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Abstract
Background: In vitro maturation (IVM) of oocytes reduces the costs and averts the
side-effects of gonadotropin stimulation for in vitro fertilization (IVF). Reliable IVM is
an intellectual, scientific and clinical challenge with a number of potential applications.
Objective: The effect of hCG was evaluated on the timing and regulation of in vitro
ovulation for the Syrian mice oocytes in the presence and absence of FSH.
Materials and Methods: Preantral follicles, isolated from the ovaries of 6 weeks-old
mice, were cultured in TCM-199 medium. The effect of 10-200 mIU/ml FSH and 1.5
IU/ml hCG was seen on the follicle maturation, as well as the changes in ovulation
capacity of enclosed oocytes, after the incubation period of 6 days at 37 °C, 92%
humidity and 5% CO2 in air.
Results: 100 mIU/ml FSH showed increased follicle diameter, survival, germinal
vesicle breakdown (GVBD) and oocyte maturation rates (p<0.0001). Significantly
higher number of follicles showed cumulus attachment when ovulation started within
16-24 hours post hCG (97% and 80% respectively; p<0.0001) as compared to the
cultures without hCG or when the ovulation time increased from 24 hours post hCG.
Combination of FSH and hCG showed 97% (p<0.0001) ovulation as compared to that
seen for FSH-containing medium only (81%) or control (10%).
Conclusion: The combined administration of 1.5 IU/ml hCG and 100 mIU/ml FSH
induces the in vitro follicle maturation, ovulation capacity and proper timing of mice
oocytes.
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Introduction
There was an increasing interest in in
vitro maturation (IVM) as well as natural-cycle in
in vitro fertilization (IVF) and minimal stimulation
regimes in the past few years (1).
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Although numerous studies on IVM of
immature oocytes have been performed, the
efficiency of current IVM techniques is still
suboptimal in terms of the number of mature
oocytes
obtained,
embryo
developmental
competence and implantation rates. Therefore,
several attempts have been made to improve the
viability of IVM oocytes by gonadotrophin
stimulation (2). Chian et al (2000) reported good
pregnancy rates by hCG priming (10,000 IU)
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before immature oocyte retrieval from women with
polycystic ovary syndrome (PCOS) and this has
been confirmed by some other groups (3,4). There
are several studies evaluating the advantages of
using hCG priming in IVM practices (1, 4).
Research in this area of human biology is difficult
to carry out but in vitro maturation of immature
oocytes has been achieved in small mammals,
using a number of methods. Reliable results have
only been obtained using oocytes, derived from
mouse, in their final stages of growth (5, 6).
Follicle stimulating hormone (FSH) exists as a
family of isohormones, which is composed of
and ß-subunit with two possible N-linked
glycosylation sites located on each of the two
subunits. Pituitary FSH supports in vitro follicular
growth (5). FSHß deficient female mice are
infertile (7).
Furthermore, the presence of FSH induces the
inhibition of apoptosis by granulosa cells in vivo
and in vitro (8). Oocytes of several animal species
undergo spontaneous maturation when they are
removed from their follicles (9). hCG is given
before oocyte retrieval in IVM, which appears to
be useful (10).
In these cases, FSH may help in the timing of
oocyte retrieval (11).The signal for maturation is
mediated through the receptors for FSH and human
chorionic gonadotrophin (hCG), which are situated
on the granulosa cells surrounding the oocyte. The
binding of different gonadotrophins to the receptor
induces an intracellular rise in cyclic AMP levels
(12). The present study was designed to evaluate
the effect of hCG, in the presence or absence of
FSH, on follicle maturation, ovulation capacity and
its proper timing in Syrian mice oocytes.

Materials and methods
Chemicals and hormones
Tissue Culture Medium 199 (TCM199) was
used as a culture medium for the in vitro growth
and maturation of Syrian mice preantral follicles.
FSH (HP Metrodin; Serono, Welwyn Garden City,
UK) was prepared in un-supplemented culture
medium and stored in 100ml aliquots at -20oC until
used to produce final concentrations of 10-200
mIU/ml. Hundred IU hCG (Pregnyl; Organon, Oss,
The Netherlands) was dissolved in 4 ml culture
medium and the stock was stored at 4oC for up to
one week until used for adding to the cultured
follicles to a final concentration of 1.5 IU/ml. All
other chemicals were of analytical grade or the
highest quality commercially available.
200

Animal model and ovary collection
Female Syrian mice were housed and bred in
Central Animal House of the Animal
Biotechnology Laboratory, Research and Clinical
Center for Infertility, Shahid Sadoughi University
of Medical Sciences, Yazd, Iran. Animals were
kept under controlled conditions, fed with water
and food pellets ad libitum. In order to maintain
stable biological rhythms, 12 hours of artificial
light and 12 hours of darkness were provided. Sixweeks-old mice were used for the isolation of
follicle-enclosed oocytes.
The mice were killed by cervical dislocation as
described by Conti (2002) and Mahmoudi et al.
(2005) (13, 14). The ovaries were removed
aseptically and placed in Falcon plastic petri dishes
filled at room temperature with the basal medium,
which was TCM199 (HEPES buffered, GIBCO
BRL, Tokyo, Japan), supplemented with sodium
pyruvate (2 mM), glutamine (2 mM), penicillin G
(75 μg/ml) and streptomycin (50 μg/ml) and
overlaid with 75 µl light mineral oil (Sigma) at 2530 oC (9). Follicles were cultured in an incubator at
37 °C, 92 % humidity and 5% CO2 in air.
Pilot study of FSH and hCG effect
Firstly, the preantral follicles were grown in the
presence of 10, 25, 50, 75, 100, 150 and 200
mIU/ml FSH, in TCM199 under the above
described conditions, for 6 days. Then, to check
the effect of hCG on the ovulation and normal
recovery of oocytes, 1.5 IU/ml of the
gonadotrophin was added to the preantral follicles
on day 8, which was counted as Day zero.
Ovulation rate was also seen with and without the
addition of 100 mIU/ml FSH, hCG and the
combination of both in the separate experiments.
The control group was cultured with the same
conditions as for the experimental groups except
for the addition of FSH, hCG or the combination of
both of them. Follicles were cultured in the
presence of 100 mIU/ml FSH and 1.5 IU/ml hCG
along with other parameters (15, 16). Oocytes were
examined after 8, 16, 24, 32, 40, 48 and 56 hours
and percentage of normally ovulating oocytes was
evaluated without disrupting the follicles.
Measurements were the average of 6 identical
experiments. The measurements were made using
an inverted microscope after stripping off any
cumulus cells but including the zona pellucida.
Statistical analysis
Every experiment contained 30 follicles with
the initial diameter of 95 ± 5 µm. Follicle survival
was determined and considered positive as long as
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the oocyte remained surrounded by the granulosa
cells, attached to the culture dish during in vitro
culture.
Premature release of oocytes, follicle
degeneration and loss of growth was also
determined during the experiment. All of the
experiments were done via an inverted microscope
with the Hoffmann contrast modulation system
(IMT-2, Olympus Corp., Tokyo, Japan) (17, 18).
Maximum and minimum lengths (diameter) of
each follicle were also measured with inverted
microscope equipped with a micrometer. The mean
diameter of the follicle was calculated by
averaging these two measurements. The influence
of FSH, on the extent of oocyte maturation,
germinal vesicle breakdown, increase in follicle
diameter and survival rates, was compared with
one way ANOVA. p<0.05 was considered to be
statistically significant.

A small number of follicles, ovulated later than
24 hours post hCG, had cumulus cells attached to
their oocytes. However, 97% of the follicles that
ovulated within 16 hours post hCG stimulus had
attached mucified cumulus cells. A significantly
higher number of follicles had mucified the
cumulus cells, attached to the oocytes when
ovulation started within 16-24 hours post hCG
(97% and 80% respectively; p<0.0001), as shown
in figure 1.
Successful ovulation failed to occur when the
follicles were allowed to ovulate without hCG
administration or more than 24 hours post hCG
administration. Ovulation of 32 hours post hCG
yielded approximately a half number (42%) of the
oocytes attached to cumulus cells as compared to
that carried out after 16-24 hours post hCG
addition (p<0.0001).

Results
Morphological changes in preantral follicles of
immature mice were studied during a culture
period of 6 days in the presence of 10, 25, 50, 75,
100, 150 and 200 mIU/ml FSH (Table I). FSH
concentrations of 10, 25, 50, 75, 150 and 200
mIU/ml did not show significant changes in
follicle diameter, survival, GVBD and oocyte
maturation rates as compared to control. On the
contrary, 100 mIU/ml FSH showed a significant
increase in follicular diameter (190 µm), survival
rate (91%), GVBD (81%) and oocyte maturation
(59%) rates as compared to control (p<0.0001).
Table I. Effect of different concentrations of FSH on
the in vitro growth of preantral follicles and enclosed
oocytes during 6-days culture.
FSH
concentrations
(mIU/ml)

Follicle
diameter
(µm)

Survival
rate (%)

GVBD
(%)

Oocyte
maturation
(%)

0

112

28

9

2

10

121

35

21

14

25

134

41

46

27

50

150

52

61

39

75

167

67

76

52

100

190*

91*

81*

59*

150

181

70

62

53

200

171

60

45

37

Values are Mean ± SEM
*Significant increase (p < 0.0001)

Figure 1. Percentage of ovulated oocytes having
attached cumulus cells at 8, 16, 24, 32, 40, 48 and 56
hours post hCG addition on day 8. Preantral follicles (n
= 30) were cultured with 1.5 IU hCG for 8-56 hours.
Oocyte release was noted after every 8 hours.

In this culture system, when appropriate
conditions were applied, ovulation occurred with a
high level of success. The cultured follicles initially
became attached to the culture dish via theca cells,
with granulosa cell proliferation causing rupture of
the basement membrane and subsequent migration
over the theca cells and a phenomenon analogous
to ovulation occurred in response to hCG.
Increased number of granulosa cells could be seen
when ovulation was carried out for 16-24 hours.
Large sized follicle and a healthy oocyte with a
central visible germinal vesicle can be seen in
figure 2. After this period, theca cells started
attaching to the dish and the follicle size had
started diminishing (~ 149 µm).
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Figure 2. Inverted microscopy of preantral follicles,
cultured to ovulate in the presence of 1.5 IU hCG. (A)
Day 0, follicle diameter: 191 µm. Oocyte has a centrally
located germinal vesicle with intact zona pellucida
while basement membrane is intact. (B) follicle
diameter had started decreasing up to 149 µm. Oocyte is
present with approximately three layers of granulosa
cells but germinal veslcie has started moving to the side
of the follicle for meiosis II. The basement membrane is
intact with theca cells attached to it. Theca cells have
attached to the bottom of the dish but the basement
membrane is still intact. (C) 16-24 hours post hCG,
follicles have a diameter of 134 µm. The basement
membrane disappeared and thick granulosa cell mass is
covering the oocyte, which is not visible in this view.
Thecal cells have completely attached to the bottom of
the plate. Original magnifications of all the views: ×40.
Scale bars: (A) = 60 µm, (B) = 40 µm and (C) = 30 µm.

The effect of FSH-addition was seen on the
ovulation of follicle-enclosed oocytes. As seen in
figure 3, 100 mIU/ml FSH had a significant impact
on the ovulation process when hCG was also
administered. Table II shows the in vitro
development of the follicles up to the optimum
time of hCG addition. Only 25% of the cultured
follicles could release their oocyte normally with a
thick layer of granulosa cells while, a majority of
the follicles (36%) prematurely released their
oocyte between day 4 and day 9 in the cultures
without FSH. Other follicles appeared degenerate
(9%), did not grow (29%) or follicular cells were
sparsely attached to the bottom of the dish (4%).
Some follicles initially appeared healthy but
then degenerated (6%). While in the medium
containing FSH and 1.5 IU hCG, the ovulation
percentage reached a maximum of 97% as
compared to that seen for FSH-containing medium
only (81%) or in control experiment (10%).
Therefore, the effect of FSH + hCG was highly
significant over the control medium (p<0.0001).
Table II. In vitro development of follicles to the day 6
(day of hCG addition) in the presence of 100 mIU/ml of
FSH.
Hours post hCG addition with (100 mIU/ml FSH)
8

16

24

32

40

48

56

No
FSH

Survival to
HCG (%)

71

97

80

42

10

02

0

25

Premature
release of
oocytes (%)

15

03

10

-

-

-

-

36

degeneration
(%)

13

02

07

29

46

67

72

09

Loss of
growth (%)

-

-

-

-

-

-

1

29

Initially
healthy but
degenerated

-

-

-

-

-

-

-

06

Follicle

Discussion

Figure 3. Combined and comparative effects of FSH
and hCG on the GVBD after 16 hours of HCG
administration. The experiment was run in three parts:
follicular growth 1) in the presence of medium only
(control), 2) in the presence of 1.5 IU/ml hCG only and
3) 1.5 IU/ml hCG + 100 mIU/ml FSH. Number of
follicles in each group = 30.
202

FSH is essential for the steroidogenesis by
stimulating aromatase enzyme activity (P450
aromatase). FSH receptors appear on granulosa
cells of preantral follicles and the follicles become
gonadotropin dependent (19). Therefore, FSH is
usually added to the in vitro culture medium of
preantral follicules in mice and large mammals
(20). Several studies have shown that FSH has
potential of affecting the ovarian functions
especially follicular development (21). In this
study, we have shown that mouse isolated preantral
follicles could undergo in vitro maturation;
followed by successful ovulation. Gonadotropins
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are necessary for follicular cell proliferation and
ovulation (22). Demeestre et al. demonstrated that
isolated mouse preantral follicles cultured in a
medium with FSH were able to support follicular
growth and maturation (23). Our results showed
that during in vitro maturation of isolated follicles,
the diameter and the percentages of follicle
survival, oocyte maturation and GVBD rates
showed remarkable increase when 100 mIU/ml
FSH was added. This may be due to some
mechanisms including direct and indirect effects of
FSH on the granulosa cells and oocyte (17, 21).
During the present experiments, we have
characterized the response of mouse follicles
during in vitro culture to different conditions in
terms of their survival, ovulation efficiency and
exact ovulation timing. Growth of Syrian mice preovulatory follicles, from a preantral population
with the diameter averaging ~95 ± 5 µm, took ~ 7
days to normally ovulate, as compared with ~12-14
days at 37 °C, 92% humidity and 5% CO2 in
air. It seems that in vitro development may be
accelerated as compared with the in vivo one,
where small preantral follicles take ~16 days to
become pre-ovulatory. Our optimal dose of FSH
(100 mIU/ml) conforms to the results of Marilyn
et al, which measured growth in cultured follicles
over a 6 day period (24). While it is already known
that the absence of FSH is incompatible with
normal in vitro follicular growth (24), however, the
excessive exposure to gonadotrophins (FSH and
hCG) would result in receptor down-regulation,
potentially leading to a suboptimal follicular
response (25).
The significance of late ovulation is not known.
Since in vivo ovulation occurs promptly (1), we
thought that ovulation within 16 hours indicated
good hCG responsiveness, and anything later to be
potentially indicative of suboptimal follicular
development. The proportion of follicles showing
this delayed response varies with the culture
conditions, as is evident from the above
experiments, in which the timings and proper
requirements of the cultured follicles, for
ovulation, are indicated. Many late-ovulated
oocytes had reduced or no cumulus surrounding,
which indicates the loss of follicle/oocyte
communication. Late ovulation is potentially
associated with suboptimal growth or post-maturity
of the oocyte or the follicle. Our data has shown
that the oocyte cultures with ovulation period
beyond or more than 16 hours post hCG, or devoid
of sufficient concentration of FSH, showed a
significantly lower survival rate, suggesting that
ovulation timing and supplementation of the

medium is an effective indicator of follicle
viability and survival during in vitro culture. The
response to hCG requires the presence of receptors
on granulosa cells, which are known to be
stimulated by the action of FSH, indicating the
importance of appropriate priming. Weon-Young
et al, (2008) has demonstrated that in programmed
IVM cycles an extension of the interval between
hCG administration and oocyte collection from 35
to 38 h results in a higher number of in vivo and in
vitro matured oocytes (1). Furthermore, the
presence of gonadotropins (FSH and hCG) induces
the expression of inhibitor of apoptosis proteins
(IAP) by GCs in vivo and in vitro (9). These
intraovarian regulators mediate the effect of
gonadotropins in regulating cellular interactions by
autocrine and paracrine mechanisms (26).

Conclusion
We have demonstrated the ability of preantral
follicles to grow, form antra and ovulate in vitro.
The present study has revealed that the proper dose
and administration timing of hCG has a
considerable impact on the ovulation capacity of
mice oocytes during the in vitro conditions. On the
other hand, a combined administration of hCG and
FSH increases the follicle survival and oocyte
maturation as well as accelerating the follicles to
grow and ovulate in vitro. The efficiency of these
key markers for follicle function may be affected
by gonadotrophic support and the culture
conditions to which it is exposed.
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