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Background: The purpose of this study was to investigate the possi-
ble influence of follicular fluid (FF)-related hormones and vascular
endothelial factor (VEGF) levels on oocytes, and the resulting effect
on formation of high-quality embryos, to provide a scientific basis
for improving controlled ovarian stimulation. Methods: The levels of
hormones and VEGF in FF were determined by performing enzyme-
linked immunoassays. According to the number of high-quality em-
bryos obtained, the patients were divided into three groups, and
the levels and constitution of hormones and VEGF in FF were com-
pared. Based on the results of correlation analysis, the number of
oocytes harvested and the concentration of follicle-stimulating hor-
mone (FSH) in FF were substituted into multiple logistic regression
models. Results: The number of high-quality embryos was negatively
correlated with FSH concentration (correlation coefficient = —0.305,
p = 0.0001). The concentration of VEGF, FSH, luteinising hormone,
and estradiol in FF was significantly different among the different
high-quality embryo number groups. Multiple logistic regression
results showed that the FSH concentration in the FF of the group
without embryos was significantly higher than that of the other two
groups, and the number of eggs obtained in the third group was sig-
nificantly higher than that of the group without embryos. Conclusion:
In the late stage of follicular development, FSH concentration in FF
and the number of oocytes obtained affects the formation of high-
quality embryos.

Keywords

Follicular fluid; Vascular endothelial growth factor; Hormones

1. Introduction

The success of in vitro fertilisation and embryo transfer
(IVF-ET) is closely related to the formation of high-quality
embryos. There are many factors that affect embryo quality,
but the developmental potential of oocytes directly affects the
quality of embryos as well [1]. The final stage of oocyte devel-
opment and maturation is in the follicular fluid (FF), which
constitutes the micro-environment of its growth and devel-
opment. The FF contains hormones, cytokines, and various
nutrients, which play an important role in the maturation and
development of follicles [2, 3]. Some of the hormones in the
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FF are synthesised by granulosa cells around the ovum, and
some are derived from the circulating blood [4]. The capil-
lary network around the follicle regulates the concentration
of pituitary-derived hormones in the FF [5].

The main hormones in the FF include follicle-stimulating
hormone (FSH), luteinising hormone (LH), estradiol (E2),
anti-Mullerian hormone (AMH), progesterone (P), and
testosterone (T). Among these hormones, FSH, LH, E2, and
AMH are responsible for the growth and development of
oocytes [6].

FSH and LH are synthesised and secreted by the pituitary
gland; they enter the FF through blood circulation. During
each menstrual cycle, FSH acts to recruit follicles, while LH
promotes follicular maturation [7]. E2 is produced by the
granulosa cells of the oocytes and plays an important role in
the selection of dominant follicles [8]. AMH is produced by
the granulosa cells of the antral and preantral follicles, and is
closely related to the antral follicle number while being an im-
portant indicator of follicle reserve capacity [9]. Vascular en-
dothelial factor (VEGF) is produced from follicular granulosa
thecal cells. It plays a central role in the regulation of ovar-
ian angiogenesis, and is critical for ovarian follicle growth.
During folliculogenesis, VEGF secretion, which is induced
by gonadotropins, determines the formation of the vascular
network in the thecal cell layer of the follicle [5].

In order to understand the effect of the concentration of
various hormones in the FF on the formation of high-quality
embryos, we investigated the correlation between the num-
ber of high-quality embryos formed and hormones in the FF,
to provide a scientific basis for improving controlled ovarian
stimulation.

2. Materials and methods
2.1 Patients

This study was approved by the Ethics Committee of the
Affiliate Hospital of Inner Mongolia Medical University (No.
YKD2016108). All patients provided written informed con-
sent prior to their inclusion in this study. From February
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2017 to December 2018, 118 patients who were receiving IVF
treatment for infertility at the reproductive centre of our hos-
pital were recruited into this study. For FF examination, 5
mL of FF was collected from each patient during oocyte (egg)
collection.

These 118 patients had the diagnosis of tubal infertility.
The semen test result of their partners (according to WHO
semen test standards) was within the normal range. Tests
done for the patients before the IVF treatment, such as pe-
ripheral blood FSH and LH, and gynaecological ultrasonogra-
phy, showed no significant abnormalities. There was no his-
tory of pelvic surgery, but that of hormonal treatment start-
ing three months before admission. Controlled ovarian stim-
ulation with long-term ovulation induction was performed
in the luteal phase.

The embryos referred to in this study are blastomere
stage embryos cultured for three days, and divided into three
grades according to the embryo score standard; grade 1 and 2
embryos are regarded as high-quality embryos. Embryo clas-
sification criteria are as follows: for grade 1 embryos, the cell
size is uniform, the shape is regular, the zona pellucida is in-
tact, the cytoplasm is uniform and clear, there is no particle
phenomenon, and the fragments are between 0-5%; in grade
2 embryos, the cell size is slightly uneven, the shape is slightly
irregular, the cytoplasm may be granular, and fragments are
between 10-20%; and grade 3 embryos have obvious uneven
cell size or even serious unevenness, irregular shape, granular
phenomenon, and fragments greater than 20%.

The grouping of patients according to the number of high-
quality embryos was as follows: group 1 (no embryos, n = 18),
group 2 (embryos: 1-2, n = 58), and group 3 (embryos >3, n
=41).

The grouping according to the number of eggs obtained
was as follows: group 1 (eggs: 1-3, n = 52), group 2 (eggs:
3-10,n = 57), and group 3 (eggs >10,n=9).

The grouping according to the of content of FSH in FF
was as follows: group 1 (FSH: 1.6-6.4, n = 40), group 2 (FSH:
6.4-12.64, n = 40), and group 3 (>12.64, n = 38).

2.2 Methods
2.2.1 Controlled ovarian stimulation

Starting from the middle of the luteal phase of the previous
menstrual cycle, a gonadotropin-releasing hormone agonist
(GnRHa) was injected daily for down regulation. Between
the third and fifth day of menstruation, when the down reg-
ulation standard was reached, gonadotropin (GN) was used
to induce ovulation.

A long-term controlled ovarian stimulation during was
conducted the luteal phase. In cases with at least one folli-
cle of 18 mm (approximately) or three follicles >16 mm in
both ovaries, a dose of 500-1000 recombinant human chori-
onic gonadotropin (r-hCG) units was injected at night. The
eggs were collected after 36 hours.
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Table 1. The spearman correlation analysis results of
oocytes, embryo, VEGF and FF-related hormones.

VEGF FSH LH E2 AMH ET
r -0.151  -0.157 -0.092 -0.086 0.24 0.654
Oocytes
Sig.  0.103 0.09 0.32 0.356  0.009 0.000
VEGF FSH LH E2 AMH  Egg
r -0.14  -0.335 -0.112 -0.234 0.186 0.654
Embryo
Sig. 0.13 0.000 0.226  0.011 0.044 0.000
Embryo  FSH LH E2 AMH ET
r -0.14 0.341  0.418 -0.018 -0.17 -0.14
VEGF

Sig. 0.13 0.000  0.000 0.847 0.066 0.13

Table 2. The average and standard deviation of each group
after grouping according to the number of high quality
embryos obtained.

Group 1 (n=18) Group2 (n=59) Group3 (n=41) p

Age 33.8+54 348 + 4.8 34147 0.542
BMI 24.59 + 1.53 23.80 £ 1.96 24.31 4+ 1.89 0.167
Oocyte 3.1+£31 35+23 8.0+ 6.0 <0.0001
Embryos 0 1.3£0.5 43+22 <0.0001
VEGF 166.0 + 41.6 157.3 £138.8 138.0 £ 43.3 0.046
FSH 143 £ 3.7 102+7.8 8.0+t 4.4 <0.0001
LH 257+73 2244+172 20.4 £5.7 0.016
E2 159.7 £ 21.9 126.1 £93.0 99.5+£75.2 0.017

AMH 1602.4 +589.9 1751.54+1272.1 1861.7 £712.3 0.263

2.2.2 Preservation of the follicular fluid (FF)
The collected FF samples were centrifuged at 2500 rpm
for 10 minutes and stored in a cool tube at =80 °C.

2.2.3 Sample analysis

The levels of FSH, LH, E2, AMH, and VEGF in the FF
were measured by an enzyme-linked immunosorbent as-
say (ELISA; Shanghai Jingkang Biological Engineering Com-
pany, Shanghai, China).

2.2.4 Observation index
The number of eggs and embryos were enumerated.

2.2.5 Semen analysis

The semen was analysed using the Computer-aided Se-
men Analysis System (CASA). Normal semen standards were
as follows: (1) seminal volume: 2—-6 mL; (2) liquefaction time
<30 minutes; (3) pH value between 7.2 and 8.0; (4) density
>20 million/mL; (5) sperm survival rate >60%; (6) sperm
motility A >25% or A + B >50%; (7) sperm malformation
rate >4%.

2.3 Statistical analysis

Data were analysed using the SPSS 19.0 software. First,
the normality of the data was tested, and then an analysis was
performed using Spearman correlation and the rank-sum test
of multiple sample comparisons. p-values < 0.05 were con-
sidered statistically significant. Then, the number of oocytes

Volume 48, Number 5, 2021



Table 3. Logical regression model parameter estimation and test results.

95% CI for EXP (B)
GET B SE Wald df  Sig. Exp (B) Lower Upper
intercept -0.746  1.484  0.252 1 0615
[GEgg=1.001 0616 1508  0.167 1 0.683 1.852 0.096 35.601
[GEgg=2.00] 2169  1.59 1.862 1 0172 8.752 0.388 197.319
2 [GEgg = 3.00] 0b a a 0 a a a a
[GFSH =1.00]  20.018 0.635 993.798 1 0 494x10%  1.42x108 1.71x 109
[GFSH=2.00] 1.114  0.645  2.982 1 0.084 3.047 0.86 10.794
[GFSH = 3.00] 0b a a 0 a a a a
intercept 0247 1249  0.039 1 0.843
[GEgg=1.00] -3322 1356  6.001 1 0014 0.036 0.003 0.515
[GEgg=2.00] 0405 1369  0.087 1 0767 1.499 0.102 21.93
3 [GEgg = 3.00] 0b a a 0 a a a a
[GFSH =1.00]  21.383 0 a 1 a 1.93x109  1.93x10° 1.93x10°
[GFSH=2.00] 225 0818  7.559 1 0.006 9.489 1.908 47.188
[GFSH = 3.00] 0b a a 0 a a a a

a. The reference category is: 1.00.

b. Because this parameter is redundant, it is set to zero.

obtained and the concentration of FSH in FF that correlated
with the number of high-quality embryos, were entered into
multiple logistic regression models.

3. Results

Table 1 shows the Spearman correlation analysis results
between number of oocytes retrieved, the number of high-
quality embryos, VEGF in the FF and concentrations of var-
ious hormones in the FF. The number of oocytes obtained
was positively correlated with ET (correlation coefficient:
0.654, p = 0.0001) and AMH (correlation coefficient: 0.24, p
=0.009), but not with other hormones. The number of high-
quality embryos obtained was positively correlated with the
number of oocytes obtained (correlation coefficient = 0.654,
p=0.0001). There was a negative correlation with FSH in the
FF (correlation coefficient= —0.305, p = 0.0001), a weak pos-
itive correlation with AMH (correlation coefficient = 0.179, p
=0.044, respectively) and a weak negative correlation with E2
(correlation coefficient = —0.193, p = 0.03). VEGF was pos-
itively correlated with FSH and LH (correlation coefficient =
0.317, p = 0.0001; 0.395, p = 0.0001).

Table 2 shows the average age, number of retrieved
oocytes, number of high-quality embryos, and the average
concentration and standard deviation of various hormones
and VEGF in the FF among the three groups. There were sta-
tistically significant differences in the numbers of harvested
oocytes, VEGF, FSH, LH, and E2 among the three groups.
There was no difference in age among the three groups.

Table 3 shows that multiple logistic regression results.
FSH content in the FF of the group without embryos was
higher than that of the other two groups (Group 2: OR =
1.42 x 108-1.71 x 10%; p = 0.0001; 95% CI: 1.42 x 108-1.71
% 10%; and Group 3: OR = 9.489; p = 0.006; 95% CI: 1.908-
47.188).
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4. Discussion

The factors affecting the formation of high-quality em-
bryos include age [10], ovarian function [11], and the quality
of the man’s semen [12], among others. In this study, a group
of patients who were treated with IVF due to tubal infertil-
ity, in whom ovarian function and the spouse’s semen ex-
amination were not significantly abnormal, were selected as
the study group to explore the relationship between various
hormones in the FF and the number of high-quality embryos
formed. The results showed that the number of high-quality
embryos was negatively correlated with levels of FSH and E2
in the FF and weakly positively correlated with AMH. There
were significant differences in the levels of VEGF, FSH, LH,
and E2 in the FF among the three groups. Multiple logistic
regression results show that the number of high-quality em-
bryos was related to the number of retrieved oocytes, and the
concentration of FSH in FF was a negative factor for the for-
mation of high-quality embryos.

In IVF-ET, FSH has two sources: production by the pi-
tuitary gland and exogenous FSH. In this study, FSH in the
FF was negatively correlated with the number of high-quality
embryos, while LH showed no such correlation. Previous
studies have shown that high concentrations of FSH and LH
in the FF can promote oocyte maturation and fertilization,
and that they are beneficial to the formation and development
of embryos [6]. However, recent studies have shown that in-
crease in FSH in the FF can lead to increase in the number of
polar bodies and embryo aneuploidy [13, 14]. Our results also
showed that the number of high-quality embryos decreased
in the group with a higher FSH level in the FF, thereby in-
dicating that the concentration of FSH in the FF affects the
quality of oocytes and embryos. E2 was weakly negatively
correlated with the number of high-quality embryos, which
may be the result of a synergistic effect of FSH and E2. There
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was a weak positive correlation between AMH and the num-
ber of high-quality embryos. When AMH in the FF was high,
the number of oocytes obtained was higher, and the number
of embryos obtained also increased. Our results also showed
that VEGF levels were positively correlated with FSH and LH
in the FF, but not with E2 and AMH. This result further con-
firmed that the amount of FSH and LH entering the FF is
related to the number of capillaries around the follicle.

In this study, three groups with different numbers of high-
quality embryos were compared. The higher the number of
high-quality embryos obtained was, the lower the levels of
VEGF were. Previous studies have shown that the concen-
tration of VEGF in the FF affects the developmental poten-
tial and fertilisation ability of oocytes, resulting in decreases
in embryo quality and pregnancy rates [5]. The results of this
study are consistent with those of previous studies.

In the early stage of follicular development, FSH and LH
promote follicular development, but in the late stage, FSH in-
terferes with the arrangement of oocyte chromosomes on the
equatorial plate, resulting in increase in aneuploid oocytes,
thus affecting the formation of normal embryos. These re-
sults further indicate that lower concentrations of VEGF,
FSH, LH, and E2 in the late FF are helpful in improving the
developmental potential of oocytes and increasing the num-
ber of high-quality embryos.

5. Conclusions

In conclusion, the number of high-quality embryos is di-
rectly related to the number of oocytes. The concentration of
FSH in FF affects the formation of high-quality embryos; the
capillary network around the follicle regulates the concentra-
tion of FSH in FF. In the late stage of follicular development,
high concentration of FSH affects the development potential
of oocytes. Hence, reducing the amount of FSH entering into
FF from the blood circulation may increase the number of
high-quality embryos.
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