gram. The granules were dissolved in 200mL of distilled
water and kept at 2–8∘C until use.The animals in the BSHXD
group were given the drugs 1mL/100 g daily for 12 days and
then were subjected to the GnRHa long protocol treatment as
the GnRHa long protocol group.

The rats in the control groupwere given distilled water for
12 days, followed by injections with saline at the same time
and volume as those used in the GnRHa long protocol group.

2.3. Tissue Collection and Preparation. The whole uteri were
collected from the GnRHa long protocol group and the
BSHXD group on days 2, 3, 4, and 5 after hCG injection, and
the uteri of the control group were collected on days 2, 3, 4,
and 5 after ovulation. Day 2 was the day of metestrus. Day
3 was the day of diestrus. Day 4 was the day of proestrus.
Day 5 was the day of oestrus. The tissue was divided into 2
parts after being rinsedwith cold saline. One part was fixed in
4% paraformaldehyde and then embedded in paraffin for HE
and immunohistochemical assays. The other part was stored
at −80∘C for later Western blot analysis.

2.4. Haematoxylin Eosin (HE) Staining. The paraffin-fixed
tissues were divided into the 4 𝜇m. After dewaxing, rehy-
dration, and staining in Harris haematoxylin, the slides
were counterstained in eosin-phloxine. The morphological
changes were captured with a digital camera (Olympus, Inc.,
Tokyo, Japan).

2.5. Immunohistochemistry for CD34 and LIF. The paraffin-
fixed tissues were divided into 4 𝜇msections. After dewaxing,
rehydration, and blocking, the slides were incubated with the
following primary antibodies: CD34 antibody (AF-4117, R&D
Systems, USA) at a dilution of 1 : 39 and LIF antibody (sc-
1336, Santa Cruz Biotechnology, USA) at a 1 : 200 dilution
overnight at 4∘C. After washing with PBS, the tissues were
incubatedwith secondary antibodies for 25minutes, followed
by incubation with a DBAKit (ZLI-9018, ZSGB-BIO, China).
The negative controls were treated with the same procedure
except with the PBS during the primary antibody incubation
step.

The staining intensity of each slide was graded (0,
absence; 1, weak; 2, moderate; 3, strong) by two examiners
in a blinded fashion and assessed with the HSCORE. The
HSCORE was calculated as follows:

HSCORE = 𝑃
𝑖
( 𝑖 + 1) , (1)

where 𝑖 is the staining intensity and 𝑃
𝑖
is the percentage of

stained glandular epithelium cells at each level of intensity.
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Table 1: Comparison of the endometrial thickness during the oestrous cycle.

Endometrial thickness (𝜇m) Control group GnRHa long protocol group BSHXD group P valve
D2 (Metestrus) 541.97 ± 19.43 602.92 ± 6.39 485.98 ± 26.53 0.00a 0.00b 0.24c

D3 (Diestrus) 543.61 ± 37.37 431.48 ± 10.82 549.07 ± 27.09 0.00a 0.00b 0.82c

D4 (Proestrus) 563.86 ± 16.68 434.05 ± 5.77 750.08 ± 29.23 0.00a 0.00b 0.00c

D5 (Oestrus) 669.76 ± 24.10 494.25 ± 6.52 829.40 ± 22.65 0.00a 0.00b 0.00c
aControl group versus the GnRHa long protocol group.
bBSHXD group versus the GnRHa long protocol group.
cControl group versus the BSHXD group.

2.6. Density of Microvessels. Microvessels densities were
viewed at 400x magnification (40x objective lens and 10x
ocular lens; 0.24mm2/field). The images were captured with
a digital camera (Olympus, Inc., Tokyo, Japan). For each
section, at least 5 random fields were selected to determine
the average vessel density within the uterus.

The number of CD34-positive vessels was quantified
using Diagnostic Instruments Spot-II digital software (Diag-
nostic instruments, Inc., USA). The microvessel density was
calculated as the number of CD34-positive vessels/(40 ×
0.24mm2).

2.7. Western Blot for LIF. Rat endometrium tissue was
homogenised and lysed in RIPA Lysis Buffer (C1053, Apply-
gen, China) and proteinase inhibitor (P1265, Applygen,
China).The protein concentration was quantified with bicin-
choninic acid (BCA) (P1511, Applygen, China). The protein
was used for Western blot with an LIF primary antibody
(sc-1336, Santa Cruz Biotechnology, Europe) at a 1 : 500
dilution and incubated overnight at 4∘C.After incubation, the
membranes were washed three times with TBS-T and then
incubatedwith the secondary antibody at a dilution of 1 : 2500
at room temperature for 1 h. The blots were visualised with
Super ECL Plus Detection Reagent (P1010, Applygen, China).
The ECL signals were detected with Quantity One software
(Bio-Rad). GAPDH (ab8245, Abcam, UK) was used as an
internal control to validate the amount of protein loaded onto
the gels.

2.8. Statistical Analysis. The data are shown as the mean ±
SEM.TheMann-Whitney𝑈 test was used to compare the two
groups. Significance was set at 𝑃 value < 0.05. Graphs of the
data were produced using Excel software.

3. Results

3.1. Endometrial Thickness. The outcome of endometrial
thickness was obtained by two independent observers
blinded to treatment. The morphological change parameters
and data are shown in Figure 1 and Table 1. The endometrial
thickness of the GnRHa long protocol group was thicker than
that of the control group and BSHXD group in metestrus
(𝑃 values of 0.004), but the GnRHa long protocol group
endometrial thickness was thinner than the control group
mean (𝑃 values of 0.009, 0.002, and 0.002, resp.) and the
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Figure 1: HE staining to evaluate the rat endometrial thickness.
Comparison of thickness of rat uteri during metestrus (ME),
diestrus (DI), proestrus (PR), and estrus (ES). (a) 𝑃 values < 0.01
compared with the control group; (b) 𝑃 values < 0.01 compared
with the GnRHa long protocol group; (c) 𝑃 values < 0.01 compared
with the control group. The bar graphs represent daily data from 6
different animals.

BSHXD group mean (𝑃 values of 0.002, 0.002, and 0.002,
resp.) in diestrus, proestrus, and oestrus periods. There was
no significant difference between the BSHXD group and
the control group in metestrus and diestrus (𝑃 values of
0.24 and 0.82, resp.). The thickness in the BSHXD group
was significantly thicker than that in the control group in
proestrus and oestrus (𝑃 values of 0.002 and 0.002, resp.).

3.2. Expression of Microvessel Density (MVD). Accompany-
ing the GnRHa long protocol treatment-induced downregu-
lation of LIF expression, there was a significant increase in
endometrial MVD in rats (MVD: 3.77 ± 0.24 in metestrus,
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Figure 2: Expression of microvessel density (MVD) duringmetestrus (ME), diestrus (DI), proestrus (PR), and oestrus (ES). (A) Comparison
of the MVD of rat uteri during metestrus (ME), diestrus (DI), proestrus (PR), and oestrus (ES). Magnification: 200x. (B) The number of
CD34-positive vessels was quantified. The bar graphs represent daily data from 6 different animals. (a) 𝑃 values < 0.01 compared with the
control group; (b) 𝑃 values < 0.01 compared with the GnRHa long protocol group.

4.03±0.17 in diestrus, 3.99±0.13 in proestrus, and 4.01±0.14
in oestrus) (Figure 2). Related to the GnRHa long protocol
group, no increase was observed in the control and the
BSHXD groups in metestrus, diestrus, proestrus, and oestrus
(𝑃 values of 0.002, 0.002, 0.002 and 0.002, resp.).

3.3. Expression of Endometrial LIF as Evaluated by Immuno-
histochemistry. LIF immunostaining was predominantly
detected in glandular and luminal epithelial cells in rat
endometrium. The LIF staining intensity in the GnRHa long
protocol group was weaker than that in the control group
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in metestrus, diestrus, proestrus, and oestrus (𝑃 values of
0.002, 0.002, 0.002, and 0.015, resp.) and weaker than that of
the BSHXD group (𝑃 values of 0.002, 0.002, 0.015, and 0.002,
resp.). During the oestrus cycle, there were no significant
differences between the control group and BSHXD group
in metestrus, diestrus, proestrus, and oestrus (𝑃 values of
0.093, 0.24, 0.065, and 0.31, resp.).The staining intensities are
depicted in Figure 3.

3.4. Western Blot Expression of Endometrial LIF. Consistent
with the results of the immunohistochemical staining, the
LIF protein expression trends were confirmed by Western
blot analysis (Figure 4). GAPDH was used as an internal
loading control in each lane. Normalised with the GAPDH
expression level, the expression of LIF protein in the GnRHa
long protocol group was lower than that in the control group
(𝑃 values of 0.026, 0.004, 0.015, and 0.009, resp.) and the
BSHXD group (𝑃 values of 0.041, 0.015, 0.041, and 0.015,
resp.) in metestrus, diestrus, proestrus, and oestrus. There
were no significant differences between the control group and
BSHXD group (𝑃 values of 0.485, 0.699, 0.065, and 0.065,
resp.).

4. Discussion

The present study is a pilot, prospective, randomized, and
controlled comparison study of the effects of BSHXD on the
endometrial morphology and expression of LIF and MVD
in a GnRHa long protocol-induced rat model during the
oestrus cycle. The process of implantation only takes place
during a limited “implantation window.” This window is a
restricted period of endometrial receptivity between days 4
and 6 of pregnancy in rats [22] and between days 20 and
24 of a regular menstrual cycle (day LH+7 to LH+11) in
humans [23]. Implantation involves a complex sequence of
signalling events that are crucial to the pregnancy. Most of
these identified molecular mediators are under the influ-
ence of ovarian hormones [24, 25]. However, the GnRHa
long protocol will result in the endometrium exposure to
supraphysiological steroid hormone levels. The dosage in
our experiment produced thin and impaired endometria
in our rat models and abnormal expression of LIF and
MVD, which may impact later endometrial implantation
capacity. Predictably, the GnRHa long protocol impaired the
endometrium and implantation at a very early stage even
at the follicular phase. Our observations are in agreement
with a previous study that confirmed the negative impact of
GnRHa ovarian stimulation treatment [26–28], which may
cause a relatively low rate of implantation despite advances
in ATR [29]. Indeed, the average implantation rate in IVF is
approximately 25% [30].

Endometrial thickness is an important bioassay. Accord-
ing to our present study results, the endometrial thick-
ness in the GnRHa long protocol group was significantly
lower than that of the control and BSHXD groups during
diestrus, proestrus, and oestrus. These results suggest that
the uterus is quite sensitive to hormonal change. Although
some researchers have argued that histological endometrial

data donot predict and influence the reproductive failure [31],
increased endometrial thickness is associated with improved
pregnancy rates [32]. Some studies have revealed that below a
certain thickness cut-off limit, pregnancywill not be achieved
[33–35]. We observed that BSHXD had positive effects on
endometrial morphology in rats after they were subjected to
a GnRHa long protocol treatment. There were no significant
differences between the control group and BSHXD group in
metestrus and diestrus. Comparedwith the control group, the
BSHXD group presented enhanced endometrial thickness
during the proestrus and oestrus stages.Thus, we suggest that
BSHXDmay have the capacity to stimulate the growth of the
endometrium.

Because adequate blood flow to the embryo is critical
for normal growth, it is not surprising that angiogene-
sis plays an important role during implantation. Dysregu-
lated endometrial angiogenesis underlies infertility [36–38].
Therefore, appropriate angiogenesis is central to implantation
and pregnancy.Therewas an approximately 2-fold increase in
MVD in the GnRHa long protocol group compared with the
control andBSHXDgroups.However, therewas no difference
between the control group and BSHXD group. These results
demonstrate that pretreatment with BSHXD can significantly
ameliorate the negative effects of the GnRHa long protocol
onMVD.We suggest that BSHXDmay regulate angiogenesis
during the oestrous cycle.

The present study demonstrated that BSHXD improved
the expression of LIF protein in rat uteri during the oestrous
cycle. LIF is a biomarker that is largely accepted as an
indicator of endometrial receptivity both in humans, mice,
and rats. LIF-deficient mice are mostly infertile [20], clearly
indicating the important role. Our research confirmed the
result of a previous study that indicated that LIF protein
is maximally expressed in the murine endometrial glandu-
lar epithelium [39, 40]. Our results demonstrated that the
GnRHa long protocol affected cytokine production at a very
early stage, even before the “implantation window,” because
the staining intensity of LIF in the GnRHa long protocol
groupwasweaker than the other two groups (𝑃 values< 0.05).
However, there were no significant differences between the
control and BSHXD groups (𝑃 values > 0.05). Our results
indicate that BSHXD improves the LIF expression and brings
its level closer to normal, which may help improve the later
endometrial implantation capacity.

Most TCM remedies are formulated using individual
herbs in combination because different herbs are thought
to increase therapeutic efficacy and reduce adverse effects
simultaneously through multiple targets and biological path-
way [41]. The biological mechanisms underlying the effect of
BSHXD on assisted reproduction remain unclear. However,
our study demonstrated that the positive effects of BSHXD
may be associated with the following: (a) increasing endome-
trial thickness, (b) regulation of angiogenesis to improve the
endometrial environment, and (c) modulating cytokines that
are associated with the pregnancy rates of IVF. According to
the principles of TCM, BSHXD can nourish the uterus and
adjust its function.

In conclusion, BSHXD improved the uterine environ-
ment by advancing endometrial development, reducing
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Figure 3: LIF immunohistochemical staining in the endometrium. (A) Immunohistochemical staining to evaluate the expression of
endometrial LIF during metestrus (ME), diestrus (DI), proestrus (PR), and oestrus (ES). Magnification: 200x. (B) HSCORE for the
immunohistochemical staining intensity of the endometrial LIF during metestrus (ME), diestrus (DI), proestrus (PR), and oestrus (ES). The
bar graphs represent daily data from 6 different animals. (a) 𝑃 values < 0.05 compared with the control group; (b) 𝑃 values < 0.05 compared
with the GnRHa long protocol group.

abnormal angiogenesis, and increasing expression of the
protein receptivity marker LIF during the oestrous cycle.
BSHXDmay be useful aid for female reproduction. A further
clinical evaluation needs to be conducted to confirm these
results in human subjects.

Authors’ Contribution

Gong Xin and Yu Yanyan conducted the experiment. Tong
Qing provided the reagents and materials. Gong Xin per-
formed all the immunohistochemical staining and Western



Evidence-Based Complementary and Alternative Medicine 7

LIF

LIF

LIF

GAPDH

Control
group

GnRHa long
protocol group

BSHXD
group

(A)

0

0.5

1

1.5

2

2.5

3

3.5

4

ME DI PR ES

LI
F 

pr
ot

ei
n

Control group
GnRHa long protocol group
BSHXD group

a

a

a a

b b

b b

(B)

Figure 4: Expression of endometrial leukaemia-inhibitory factor
(LIF) protein during metestrus (ME), diestrus (DI), proestrus (PR),
and oestrus (ES).Thebar graphs represent daily data from6different
animals. (a) 𝑃 values < 0.05 compared with the control group; (b) 𝑃
values < 0.05 compared with the GnRHa long protocol group.

blot studies and drafted the paper. Jin Zhe performed the
statistical analysis, drafting, and critical revision of the paper.
All authors read and approved the paper.

Conflict of Interests

The authors declare that they have no conflict of interests.

Acknowledgments

The authors thank Dai Xin and Cheng Juan of the Dongzhi-
men Hospital of Beijing University of Chinese Medicine,
for their helpful discussion and advice on the immuno-
histochemistry, and Fang Tingyu of the Beijing University

of Chinese Medicine for his helpful advice on the English
language. The authors are grateful to He Xinyi and Long
Hongzhu for providing reagents. This project was supported
by the Natural Science Foundation of China. The project no.
is 81173292.

References

[1] A. P. Ferraretti, V. Goossens, J. de Mouzon et al., “Assisted
reproductive technology in Europe, 2008: results generated
from European registers by ESHRE,”Human Reproduction, vol.
27, no. 9, pp. 2571–2584, 2012.

[2] F. W. Bazer, G. Wu, T. E. Spencer et al., “Novel pathways for
implantation and establishment and maintenance of pregnancy
inmammals,”Molecular Human Reproduction, vol. 16, no. 3, pp.
135–152, 2010.

[3] H. Cakmak and H. S. Taylor, “Implantation failure: molecu-
lar mechanisms and clinical treatment,” Human Reproduction
Update, vol. 17, no. 2, Article ID dmq037, pp. 242–253, 2011.

[4] B. C. J. M. Fauser and P. Devroey, “Reproductive biology
and IVF: ovarian stimulation and luteal phase consequences,”
Trends in Endocrinology andMetabolism, vol. 14, no. 5, pp. 236–
242, 2003.

[5] E. G. Papanikolaou, C. Bourgain, E. Kolibianakis, H. Tournaye,
and P. Devroey, “Steroid receptor expression in late follicular
phase endometrium in GnRH antagonist IVF cycles is already
altered, indicating initiation of early luteal phase transformation
in the absence of secretory changes,”Human Reproduction, vol.
20, no. 6, pp. 1541–1547, 2005.

[6] D. L. Carlone and V. Rider, “Embryonic modulation of basic
fibroblast growth factor in the rat uterus,” Biology of Reproduc-
tion, vol. 49, no. 4, pp. 653–665, 1993.

[7] V. Rider and A. Psychoyos, “Inhibition of progesterone receptor
function results in loss of basic fibroblast growth factor expres-
sion and stromal cell proliferation during uterine remodelling
in the pregnant rat,” Journal of Endocrinology, vol. 140, no. 2, pp.
239–249, 1994.

[8] S. K. Das, K. C. Flanders, G. K. Andrews, and S. K. Dey,
“Expression of transforming growth factor-𝛽 isoforms (𝛽2 and
𝛽3) in themouse uterus: analysis of the periimplantation period
and effects of ovarian steroids,”Endocrinology, vol. 130, no. 6, pp.
3459–3466, 1992.

[9] K. Red-Horse, P.M. Drake, and S. J. Fisher, “Human pregnancy:
the role of chemokine networks at the fetal-maternal interface,”
Expert Reviews in Molecular Medicine, vol. 6, no. 11, pp. 1–4,
2004.

[10] D. S. Charnock-Jones, P. Kaufmann, and T. M. Mayhew,
“Aspects of human fetoplacental vasculogenesis and angiogen-
esis. I. Molecular regulation,” Placenta, vol. 25, no. 2-3, pp. 103–
113, 2004.

[11] P. Kaufmann, T. M. Mayhew, and D. S. Charnock-Jones,
“Aspects of human fetoplacental vasculogenesis and angiogene-
sis. II. Changes during normal pregnancy,” Placenta, vol. 25, no.
2-3, pp. 114–126, 2004.

[12] T. M. Mayhew, D. S. Charnock-Jones, and P. Kaufmann,
“Aspects of human fetoplacental vasculogenesis and angiogen-
esis. III. Changes in complicated pregnancies,” Placenta, vol. 25,
no. 2-3, pp. 127–139, 2004.

[13] X. Yu, Y. Tong, H. F. Kwok et al., “Anti-angiogenic activity
of erxian decoction, a traditional Chinese herbal formula, in
zebrafish,”Biological and Pharmaceutical Bulletin, vol. 35, no. 12,
pp. 2119–2127, 2012.



8 Evidence-Based Complementary and Alternative Medicine

[14] P. A. W. Rogers, F. Martinez, J. E. Girling et al., “Influence
of different hormonal regimens on endometrial microvascular
density and VEGF expression in women suffering from break-
through bleeding,” Human Reproduction, vol. 20, no. 12, pp.
3341–3347, 2005.

[15] A. Arici, O. Engin, E. Attar, and D. L. Olive, “Modulation of
leukemia inhibitory factor gene expression and protein biosyn-
thesis in human endometrium,” Journal of Clinical Endocrinol-
ogy and Metabolism, vol. 80, no. 6, pp. 1908–1915, 1995.

[16] B. A. Lessey, A. J. Castelbaum, C. A. Buck, Y. Lei, C. W. Yowell,
and J. Sun, “Further characterization of endometrial integrins
during the menstrual cycle and in pregnancy,” Fertility and
Sterility, vol. 62, no. 3, pp. 497–506, 1994.

[17] H. D. Tsai, C. C. Chang, Y. Y. Hsieh, and H. Y. Lo, “Leukemia
inhibitory factor expression in different endometrial locations
between fertile and infertile women throughout different men-
strual phases,” Journal of Assisted Reproduction and Genetics,
vol. 17, no. 8, pp. 415–418, 2000.

[18] S. M. Laird, E. M. Tuckerman, C. F. Dalton, B. C. Dunphy, T.
C. Li, and X. Zhang, “The production of leukaemia inhibitory
factor by human endometrium: presence in uterine flushings
and production by cells in culture,” Human Reproduction, vol.
12, no. 3, pp. 569–574, 1997.

[19] P. Paiva, E. Menkhorst, L. Salamonsen, and E. Dimitriadis,
“Leukemia inhibitory factor and interleukin-11: critical regula-
tors in the establishment of pregnancy,” Cytokine and Growth
Factor Reviews, vol. 20, no. 4, pp. 319–328, 2009.

[20] C. L. Stewart, P. Kaspar, L. J. Brunet et al., “Blastocyst implan-
tation depends on maternal expression of leukaemia inhibitory
factor,” Nature, vol. 359, no. 6390, pp. 76–79, 1992.

[21] E. Seli, U. A. Kayisli, H. Cakmak et al., “Removal of hydrosalp-
inges increases endometrial leukaemia inhibitory factor (LIF)
expression at the time of the implantation window,” Human
Reproduction, vol. 20, no. 11, pp. 3012–3017, 2005.

[22] W. Tassell, M. Slater, J. A. Barden, and C. R. Murphy, “Endome-
trial cell death during early pregnancy in the rat,”Histochemical
Journal, vol. 32, no. 6, pp. 373–379, 2000.

[23] H. Achache andA. Revel, “Endometrial receptivitymarkers, the
journey to successful embryo implantation,”Human Reproduc-
tion Update, vol. 12, no. 6, pp. 731–746, 2006.

[24] B. A. Lessey, L. Damjanovich, C. Coutifaris, A. Castelbaum,
S. M. Albeida, and C. A. Buck, “Integrin adhesion molecules
in the human endometrium. Correlation with the normal and
abnormal menstrual cycle,” Journal of Clinical Investigation, vol.
90, no. 1, pp. 188–195, 1992.

[25] C. Simon, J. C. Martin, and A. Pellicer, “Paracrine regulators
of implantation,” Best Practice & Research Clinical Obstetrics &
Gynaecology, vol. 14, no. 5, pp. 815–826, 2000.

[26] J. A. Horcajadas, A. Riesewijk, J. Polman et al., “Effect of
controlled ovarian hyperstimulation in IVF on endometrial
gene expression profiles,” Molecular Human Reproduction, vol.
11, no. 3, pp. 195–205, 2005.

[27] S. Mirkin, G. Nikas, J. G. Hsiu, J. Dı́az, and S. Oehninger, “Gene
expression profiles and structural/functional features of the
peri-implantation endometrium in natural and gonadotropin-
stimulated cycles,” Journal of Clinical Endocrinology and
Metabolism, vol. 89, no. 11, pp. 5742–5752, 2004.

[28] J. A. Mart́ınez-Conejero, C. Simón, A. Pellicer, and J. A.
Horcajadas, “Is ovarian stimulation detrimental to the
endometrium?” Reproductive Biomedicine Online, vol. 15, no. 1,
pp. 45–50, 2007.

[29] A. N. Andersen, L. Gianaroli, R. Felberbaum et al., “Assisted
reproductive technology in Europe, 2001. Results generated
from European registers by ESHRE,”Human Reproduction, vol.
20, no. 5, pp. 1158–1176, 2005.

[30] M. J. de los Santos, A. Mercader, A. Galán, C. Albert, J. L.
Romero, and A. Pellicer, “Implantation rates after two, three, or
five days of embryo culture,” Placenta, vol. 24, pp. S13–S19, 2003.

[31] M. J. Murray, W. R. Meyer, R. J. Zaino et al., “A critical analysis
of the accuracy, reproducibility, and clinical utility of histologic
endometrial dating in fertile women,” Fertility and Sterility, vol.
81, no. 5, pp. 1333–1343, 2004.

[32] X. Zhang, C. H. Chen, E. Confino, R. Barnes, M. Milad, and R.
R. Kazer, “Increased endometrial thickness is associated with
improved treatment outcome for selected patients undergoing
in vitro fertilization-embryo transfer,” Fertility and Sterility, vol.
83, no. 2, pp. 336–340, 2005.

[33] N.Noyes, H. C. Liu, K. Sultan, G. Schattman, and Z. Rosenwaks,
“Endometrial thickness appears to be a significant factor in
embryo implantation in in-vitro fertilization,” Human Repro-
duction, vol. 10, no. 4, pp. 919–922, 1995.

[34] P. Sundström, “Establishment of a successful pregnancy follow-
ing in-vitro fertilization with an endometrial thickness of no
more than 4mm,”Human Reproduction, vol. 13, no. 6, pp. 1550–
1552, 1998.

[35] J. H. Check, C. Dietterich, M. L. Check, and Y. Katz, “Success-
ful delivery despite conception with a maximal endometrial
thickness of 4 mm,” Clinical and Experimental Obstetrics and
Gynecology, vol. 30, no. 2-3, pp. 93–94, 2003.

[36] C. Siristatidis, C. Nissotakis, C. Chrelias, H. Iacovidou, and E.
Salamalekis, “Immunological factors and their role in the gene-
sis and development of endometriosis,” Journal of Obstetrics and
Gynaecology Research, vol. 32, no. 2, pp. 162–170, 2006.

[37] D. J. Barker, “Developmental origins of adult health and
disease,” Journal of Epidemiology and Community Health, vol.
58, no. 2, pp. 114–115, 2004.

[38] E. R. Norwitz, “Defective implantation and placentation: lay-
ing the blueprint for pregnancy complications,” Reproductive
Biomedicine Online, vol. 14, no. 1, pp. 101–109, 2007.

[39] H. Bhatt, L. J. Brunet, and C. L. Stewart, “Uterine expression of
leukemia inhibitory factor coincides with the onset of blastocyst
implantation,” Proceedings of the National Academy of Sciences
of the United States of America, vol. 88, no. 24, pp. 11408–11412,
1991.

[40] Z. M. Yang, S. P. Le, D. B. Chen et al., “Leukemia inhibitory
factor, LIF receptor, and gp130 in the mouse uterus during early
pregnancy,” Molecular Reproduction and Development, vol. 42,
no. 4, pp. 407–414, 1995.

[41] L. Wang, G. B. Zhou, P. Liu et al., “Dissection of mechanisms
of Chinese medicinal formula Realgar-Indigo naturalis as an
effective treatment for promyelocytic leukemia,” Proceedings of
the National Academy of Sciences of the United States of America,
vol. 105, no. 12, pp. 4826–4831, 2008.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


