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Abstract: Nowadays, success rate of in vitro fertilization and pregnancy depends on evaluation of culture conditions. 
Theaim of this study is to improve maturation and development outcome of immature mouse oocytes by adding of 
fibroblast growth factor-4 (FGF-4) into culture medium. Cumulus - oocyte complex (COCs) and germinal vesicle (GV) 
were obtained from female NMRI mice 46-48 hours after administration of an intra-peritoneal injection of 5 IU of PMSG. 
COCs were released from follicles and cultured for 18 hours in humidified atmosphere with 5% CO2 at 37C° in TCM199, 
supplemented with 0, 10, 20, 50 and 100ng/ml of FGF-4. After in vitro maturation (IVM), metaphase ІІ (MІІ) oocytes 
were co-incubated with sperms for 4-6 hours in T6 medium. For all groups, 2PN embryos were cultured in the same 
medium and cleaved embryos were assessed after 24 hours. The percentage of maturation into MII was significantly 
higher in groups treated with 10 and 20 ng/ml of FGF4 compared with the control group (P < 0.05). And the percentage of 
embryos developed to blastocysts was significantly higher in 20 ng/ml FGF-4 treated group than the control group 
(P<0.05). Exogenous FGF-4 during IVM improves the oocyte maturation and embryo development. 
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INTRODUCTION 

 Numerous studies have established that the in vitro 
maturation (IVM) of germinal vesicle (GV) oocytes to the 
metaphase ІІ (M ІІ) stage is technically feasible in a variety 
of different mammalian species [1]. In domestic mammals 
such as pig and cattle, IVM of GV oocytes derived from 
slaughterhouse ovaries is routinely used for the commercial 
production of embryos and hence new livestock [2, 3]. In 
laboratory animals such as rat and mouse, IVM is also a 
well-established protocol with high rates of success in the 
production of embryos and new animals [4, 5]. In contrast, 
the IVM of human GV oocytes in clinical assisted repro-
duction is much less successful [6, 7]. However, relatively 
high rates of polyspermic fertilization and low develop-
mental potential are some of major obstacles for in vitro 
production of viable pig embryos with high quality. High 
rates of polyspermic fertilization and low rates of male 
pronuclear (MPN) formation after IVF may be attributable to 
incomplete in vitro oocyte maturation. Several studies have 
attempted to overcome these problems by improving oocyte 
maturation after modification of in vitro maturation (IVM) 
systems [8-10]. The clinical advances in the field of assisted 
reproductive technique (ART) are related to the commit- 
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ments of the reproductive biologists with their works on 
experimental animals. In this regards, the continuous work of 
Professor Robert Edwards, is well recognized by scientists 
all around the world. He was the first one who successfully 
developed in vitro fertilization (IVF) in mice during 1964 
[11]. In vitro maturation of oocyte is important in women 
who are either at the risk of ovarian hyper stimulation, 
failure to hormonal stimulation response and finally in 
patients with polycystic ovarian syndrome [12]. In the pre-
ovulatory follicle, the fully grown immature oocyte is 
surrounded by several layers of granulose cells, the cumulus 
oophorus. The oocyte and cumulus cells are coupled by gap 
junctions and form a functional syncytiom known as the 
cumulus-oocyte complex (COC) [13,14]. The pre-ovulatory 
surge of gonadotrophins stimulates two events: oocyte matu-
ration and cumulus expansion. Oocyte maturation involves 
progression from prophase of the first meiotic division to 
metaphase of the second meiotic division (M ІІ). The first 
indication of the resumption of meiosis is germinal vesicle 
breakdown (GVBD), which occurs about 2 hrs after the 
stimulus. The oocyte then proceeds through the first meiotic 
division before arresting at MІІ about 10 hrs later. In 
addition to these cell cycle events, modifications also occur 
in the oocyte cytoplasm to ensure that normal fertilization 
can take place [14,15]. Other studies indicate that in vitro 
matured oocytes are more sensitive to sub-optimal culture 
conditions than in vivo matured oocytes [16,17] and that, 
culture medium can influence on in vitro and in vivo 
development [14,16]. 
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 Understanding the mechanisms that initiate and control 
the growth of small follicles remains a major challenge in 
human ovarian biology. The factors and mechanisms invol-
ved in this process are not yet fully understood. Irrespective 
of gonadotrophin involvement, there is good evidence 
suggesting that local regulatory factors are implicated in this 
temporal and spatial process [18,19]. The fibroblast growth 
factors (FGF-4s) are a group of heparin-binding single chain 
polypeptides that play a pivotal role in development, cell 
growth, tissue repair and transformation. They stimulate the 
ovarian granulose cell differentiation [20], the expression of 
the luteinizing hormone (LH) receptors by granulose cells, 
and the proliferation of ovarian germinal cells [21]. 

MATERIALS AND METHODS 

Animals and Oocytes Recovery 

 All reagents were purchased from sigma (Germany), 
except, fetal calf serum (FCS) that was purchased from 
Gibco (UK). Human chorionic gonadotrophin (hCG) was 
purchased from Organon (Holand) and bFGF-4 from R&D 
systems (USA). The animal studies were approved by the 
Razi institute of karaj (Iran). Female NMRI mice, 6-8 weeks 
old, were killed by cervical dislocation. Their ovaries were 
removed and immediately placed in pre-warmed tissue 
culture medium-199 (TCM-199 plus NaHCO3, penicillin and 
streptomycin) supplemented with 5% FCS. Cumulus 
enclosed oocytes (CEO) at GV stage were harvested by 
puncturing the large antral follicles with a 26-gauge needle. 
Denuded oocytes were obtained by repeated pipetting of the 
CEO through a small bore pipette (~130µm) to remove the 
surrounding cumulus cell. 

Culture of Immature Oocytes 

 Fully grown denuded oocytes at GV stage were collected 
and thoroughly washed three times in fresh pre-incubated 
TCM-199 supplemented with 5% FCS, under mineral oil for 
IVM. This maturation medium (TCM-199) was also used as 
control medium (without the addition of FGF-4) and 
treatment medium (by adding required amount of FGF-4) 
and these mediums were equilibrated in an atmosphere of 
5% CO2 in air at 37 C0 for 24h before usage. 

IVF and Embryos Development 

 After 18 hrs of IVM, COCs were washed twice in 
fertilization media [T6 Media and 15mg/ml bovine serum 
albumin (BSA)] and co-incubated with capacitated sperms 
from mice. Sperms were obtained from adult male NMRI 
mice by epididymal extraction, followed by incubation of the 
in vitro matured oocytes with these sperms adjusted to one 
million sperms/ml and then inseminated into the 50µl drop of 
T6 medium containing 15mg/ml of BSA. After 4-6 hrs of 
insemination, the inseminated oocytes were removed from 
insemination medium and were cultured in groups of 5-10 
zygotes per 50 µl drop of T6 medium containing 4mg/ml of 
BSA under oil at 37 oC and 5% CO2. Fertilization rates were 
scored 20 hrs after IVF and 2-cell embryos transferred to 
fresh drops for another 25-27 hrs, after which embryos were 
assessed for their rate of development, to distinguish 
percentage of faster developing embryos and finally moved 

into drops over-layered with mineral oil for 47-49 hrs. The 
embryos were counted at the end of the culture period at 96-
100 hrs post fertilization to determine blastocyst deve-
lopment. 

Experiment Design 

 To study the effect of fibroblast growth factor (FGF-4) 
on maturation of denuded oocytes, denuded oocytes at GV 
stage were cultured for 24 hrs either in TCM medium 
containing FCS 5% supplemented with 10ng/ml (group 2), 
20ng/ml (group 3), 50ng/ml (group 4) and 100ng/ml of FGF-
4(group 5) or merely TCM (control group or group 1). After 
24 hrs, the maturation stage was assessed by inverted 
microscopy. The observation of oocytes that were undergone 
GVBD and the formation of the first polar body were taken 
as signs for completion of meiotic maturation. To study the 
effect of FGF-4 on the fertilization and subsequent develop-
ment of in vitro matured mouse oocytes, they were 
subsequently placed in T6 medium containing BSA 15mg/ml 
and inseminated with capacitated sperm for 4-6 hrs. These 
inseminated oocytes were then washed thoroughly before 
placing in fresh T6 medium containing BSA (4mg/ml). In 
order to investigate fertilization outcome of these in vitro 
matured oocytes, the inseminated oocytes were checked for 
the signs of fertilization [2 pronucleus (2PN)] over a maxi-
mum period of 4-6 hrs after insemination. Those with no 
signs of fertilization and failure to reach to the 2-cell stage, 
after further culture, were subsequently taken as unfertilized 
oocytes. The embryos were cultured until blastocyst stage. 

Statistical Analysis 

 Fetal outcomes were assessed using Chi-square test. All 
statistical analyses were performed using the Statistical 
Package for the Social Sciences version 13.0 for windows. 

Results 

 As shown in Table 1, the proportion of GV oocytes and 
COCs (Fig. 1-A and B) matured into metaphase ІІ oocytes 
(Fig. 1-C) were 81.3%,94.4%,92.5%,81.4% and 61.3% in 
control group (group 1), groups 2, 3, 4 and 5 respectively. 
The percentage of the oocytes remained at the GV stage was 
higher in group 5 than the other groups. 
 The rate of oocytes developed to the MII stage of matu-
ration were significantly increased with 10ng/ml and 
20ng/ml FGF-4 treatment (groups 2 and 3) compared to 
control group (P<0.05). The percentage of embryos 
developed to two-cell stage (Fig. 2A) was higher for oocytes 
matured in 20ng/ml FGF-4 enriched medium (70.85%, 
P<0.05) in comparison to the control group. The percentage 
of the embryos reached to blastocyst stage (Fig. 2B) were 
higher in 20ng/ml FGF-4 treated (42.8%, P<0.05) than the 
control group (1) and groups 2, 4 and 5(29%, 31.1%, 9.5% 
and 6.6% respectively). 

DISCUSSION 

 The result of this study indicates that the presence 
Fibroblast growth factor (10 and 20 ng/ml) in the maturation 
medium positively influences the ability of mouse oocytes to 
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undergo meiotic maturation and resulting embryo develop-
ment (P<0.05). 
 The fibroblast growth factors (FGF-4) are a group of 
heparin-binding single chain polypeptides that play a pivotal 
role in development, cell growth, tissue repairing and trans-
formation. They stimulate the ovarian granulose cell diffe-
rentiation [20],   the expression  of  the  luteinizing  hormone  
(LH) receptors by granulose cells, and proliferation of 
ovarian germinal cells [21]. It is a ubiquitous molecule that 
has received sporadic attention in ovarian biology, yet it is 
known to be a powerful mitogen for granulosa cells of 
various species in vitro [19,22-25]. The overall consensus 
indicates that it presents in oocytes and granulosa cells of 
most follicle stages, but the degree of immunostaining 

reported at specific stages is ambiguous [24-28]. Localization 
of basic fibroblast growth factor (bFGF-4) mRNA within rat 
ovarian tissue was studied by Guthridge et al. (1992), who 
performed in situ hybridization on ovary slices at different 
stages of the estrous cycle and found that both granulosa and 
theca cells of large antral and smaller preantral follicles 
produced bFGF-4 mRNA. Growth factors are known to play 
a central role in the regulation of matrix-degrading 
components. The heparin-binding bFGF has been suggested 
as an intraovarian inducer of rat granulose cell tPA gene 
transcription [31] and has been found to stimulate gene 
transcription and production of TIMP1 in cultured bovine 
granulosa cells [32]. FGF-4 gene is implicated in the 
cytoplasmic activity and cell mediated signaling pathways. 

Table1. Comparison of in vitro Maturation and Development of Matured Oocytes between the Treatment and Control Groups 
 

Experimental groups Dosage of FGF-4)ng/ml( GV+COC MII 2CELLS Blastocyst 

Control (1) 0 193 157  
81.34% 

114  
59.06% 

56 
29.01% 

Group 2 10 180 
170  

94.44% 
P=0.0001 

101 
56.11% 

56 
31.11% 

Group 3 20 175 
162  

92.57% 
P=0.001 

124 
70.85% 
P=0.01 

75 
42.85% 
P=0.005 

Group 4 50 199 162  
81.4% 

78 
39.19% 

19 
9.54% 

Group 5 100 106 65  
61.32% 

31 
29.24% 

7 
6.6% 

GV:germinal vesicle, COC:cumulus oocyte complex, MII:metaphase II. 

   
Fig. (1). Mouse oocytes at Cumulus oocyte complex (A), germinal vesicle (B), metaphase II (C) stages. 

  
Fig. (2). Mouse embryos at two-cell (A), and blastocyst (B) stages. 
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FGF-4 is a key-player in the processes of proliferation and 
differentiation of oocytes [33]. 
 The effects of FGF-4 on the ability of embryos developed 
from in vitro matured oocytes to cleave to the two-cell stage 
may be mediated at a number of different concentrations. 
The cultural conditions were clearly sufficient to support 
development of in vivo matured oocytes. Since formation of 
42.85% of blastocysts in dosage of 20ng/ml of FGF-4, this 
suggests that the conditions during in vitro maturation 
sensitize the embryos to the culture conditions. This in vitro 
developmental block of embryos from in vitro matured 
oocytes is reminiscent of the so-called in vitro two-cell block 
which is apparent in the majority of mouse strains [14,34]. 
The development of in vitro matured oocytes has been 
shown to be affected by the culture medium used for 
maturation [14,17] and the culture media has been 
formulated to improve the development of embryos from the 
blocking strains of mice. Some of these modifications appear 
to be beneficial to the in vitro development of in vitro 
matured oocytes. Clearly there is a potential for in vitro 
matured mouse oocytes to be rendered sensitive to some 
[14,16], but not all, in vitro culture systems. The role of 
growth factors in embryo production has been an active area 
of research in the recent years. The hormones and growth 
factors present in the culture media or those secreted from 
oocytes seem to play a pivotal role in acquisition of 
developmental competence [35,36]. Several studies have 
been conducted to investigate the effect of hormones and 
growth factors on the IVM of oocytes. Increased maturation 
rate of mouse oocytes in media supplemented with FGF-4 
may be due to increased proteoglycan synthesis induced by 
FGF [35,37]. A significant positive effect of epidermal 
growth factor (EGF) on IVM of oocytes was reported in pigs 
[35,38]. In combination with gonadotrophins, FGF-4 
increased cumulus expansion and the rates of polar body 
extrusion in oocytes obtained using a whole follicle culture 
system [39]. Maturation medium supplemented with FGF 
and 5% serum supported polar body formation in about 90% 
of oocytes, with 41% of oocytes reaching the blastocyst 
stage after in vitro fertilization. Although recombination 
meiosis stimulating ligand was used in this experiment, 
oocyte maturation was conducted in the presence of serum, 
which could confound interpretation. Culture and maturation 
of oocyte-granulosa cell complexes in the presence of serum, 
results in similar rates of cleavage and blastocyst formation 
after in vitro fertilization compared with in vivo grown 
oocytes [40]. However, serum- or BSA- supplementation 
during meiotic maturation remains a source of undefined 
components that may mask the effects of growth factor on 
meiotic progression. Moreover, FGF supplementation to 
medium containing FCS had no effect on meiotic maturation 
or cleavage rates in bovine [35,41] or porcine oocytes [42]. 
Limited studies were conducted with fibroblast growth factor 
(FGF-4) [35,43]. Oocyte/embryo development to the 
blastocyst stage is regulated by exogenous FGF-4 in a stage-
specific manner [35,44]. Compared to EGF, fewer reports 
were available on the effect of FGF-4 on IVM and IVF 
[35,45]. However, it has been reported [35,46] that a finally 
tuned extracellular proteolysis occurs during IVM of COCs, 
for which the action of modulating growth factor like FGF-4 
was essential. In this present study, we observed an incre-

ment in both oocyte maturation and embryonic development, 
in vitro, by incorporating FGF as compared to the control.  

CONCLUSION 

 Our results show that Exogenous FGF-4 during IVM 
improves the oocyte maturation and embryo development. In 
the present study, we observed significantly increased clea-
vage and blastocyst rates with FGF-4 as compared to the 
control. 
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