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Abstract
This study aimed to examine the effects of adding growth hormone (GH) into the in vitro maturation (IVM) culture medium of
mouse oocytes on pregnancy outcomes. Cumulus-oocyte complexes (COCs) were cultured in a mediumwith (GH group, 100 ng/
mL) or without (Con group) GH. Thereafter, chromosome morphology, spindle morphology, and mitochondrial function were
examined. Embryo development and blastocyst quality after in vitro fertilization were evaluated. After the embryo transfer, the
implantation sites and pregnancy outcomes were evaluated. The oocyte maturation rate of the GH group (81.8 ± 9.6%) was
compared to that of the Con group (81.3 ± 6.9%, P = 0.928). The proportion of morphologically abnormal spindles in GH-treated
oocytes (7.1 ± 0.9%) was significantly lower than control oocytes (13.7 ± 1.3%, P = 0.032), whereas the proportion of
morphologically abnormal chromosomes and mitochondrial distribution was similar between the groups. The mitochondrial
membrane potential (P < 0.001) and ATP concentration (P < 0.001) in GH-exposed oocytes were higher than those in control
oocytes. After fertilization, the blastocyst rate in the GH group (33.8 ± 13.2%) was significantly higher than the Con group (16.2
± 2.0%, P = 0.003). In addition, inner cell mass (ICM) number (13.91 ± 3.48 vs. 7.00 ± 1.91, P < 0.001), total cell number (47.45
± 8.39 vs. 37.71 ± 4.15, P = 0.007), and the ratio of ICM/total cell number (29.9 ± 8.2% vs. 18.6 ± 5.0%, P = 0.002) of blastocyst
were all higher in GH group. The implantation rate (71.2 ± 1.9% vs. 39.4 ± 16.4%, P < 0.001) and litter size (8.50 ± 3.99 vs. 3.00
± 1.22, P = 0.018) were significantly higher in the GH group. Although addition of GH into IVM culture medium does not
improve oocyte maturation rate, it improves oocyte and embryo quality, which leads to better embryo development and preg-
nancy outcomes.
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Introduction

In vitro maturation (IVM) is not commonly used because it
associates with poor oocyte maturation and developmental
competence compared with traditional in vitro fertilization
(IVF) [1, 2]. Researchers have reported many attempts to im-
prove IVM culture systems by adding different growth factors
[3, 4] or hormones [5, 6] into media or altering culture proto-
cols [7]. Growth hormone (GH) has been reported to improve
human oocyte potential competence [8]. A high GH concen-
tration in human follicular fluid was reported to be associated
with a high developmental competence in oocytes [9]. Hou
et al. [10] demonstrated that daily injections of GH to aged
mice for 8 weeks improved oocyte quality, probably by en-
hancing mitochondrial function. Furthermore, Weall et al.
[11] illustrated that GH administration before oocyte retrieval
could increase the number of mitochondria in oocytes from
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aged women with decreased GH receptor (GHR) expression.
As for the poor responders undergoing assisted reproductive
technology treatments, GH could significantly increase the
number of oocytes retrieved, and thus the number of transfer-
able embryos [12], pregnancy rate, and live birth rate [13].
Although GH pretreatment could not improve the live birth
rate [14], we observed an increase in the number of retrievable
oocytes and transferable embryos, as well as the clinical preg-
nancy rate [15], consistent with the results of previous studies
reporting an improvement in oocyte development by GH.

In the aforementioned studies, GH was administered sys-
temically over the course of several weeks, instead of locally.
As GH can affect organs other than the ovary, long-term sys-
temic administration may cause unwanted effects. Therefore,
adding GH into the IVM culture medium may represent a
better approach to understanding the effects of this hormone
on the developmental capacity of oocytes.

The effects of GH on oocyte function are not entirely
known. Although GH supplementation (100 ng/mL) can ac-
celerate the kinetics of meiosis in bovine COCs, there was no
improvement in the maturation rate [16], cleavage rate, and
embryo production rate after culturing for 24 h [17]. However,
the addition of GH at the same concentration to culture medi-
um accelerated the meiotic resumption in immature rat
cumulus-enclosed oocytes, but not in denuded oocytes [18].
Furthermore, GH has been reported to improve the maturation
rate of equine [19–21], mouse [22], and human [8] oocytes,
although the developmental potential of mature oocytes was
not examined in these studies. Furthermore, few studies [23,
24] have reported improved embryo development by GH.

Most in vitro studies have investigated the effects of GH
supplementation in the culture medium on the maturation of
oocytes, and few have examined its effects on the later embryo
development. In addition, implantation and pregnancy out-
comes of embryos derived from IVM oocytes have not been
examined yet. This study was designed to explore the effects
of GH supplementation on oocyte maturation, oocyte quality,
subsequent embryo development, and pregnancy outcomes
after embryo transfer in mice.

Materials and Methods

Oocyte Collection, Culture, and Maturation
Assessment

This study was approved by the Institutional Animal Welfare
and Ethics Committee Policies of Peking University Health
Science Center (protocol no. LA2018256). Eight-week-old fe-
male Institute of Cancer Research (ICR) mice were sacrificed by
cervical dislocation for 44–46 h after the intraperitoneal injection
of pregnant mare serum gonadotropin (PMSG, 5 IU). In the M2
medium (Sigma-Aldrich, cat. no. M7167, USA), COCs were

released from ovaries by puncture with a 1-mL syringe needle.
COCs with an intact enclosed cumulus were collected and di-
vided equally into two groups for culture at 37 °C in an incubator
with 5% CO2 for 14 h. The maturation medium was TCM-199
(Gibco, cat. no. 11150059, USA) supplemented with 10% fetal
bovine serum (FBS, Gibco, cat. no. 10099141), 24.2 mg/mL
sodium pyruvate (Sigma-Aldrich, cat. no. P4562), 1.5 IU/mL
PMSG (Ningbo Second Hormone Factory, cat. no. Ymxq-
0001, China), and 1.5 IU/mL hCG (ProSpec, cat. no. HOR-
250, Israel). For the GH group, COCs were cultured in the mat-
uration medium in the presence of recombinant mouse GH (100
ng/mL, Prospec, cat. no. CYT-540). For the Con group, COCs
were cultured in the maturation medium in the absence of GH.
After culturing for 14 h, several oocytes were denuded from
cumulus cells with hyaluronidase (Sigma-Aldrich, cat. no.
H4272) for maturity assessment. Mature oocytes (MII stage)
were characterized as those with the first polar body but without
the germinal vesicle.

Fertilization and Embryo Culture

To examine the effects of GH supplementation on embryo de-
velopment, COCs were immediately fertilized (i.e., without ma-
turity assessment) to avoid the adverse effects of hyaluronidase
on oocyte competence. After culturing for 13 h, a 10-week-old
fertile male ICR mouse was sacrificed, and a small incision was
made in the cauda epididymis to collect sperms. Sperms were
transferred to 0.3 mL of human tubal fluid (HTF) medium
(Millipore, cat. no. MR-070-D, USA) containing 4 mg/mL of
bovine serum albumin (BSA, Sigma-Aldrich, cat. no. A1933),
covered with a drop of paraffin oil, and incubated at 37 °C for 1
h. COCs were subsequently transferred to fresh HTF medium
(0.3 mL), and 3–5 μL of medium containing sperms was used
for in vitro fertilization (IVF). After fertilizing for 3–4 h, the
oocytes were washed with the HTF medium, transferred into
KSOM medium (Millipore, cat. no. MR-121-D), and incubated
at 37 °C. Zygote development was assessed, and the proportions
of 2-cell and blastocysts were recorded.

Immunofluorescence Staining

For the staining of chromosomes and spindles, mature oocytes
were fixed in 4% paraformaldehyde for 30 min, followed by
permeabilization in phosphate-buffered saline (PBS) contain-
ing 0.5% Triton X-100 for 20 min and blocking in PBS con-
taining 1% BSA for 1 h at room temperature. Oocytes were
subsequently incubated in a fluorescein isothiocyanate-
conjugated anti-α tubulin antibody (Sigma-Aldrich, cat. no.
F2168, diluted 1:200 in PBS containing 1%BSA) at 37 °C for
1 h under dark conditions. After washing three times in PBS
containing 1% Tween-20 and 0.01% Triton X-100, the oo-
cytes were mounted in antifade mounting medium containing
DAPI (4′6,-diamidino-2-phenylindole) (Beyotime, cat. no.
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P0131, China) on glass slides and visualized under a confocal
microscope (Zeiss model LSM 710, USA).

For the analysis of mitochondrial distribution, the oocytes
were cultured in the maturation medium containing 200 nM
Mito-Tracker Green (Invitrogen, cat. no. M7514, USA) at 37
°C for 30 min under dark conditions. Oocytes were washed
three times, transferred to a glass-bottom dish (NEST, cat. no.
801002, China) containing the maturation medium, and visu-
alized under a confocal microscope.

For differential staining, blastocysts were washed twice
with PBS and then fixed in 4% paraformaldehyde for
20 min at room temperature. They were washed in PBS with
0.1% Tween 20 for three times and permeabilized with 0.25%
Triton X-100 for 30 min at 37 °C. After that, blastocysts were
blocked with 3% BSA for 2 h at room temperature, followed
by treating with primary antibodies overnight at 4 °C. After
being washed with 0.1% Tween 20-PBS for three times, blas-
tocysts were incubated with second antibodies for 1 h at room
temperature. Primary antibodies used in this study were
NANOG (CST, cat. no. 8822S, USA) and CDX2 (Santa
Cruz, cat. no. sc-393572, USA). Second antibodies used were
CyTM3-conjugated AffiniPure Goat Anti-Rabbit IgG
(Jackson ImmunoResearch, cat. no. 111-165-144, USA) and
CyTM2-conjugated AffiniPure Goat Anti-Mouse IgG
(Jackson ImmunoResearch, cat. no. 115-225-146). Finally,
blastocysts were mounted in an antifade mounting medium
containing DAPI on glass slides and visualized under a con-
focal microscope (Zeiss model LSM 710, USA). The nuclei of
the inner cell mass (ICM) cells that were labeled with
NANOG appeared red, nuclei of the trophectoderm (TE) cells
that were labeled with CDX2 appeared green, and the nuclei
of the total cells that were stained with DAPI fluoresced blue.

Measurement of the Mitochondrial Membrane
Potential

JC-1 (BioVision, cat. no. 1130-5, USA), a cationic
carbocyanine dye, was dissolved in dimethyl sulfoxide at a
stock concentration of 5 mg/mL. Mature oocytes were cul-
tured in the M2 medium containing JC-1 (10 μg/mL) at 37
°C for 15 min, and then confocal images were acquired at
wavelengths of 488 nmEX/564 nmEM. The ImageJ 1.47
Software (National Institutes of Health, USA) was used to
quantify the intensity of the fluorescent signal in each oocyte.
The mitochondrial membrane potential was calculated as the
ratio of red fluorescence to green fluorescence.

Measurement of the ATP Level in Oocytes

Five oocytes constituted one sample, and three samples were
assayed for each time point. Lysis buffer (50 μL) was added to
each sample on ice, and samples were centrifuged at 12000×g
for 5 min. The supernatants were recovered, and the ATP level

was measured using the Enhanced ATPAssay (Beyotime, cat.
no. S0027) as previously described [25]. In brief, the ATP
standard solution was diluted appropriately, and a standard
curve of seven ATP concentrations was generated.
Supernatants were combined with the ATP working solution
(100 μL), and samples were incubated at room temperature
for 3 min. The absorbance was measured with a multiscan
spectral microplate reader. The ATP concentration was deter-
mined using the standard curve. The experiment was replicat-
ed three independent times.

Preparation of Pseudopregnant Mice and Embryo
Transfer

One day before embryo transfer, 8-week-old virgin female
ICR mice were mated with vasectomized males to induce
pseudopregnancy, which was confirmed by the presence of a
vaginal plug. Eighteen pseudopregnant mice were anesthe-
tized with tribromoethanol (Sigma-Aldrich, cat. no.
T48402), and a 1-cm incision was made along the dorsum
midline. One ovary was partially removed, and 13 2-cell-
stage embryos derived from 2-pronuclei zygotes were forced
into the oviduct with a mouth-controlled capillary pipette un-
der the guidance of a stereomicroscope. This process was
repeated for the other oviduct.

Staining and Observation of the Implantation Site

Chicago Blue (Yuanye, cat. no. S19183, China) was dissolved
in normal saline according to the manufacturer’s instructions.
Five days after embryo transfer, 1% Chicago Blue dye (0.2
mL) was injected into the tail vein of three mice from each
group. The mice were sacrificed after the eyes and lips turned
blue. Uteri and bilateral ovaries were collected. Implantation
sites were stained blue and identified easily.

Statistical Analysis

Data were analyzed with the SPSS 25.0 Software (IBM, USA).
Comparisons between measurement data were performed by
Student’s t-test or Mann–Whitney U test appropriately, whereas
comparisons between categorical data were performed by chi-
square test. All reported P-values were two tailed, and P < 0.05
was considered statistically significant.

Results

Effects of GH Supplementation on the Maturation
Rate and Embryo Development

A total of 350 COCs were retrieved from 20mice (5 per time).
As shown in Fig. 1a, only cumulus-enclosed oocytes were
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used in this experiment. The maturation rate of GH-treated
oocytes (81.8 ± 9.6%, n = 4) was similar to that of untreated
oocytes (81.3 ± 6.91%, n = 4, P = 0.928; Fig. 1b)

As mechanical or chemical denudation can adversely affect
oocyte quality, COCswere immediately fertilized with epidid-
ymal sperms in vitro in the absence of maturity assessment.
Twenty-five mice were sacrificed and 421 COCs were obtain-
ed. As shown in Fig. 1c, 66.8 ± 6.8% (n = 5) of GH-treated
COCs developed into 2-cell-stage embryos compared to 61.9
± 10.3% (n = 5) of Con COCs. The proportions of 2-cell-stage
embryos in the GH group developing into blastocysts (33.8 ±
13.2%, n = 5) were significantly higher than that of the Con
group (16.2 ± 2.0%, n = 5, P = 0.003).

Effects of GH Supplementation on Chromosome
Morphology, Spindle Morphology, and Mitochondrial
Distribution in Mature Oocytes

COCs were obtained from 40mice and cultured in two groups
for 14 h. After denuding oocytes and assessing maturity, 513
mature oocytes were selected for immunofluorescence stain-
ing, of which 388 oocytes were used for the co-staining of
chromosomes and spindles and 125 oocytes were used for
the staining of mitochondria. The rate of morphologically

abnormal chromosomes in oocytes of the GH group (7.1 ±
0.9%, n = 4) was similar to that in cells of the Con group
(10.5 ± 1.3%, n = 4; P = 0.229). The rate of morphologically
abnormal spindles in oocytes of the GH group (7.1 ± 4.1%, n
= 4) was lower than that in oocytes of the Con group (13.7 ±
6.2%, n = 4; P = 0.032). There was no significant difference in
the mitochondrial distribution between the GH group (3.2 ±
3.2%, n = 4) and the Con group (1.6 ± 2.7%, n = 4; P > 0.999;
Fig. 2)

Effect of GH Supplementation on Mitochondrial
Function in Mature Oocytes

COCs were retrieved from five mice and cultured in two
groups. Thereafter, 65 mature oocytes were fluorescently
stained with JC-1 (33 GH-treated oocytes and 32 Con oo-
cytes). The red–green fluorescent intensity ratio, which re-
flects the mitochondrial membrane potential, was calculated
according to the manufacturer’s instructions. As shown in Fig.
3b, the membrane potential of GH-treated oocytes (1.15 ±
0.14) was significantly higher than that of Con oocytes (0.80
± 0.10, P < 0.001).

COCs were retrieved from two mice, and the ATP level
was measured in mature oocytes. The ATP level in GH-

Fig. 1 Morphology of oocytes and comparison of oocyte maturation and
embryo development. aMorphology of COCs and denuded oocytes. Red
arrow (right panel) indicates an oocyte with the first polar body. Scale bar
= 100 μm. b Comparison of the maturation rate between Con and GH

groups. Normal data distribution, Student’s t-test. MII rate, ratio of
mature oocytes to total oocytes cultured. c Comparison of 2-cell-stage
embryo rate and blastocyst rate between Con and GH groups. Chi-square
test. **P < 0.01. Con, control; GH, growth hormone
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treated oocytes (0.90 ± 0.02 pmol/oocyte) was significantly
higher than that of Con oocytes (0.72 ± 0.03 pmol/oocyte, P <
0.001; Fig. 3c)

Effects of GH Supplementation on Blastocyst Quality

A total of 7 blastocysts in the Con group and 22 blastocysts in
the GH group were stained for quality evaluation (Fig. 4a).
Although numbers of TE cells (stained with CDX2) per blas-
tocyst were similar between the Con group (30.71 ± 4.15) and
the GH group (33.55 ± 8.50, P = 0.407), number of ICM cells
(stainedwith NANOG, 13.91 ± 3.48) and number of total cells
(stained with DAPI, 47.45 ± 8.39) were significantly higher
than those in the Con group (7.00 ± 1.91, P < 0.001; 37.71 ±
4.15, P = 0.007, respectively). The ratio of ICM cell number/
total cell number was also significantly higher in the GH
group (29.9 ± 8.2%) than that in the Con group (18.6 ±
5.0%, P = 0.002; Fig. 4b and c)

Effect of GH Supplementation on Pregnancy
Outcomes

Twenty mice were primed and sacrificed for oocyte retrieval.
After IVF, 2-cell-stage embryos were transferred into the ovi-
ducts of two pseudopregnant mice (one received 26 embryos

derived from the GH group, and the other received 26 embry-
os derived from the Con group). The experiment was replicat-
ed nine times.

Five days after ET, Chicago Blue was injected into
four mice from each group. Mice were sacrificed, and
the implantation sites were examined. The uteri and ova-
ries are shown in Fig. 5a. The implantation rate of mice
that received embryos from the GH group (71.2 ± 1.9%, n
= 4) was significantly higher compared to mice that re-
ceived embryos from the Con group (39.4 ± 16.4%, n =
4, P < 0.001). The remaining six mice from each group
were followed until delivery or confirmation of non-preg-
nancy. All six mice in the GH group gave birth to pups,
and the litter size was 8.40 ± 3.60, whereas five of six
mice in the Con group gave birth, and the litter size was
3.00 ± 1.22 (P = 0.018; Fig. 5b and c)

Discussion

The supplementation of IVM culture medium with GH had a
positive effect on pregnancy outcomes in the mouse model.
Although there was no increase in the maturation rate and 2-
cell embryo rate, exogenous GH could enhance oocyte qual-
ity, blastocyst rate, and blastocyst quality. Furthermore, the

Fig. 2 Chromosome morphology, spindle morphology, and
mitochondrial distribution of mature oocytes. (A) Immunofluorescent
staining of chromosomes (blue) and spindles (green). a Normal chromo-
some and spindle morphologies are shown. b and c Abnormal chromo-
some and spindle morphologies are shown; scale bar = 20 μm. (B)
Confocal microscopy images of mitochondrial distribution (green). a
and b Normal mitochondrial distribution (mitochondria were distributed

homogeneously within the cytoplasm) is shown. c Abnormal mitochon-
drial distribution (mitochondria were abnormally clustered within the
cytoplasm) is shown; scale bar = 20 μm. (C) Proportions of oocytes with
morphologically abnormal chromosomes and spindles, and oocytes with
abnormally distributed mitochondria. Chi-square test. *P < 0.05. Con,
control; GH, growth hormone
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implantation rate and litter size after embryo transfer were
improved after the addition of GH.

Our results on the maturation rate after the addition of
GH into IVM culture medium are inconsistent with those
of previous studies [19–22]. Although there was no im-
provement in oocyte maturation, mitochondrial function
was enhanced in oocytes exposed to GH, as shown by an
elevated mitochondrial membrane potential and an in-
creased ATP level. Mitochondrial function is an index
of both cytoplasmic maturation and oocyte quality.
During oocyte maturation, there is extensive cytoskeletal
reorganization and mitochondrial redistribution, and a
high ATP level is required to meet the cells’ demands
for energy [26]. Mitochondrial dysfunction can negative-
ly affect oocyte competence and embryo development
[27]. In our study, exogenous GH reduced the proportion
of abnormal spindles, possibly by promoting mitochon-
drial function, as mitochondria have been reported to
support spindle assembly [28].

Equally important, GH could enhance cytoplasmic maturi-
ty, thereby promoting the developmental capacity of oocytes.
Thus, exogenous GH improved both blastocyst formation and
blastocyst quality reflected by higher cell number of ICM and
total cell number, consistent with the results of Shirazi et al.
[23] and Mtango et al. [24]. In another study, Pozzobon et al.
[17] revealed no improvement in the rates of bovine embryo
cleavage and embryo production, although the embryo hatch-
ing rate was significantly higher in the IVM culture medium
supplemented with GH. Presently, there is no study exploring
the effects of GH supplementation on implantation and preg-
nancy outcomes after embryo transfer. We are the first to
report that the addition of GH into IVM culture medium could
significantly increase the implantation rate and litter size.

COCs, instead of denuded oocytes, were used in this study.
Both oocytes and cumulus cells (CCs) have been reported to
express GHR [29], and GH has been identified to play impor-
tant roles in steroidogenesis and oocyte maturation through
gap junctions between oocytes and surrounding CCs [30].

Fig. 3 Mitochondrial membrane
potential and ATP level in
oocytes. a JC-1 immunofluores-
cent staining of oocytes cultured
in the presence (GH) or absence
(Con) of GH. Scale bar = 20 μm.
b Comparison of the ratio of red-
to-green immunofluorescence in
oocytes as an indicator of the mi-
tochondrial membrane potential.
Normal data distribution,
Student’s t test. c Comparison of
the ATP level in oocytes between
Con and GH groups. Normal data
distribution, Student’s t test. ***P
< 0.001. Con, control; GH,
growth hormone
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Cumulus expansion induced by GH associates with oocyte
maturation [31, 32], and GH increases the kinetics of meiotic
resumption in immature rat cumulus-enclosed oocytes, but not
denuded oocytes [18]. As CCs can facilitate oocyte growth
and development [33], most studies [16–24] employ COCs,
instead of oocytes without CCs. Only one study [22] has re-
ported the positive effect of GH on the maturation of denuded
mouse oocytes; however, the results should be interpreted
with caution as recombinant human GH was used, instead of
recombinant mouse GH, and the maturation rate of control
oocytes was only 44% after culturing for 27 h. By contrast,
our study explored the effects of recombinant mouse GH on
mouse COCs, and the oocyte maturation rate in both groups
was about 81% after culturing for 14 h.

In this in vitro study, GH was added directly into the IVM
culture medium of oocytes. In many clinical studies [11–15],
GH was administrated systemically to patients that with poor
response or with diminished ovarian reserve before oocyte
retrieval. According to previous studies from previous studies
[14, 15], the medication of systemically administered GH lasts
from a few weeks to months, and many patients cannot adhere

to the regimen due to the high cost and pain caused by the
systemic administration of GH. In addition, systemically ad-
ministered GH can act on the endometrium, instead of the
ovaries, to influence pregnancy outcomes [34]. As reported
by Cui et al. [35], GH affects endometrial cells to promote
endometrial receptivity, thereby improving the pregnancy rate
of patients with a thin endometrium. Lan et al. [36] demon-
strated that GH could improve endometrial imaging during
ultrasonography, enhance endometrial receptivity, and reduce
the cycle cancellation rate in women older than 40 years. In
these cases, it is difficult to conclude whether GH influences
pregnancy outcomes by affecting oocytes or the endometrium.
In humans, the effects of exogenous GH administration re-
main unknown, as the confounding factors have not yet been
established. Presently, our knowledge on the effects of GH on
oocyte maturation and subsequent oocyte development is
mos t ly der ived f rom in v i t ro s tud ies of media
supplementation.

According to the study of Stewart et al. [37], FBS has high
concentration of GH and 50 nM GH could replace FBS as a
component of the differentiation cocktail for cell culture. To

Fig. 4 Immunostaining and comparisons of ICM cells, TE cells, and total
cells of blastocyst in Con and GH groups. a Blastocysts derived from
oocytes in Con and GH groups were stained with NANOG for ICM cells,
CDX2 for TE cells, and DAPI for total cells. Bar = 10 μm. b Comparison

of numbers of ICM cells, TE cells, and total cells between two groups. c
The ratio of ICM/total cells represents by mean ± SD in each group.
Normal data distribution, Student’s t test. **P < 0.01. Con, control;
GH, growth hormone; ICM, inner cell mass; TE, trophectoderm
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study the confounding effect of the potential GH contained in
FBS in the present study, we designed two groups for prelim-
inary comparison. For the FBS group, COCs were cultured in
the same medium as the Con group. For the non-FBS group,
COCs were cultured in a similar medium, but 50 nM GH was
supplemented instead of 10% FBS. The culture procedure was
the same as described in this study. As a result of 5 replicated
experiments, in FBS group, mature oocytes could be fertilized
and developed into blastocyst. In the non-FBS group, howev-
er, almost no 2-cell-stage embryo was produced and no blas-
tocyst was found after IVF. The FBS seems to be necessary
for the culture and could not be replaced by GH in the IVM
medium. Thus, a group with GH and without FBS was not
designed in the present study. We also found that in previous
studies researching the effect of GH supplementation in IVM
culture system [18–23], the culture media were all supple-
mented with FBS or FCS or BSA. The confounding effect
of FBS in the study might be limited.

To our best knowledge, this is the first study to investigate
the effects of GH supplementation in the IVM culture medium
on pregnancy outcomes after embryo transfer. We found that

exogenous GH supplementation in vitro could improve oo-
cyte quality, embryo development, implantation, and live
births. These findings provide compelling evidence for the
use of exogenous GH in improving in vitro culture systems
of human oocytes. A recent study evaluated the effects of GH
in denuded immature human oocytes and reported that this
hormone could promote oocyte maturation and the expression
of genes associated with embryo development [8]. These re-
sults should be confirmed in future studies with immature
human cumulus–oocyte complex.

In conclusion, the supplementation of IVM culture medium
with GH could not enhance the maturation rate of mouse
oocytes. However, it improved embryo development and
pregnancy outcomes, probably by enhancing mitochondrial
function in oocytes.
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