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ABSTRACT 
 

Background: This study was conducted to evaluate fibroblast co-culture and Activin A on in vitro maturation and 
fertilization of mouse preantral follicles. Methods: The ovaries from 12-14-day-old mice were dissected, and 120-
150 μm preantral follicles were cultured individually in α-MEM as based medium for 12 days. A total number of 
456 follicles were cultured in four conditions: (i) base medium as control group (n = 113), (ii) base medium 
supplemented with 30 ng/ml Activin A (n = 115), (iii) base medium co-cultured with mouse embryonic fibroblast 
(n = 113), and (iv) base medium supplemented with 30 ng/ml Activin A and co-cultured with fibroblast (n = 115). 
Rate of growth, survivability, antrum formation, ovulation, embryonic development and steroid production were 
evaluated. Analysis of Variance and Duncan test were applied for analyzing. Results: Both co-culture and co-
culture + Activin A groups showed significant difference (P<0.05) in growth (on days 4, 6, and 8 of culture period) 
and survival rates. However, there was no significant difference in antrum formation, ovulation rate, and embryonic 
development of ovulated oocytes. There were significant differences (P<0.05) in the estradiol production on days 8, 
10, and 12 between co-culture + Activin A and the control group. Progesterone production also was significant 
(P<0.05) in co-culture + Activin A group on days 6, 8, 10, and 12 compared to control group. Conclusion: 
Fibroblast co-culture and Activin A promoted growth and survivability of preantral follicles. However, 
simultaneous use of them was more efficient. Iran. Biomed. J. 18 (1): 49-54, 2014  
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INTRODUCTION 
 

n vitro growth of follicles and retrieval of 
immature oocyte have been considered as novel 
approaches for obtaining mature oocyte and 

suggested as an additional strategy in preservation of 
fertility [1, 2]. One of the most important subjects in 
the techniques of in vitro maturation used in the basic 
biotechnological research is characterization of optimal 
conditions [1]. However, establishing a culture system 
that enables intact preantral follicles to be fully grown 
is still to be optimized. 

It has been suggested that Activins as growth and 
differentiation factors, which belong to transforming 
growth factor β superfamily, play key roles in 
governing oocyte and follicle development [3]. 
However, it has been reported that Activin A has no 
effect on in vitro growth of follicles from adult mice 

[4]. The positive effects of Activin A on in vitro 
development of follicles have been shown in mice [1, 
5], rat [3, 6], sheep [7], cow [8, 9], and human [10]. It 
has been proved that Activin A promotes follicular 
growth and differentiation by playing an autocrine/ 
paracrine role and enhances survival rate via increasing 
expression of connexin proteins in early follicular 
development [8, 11]. Cossigny et al. [3] also indicated 
a stimulatory role for Activin A in the transition of 
primordial follicles to primary and preantral stages, 
which is supported by FSH. 

Co-culture system is an alternative method used to 
improve in vitro development of oocyte and embryo 
[12]. Mouse embryonic fibroblasts as ovarian stroma 
cells not only support follicles structurally and have 
reciprocal paracrine signaling with follicles but also are 
homogenous and easy to produce [13]. They are also 
commonly used as feeder cells to enhance embryonic  
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Fig. 1. In vitro maturation of preantral follicle from 14-day-old mice. (A) Preantral follicles culture on day 0 (bar: 50 µm), (B) an 
antral follicle co-cultured with fibroblast cells on day 10 with antrum cavity (arrow, bar: 150 µm), (C) cumulus oocyte complex has 
released 16-24 hours post human chorionic gonadotropin (arrow, bar: 150 µm), and (D-F) embryonic development after in vitro 
fertilization of oocyte (bar = 100 µm). 

 
 

stem cell growth [13]. Therefore, the present study was 
conducted to investigate the synergistic effect of 
Activin A because of its positive role in mouse 
embryonic fibroblast co-culture on in vitro 
development of mouse preantral follicles.  

 
 

MATERIALS AND METHODS 
 

Chemicals. All the reagents were obtained from 
Sigma-Aldrich (Germany) unless otherwise specified. 

 
Animals. The NMRI mice were kept in the Central 

Animal House of Mazandaran University of Medical 
Sciences (Mazandaran, Iran) under controlled 
conditions (12 hours light:12 hours dark) and fed water 
and pellets ad libitum. 
 

Isolation and culture of preantral follicles. A 
number of 12-14-day old female mice were killed by 
cervical dislocation and their ovaries were transferred 
to dissection medium consisted of α-MEM (Gibco, 
UK) supplemented with 10% FBS (Gibco, UK), 100 
μg/ml penicillin, and 50 μg/ml streptomycin under 
mineral oil. Isolation was carried out by mechanical 
dissection under a stereomicroscope. Normal preantral 
follicles (diameter between 120-150 μm and round 
oocytes) were pooled and randomly divided for further 
study (Fig. 1A). Culture of preantral follicles was 

adapted from our previous described method [14]. 
Briefly, follicles were cultured in α-MEM (Gibco, UK) 
supplemented with 5% FBS, 100 mIU/ml recombinant 
follicle stimulating hormone (Gonal-F, Serono, 
Switzerland), 1% insulin, transferrin, and selenium mix 
(Gibco, UK), 100 μg/ml penicillin, and 50 μg/ml 
streptomycin in four culture conditions (control, 30 
ng/ml Activin A, co-culture system, and co-culture 
system supplemented with 30 ng/ml Activin  A, a total 
number of 456 follicles) for 12 days. All sampled 
media were pooled and stored at -20°C for hormone 
analysis. Measurement of follicle diameter was 
assessed using an ocular micrometer at magnification 
100× every 48 h during culture period.  
 

in vitro fertilization and embryo culture. Following 
ovulation induced by 1.5 IU/ml human chorionic 
gonadotropin (hCG; Pregnyl, 5,000 IU by Organon) on 
day 12, released cumulus oocyte complexes were 
fertilized in vitro (Fig. 1B). The sperm suspension was 
prepared from cauda epididymis at a concentration of 
10 ×106 cell/ml for 90 minutes in 500 µl of human 
tubal fluid medium supplemented with 4 mg/ml BSA. 
Fertilization medium was carried out in human tubal 
fluid medium supplemented with 4 mg/ml BSA in 
presence of 106/ml spermatozoa. After incubation for 5 
h, the oocytes were washed and cultured in T6 medium 
(containing 4 mg/ml BSA) for 5 days until blastocyst 
formation (Fig. 1C-E). 

(F) (E) (D) 

(C) (B) (A) 
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 Table 1. Comparison of the growth rates of follicles (mean diameters ± SD) in different groups 
 

                Days 
Groups                         

0 2 4 6 8 10 12 

Control 138 ± 7.44 173 ± 12.34 233 ± 25.6a 323 ± 40.3a 394 ± 44.7a 460 ± 69.04a 493 ± 41.6a 
Activin  138 ± 9.59 179 ± 13.87 267 ± 27.1ab 419 ± 43.3b 416 ± 59.2a 472 ± 67.61a 516 ± 87.5a 
Co-culture  137 ± 10.15 191 ± 15.97 276 ± 15.4b 408 ± 38.1b 455 ± 51.7a 480 ± 64.5a 526 ± 69.3a 
Co-culture + Activin  137 ± 7.02 186 ± 16.76 289 ± 28.5b 435 ± 38.5b 495 ± 44.7b 597 ± 65.4b 657 ± 84.2b

 

   According to Duncan's multiple range test, different and similar letters indicate significant (P<0.05) and non-significant differences, 
respectively. Data are expressed as mean ± standard deviation (SD). 

 

 
Fibroblast feeder layer preparation. Embryonic 

fibroblast monolayer was prepared according to Hatoya 
et al. [15] as described previously. Briefly, fetuses 
from female mice on days 12 and 13 of pregnancy 
were supplied. Cell suspension was prepared in α-
MEM supplemented with 10% FBS, 100 mg/ml 
streptomycin, and 100 IU/ml penicillin following 
removing the head, liver, and limb buds and then cut 
into small pieces. The primary fibroblasts were 
cultured until confluent and proliferated through two 
subsequent passages. Inactivation of fibroblast cells 
was carried out by adding 10 µg/ml mitomycin C 
(Kyowa, Tokyo, Japan) for 3 h in a humidified 
atmosphere of 5% CO2 at 37ºC to prevent division of 
fibroblast cells. Finally, fibroblast layer was plated at a 
density of 1 × 105 cells/ml one day before use. On the 
day of culture, fibroblasts had made a feeder layer in 
the culture droplets. 

 
Assessment of steroid hormones. Radioimmuno-

assay kits including IBL (Germany) kit with a 
sensitivity of 9.7 pg/ml, and a total precision of <10% 
(% coefficient of variation, CV) and Demeditec 
(Germany) kit with a sensitivity of 0.04 ng/ml and a 
total precision of <10% (CV) were used for measuring 
estradiol and progesterone respectively. 
 

Statistical analysis. Follicular diameter, survival 
rate, antrum formation, ovulation rate, or cumulus 
oocyte complex recovery, and embryonic development 
were analyzed by one-way ANOVA and Duncan’s 
multiple range tests. P<0.05 was considered to be 
statistically significant. 

RESULTS 
 

There were significant differences in the follicular 
diameter (as growth rate) in Activin A-treated group on 
day 6, in co-culture group on days 4 and 6, and in co-
culture + Activin A group on days 4, 6, 8, 10, and 12 
when compared to control group (Table 1). Although 
there was no significant difference in the growth rates 
of follicles between Activin A-treated and co-culture 
groups, co-culture + Activin A group showed a 
significant (P<0.05) growth rate on days 8, 10, and 12 
compared to Activin A and co-culture groups  alone. 
All experimental groups also showed significant 
differences in survival rate compared to control group 
(Table 2). Interestingly, there was no significant 
difference in survival rate between Activin A group 
and co-culture group and between co-culture group and 
co-culture + Activin A group; however, in co-culture + 
Activin A group, it was significantly more than Activin 
A group. Antrum-like cavities (Fig. 1F) were 
recognized from day 8 onward, and antral rates were 
between 85.7% (control) and 88.8% (Activin A). There 
was no significant difference in antrum formation rates 
among the groups (Table 2). The minimum and 
maximum quantities of ovulation rate were observed in 
control (80.2%) and co-culture groups (84.3%), 
respectively with no significant difference. Rate of 2-
cell embryo was between 41.1% (control) and 45.2% 
(co-culture), morula between 20.4% (co-culture + 
Activin A) and 22.6 % (co-culture), and blastocyst 
embryos between 11.9% (co-culture) and 14.1% 
(Activin   A)   (Table 2).   There   was    no   significant 
difference  in  embryonic development as well as antral  

 
 

 

 

Table 2. Effect of Activin A and fibroblast co-culture on in vitro maturation and embryonic development of oocytes derived from 
preantral follicles 
 

Groups                  
 No. (%) of follicles  % of oocytes developed embryos 

Cultured 
follicles 

Survival 
rates* 

Antral  
rates 

Ovulation 
rates 

 
2-cell morula blastocyst 

Control 113 91 (80.5)a 78 (85.7) 73 (80.2)  30 (41.1) 15 (21.7) 9 (12.4)     
Activin  115 98 (85.2)b 87 (88.8) 85 (83.2)  38 (44.7) 19 (22.3) 12 (14.1) 
Co-culture 113 100 (88.5)bc 87 (87.0) 84 (84.3)  38 (45.2) 19 (22.6) 10 (11.9) 
Co-culture + Activin  115 103 (89.5)c 91 (88.3)      88 (82.2)       37 (42.0)    18 (20.4)      12 (13.7)

 

   According to Duncan's multiple range test, different and similar letters indicate significant (P<0.05) and non-significant differences, 
respectively 
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               Table 3.  Production of estradiol (pg/ml) in pooled media during culture period of preantral follicles 
 

                     Days 
Groups                           

4 6 8 10 12 

Control 31.6 ± 4.7a 226 ± 8.4a 868 ± 34.4a 1642 ± 53.3a 3449 ± 121.9a 
Activin  38.6 ± 3.4ab 246 ± 15.3a 908 ± 26.7 ab 1681 ± 67.2a 3378 ± 193.4a 
Co-culture 47 ± 5.2b 243 ± 8.5a 934 ± 23.3b 1882 ± 73.9b 3708 ± 134.7b 
Co-culture + Activin  41.7 ± 4.6b 262.6 ±17.1b 1133 ± 46.5c 2078 ± 83.3c 3873 ± 88.8b

 

According to Duncan's multiple range test, different and similar letters indicate significant (P<0.05) and non-significant 
differences, respectively. Data are expressed as mean ± standard deviation (SD). 

 

 
rates and ovulation rate among all groups. 

There was no significant difference in estradiol 
production between Activin A and control groups. 
However, concentration of estradiol in co-culture and 
co-culture + Activin A groups were significantly 
higher than control group (P<0.05) on days 4, 6, 8, 10, 
and 12 (Table 3). All experimental groups produced 
significantly (P<0.05) more progesterone than control 
group during days of culture (Table 4). Besides, there 
were also significant differences (P<0.05) among 
experimental groups only on day 8, in which 13.4 
ng/ml was produced as maximum in co-culture group, 
11.1 ng/ml in co-culture + Activin A, and 4.7 ng/ml in 
Activin A group.  

 
 

DISCUSSION 
 

 It may imply a synergistic role for Activin A and 
fibroblast co-culture in follicular growth rate. In co-
culture + Activin A group, significant growth rate was 
observed from middle to the end of culture period due 
to a pronounced granulosa cell proliferation leading to 
large preantral follicles followed by antrum formation. 
Different studies have shown that Activin A increases 
follicle diameter in domestic cat [16], cow [8], and 
mice [17]. Recently, Xia and Schneyer [18] have 
shown a mode of Activin action, in which Activin only 
in accompany with FSH can promote G1/S transition 
and cell proliferation of primary granulosa cells in rats. 
Interestingly, maximum survival rates were observed 
in co-culture + Activin A group, which may enhance 
the synergistic role of Activin A and fibroblast co-
culture in follicular development. It has been 
demonstrated that Activin A promotes follicular 

survival rate via increasing expression of connexin 
proteins, such as Cx43, Cx37, and Cx32 in oocyte and 
granulosa cells [8]. On the other hand, different 
cytokines such as steel factor, leukemia inhibitory 
factor, and basic fibroblast growth factor secreted from 
fibroblast cells in co-culture system [15] may also 
enhance survival rate directly or via synergistic effect 
of Activin A. 

The results of this study showed no significant 
difference in antral and ovulation rates. It has long 
been accepted that presence of FSH receptors despite 
absence of FSH is enough for activation of follicle 
growth [8]. These findings suggest that fibroblast co-
culture and Activin could not probably increase FSH 
receptors on the surface of granulosa cells. Rodgers 
and Irving-Rodgers [18] declared that follicular antrum 
can be formed by cell death in preantral follicles as the 
dead granulosa cells are observed in normal healthy 
follicles as well as cavity formation in normal 
blastocyst [19]. However, some studies have shown 
that Activin can promote antrum formation in bovine 
and mice preantral follicles [8, 10]. 

No significant difference was observed in embryonic 
development among all groups, indicating that Activin 
A has no remarkable effect on embryonic development 
of oocytes from in vitro matured preantral follicles. 
These results are consistent with the findings of some 
researchers in which Activin A had no beneficial effect 
on the cytoplasmic maturation [20] and early 
embryonic development of bovine and mice oocytes 
[21]. Fibroblast co-culture system used in this study 
also did not affect embryonic development. A recent 
study has demonstrated that cumulus co-culture can not 
affect embryonic development of oocytes of in vitro 
matured  follicles [12].  Since  oocytes   have   to  reach  

 
 

                        Table 4.  Production of progesterone (ng/ml) in pooled media during culture period of preantral follicles 
 

                 Days 
Groups                        

6 8 10 12 

Control ---a ---a 12.7 ± 0.8a 16.7 ± 2.2a 
Activin  ---a 4.7 ± 0.9b 16.4 ± 1.7b 22.6 ± 2.5b 
Co-culture 7.2 ± 0.3b 13.4 ± 0.6d 15.0 ± 1.1b 22.0 ± 2.3b 
Co-culture + Activin  6.4 ± 0.8b 11.1 ± 1.5c 17.4 ±1.4b 24.2 ± 2.8b 

 

                                                                     According to Duncan's multiple range test, different and similar letters indicate significant (P<0.05) and  
                       non-significant differences, respectively. Data are expressed as mean ± standard deviation (SD). 
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their competence to undergo both nuclear and 
cytoplasmic maturation to support further development 
[22], it could be argued that despite its positive effect 
on nuclear maturation, co-culture system could not 
induce cytoplasmic maturation in oocytes, probably 
due to decreased potential of co-culture system during 
12 days of culture. 

Results of the present study revealed that Activin A 
has no significant effect on estradiol production. 
Controversial roles have been attributed to Activin A 
in estradiol production: (i) affecting granulosa cell in 
culture positively [23], (ii) increasing estradiol 
production only in early stages of follicle culture but 
not during the late stages [7, 8], and (iii) inhibiting 
estradiol production irrespective of maturity of antral 
follicles, which serves as a negative modulator of 
steroidogenesis [24]. These controversial roles seem to 
suggest that Activin A function may be changed 
according to the use of different compounds in culture 
conditions and their subsequent interaction with 
Activin A. However, follicles of the co-culture and the 
co-culture + Activin A groups significantly produced 
more estradiol, which implies promoting effect of co-
culture but not Activin A on estradiol production. This 
result confirms findings of Wu et al. [25] that porcine 
follicles co-cultured with cumulus cells increase 
estradiol production.     

Progesterone production remained below the 
sensitivity range in radioimmunoassay technique up to 
days 10, 8 and 6 for control, Activin A, and other 
groups, respectively. This finding has been reflected in 
Table 4, which shows significant differences between 
experimental groups and the control group. It was 
interesting that Activin A and fibroblast co-culture 
induced progesterone production 2 and 4 days earlier 
than control group respectively, which may indicate 
that fibroblast co-culture could enhance progesterone 
production more than Activin A. Despite a previous 
observation that progesterone production is not 
affected by Activin A [26], our result is in agreement 
with the findings of Mukasa et al. [26] in which 
Activin A has positive effect on aromatase activity of 
granulosa cells, thereby affect follicular steroid-
genesis. 

Finally, the results of the present study demonstrated 
that although Activin A and fibroblast co-culture did 
not have a remarkable effect on embryonic 
development, fibroblast co-culture was more efficient 
than Activin A in the growth and survival rate of 
follicles in vitro. Besides, using both of them 
simultaneously is more effective than alone, indicating 
a synergistic role for fibroblast co-culture and Activin 
A. However, a comprehensive evaluation of co-culture 
system effect on in vitro maturation of preantral 
follicles needs to be assessed by more detailed 
molecular and biochemical investigations. 
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