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Exposing cultured mouse ovarian follicles under increased
gonadotropin tonus to aromatizable androgens influences
the steroid balance and reduces oocyte meiotic capacity
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Abstract Acquisition of oocyte developmental compe-

tence relies on the well-controlled events accompanying

antral follicular development. Elevated basal androgen

levels, as in PCOS, potentially affect oocyte quality. Cur-

rent experiments in an in vitro follicle bioassay studied

dose-effects of androstenedione and testosterone on FSH

and hCG stimulated antral follicle growth and meiotic

maturation. The addition of either androgens altered folli-

cle’s endogenous production of androstenedione, testos-

terone, estradiol, and progesterone and affected the

oocyte’s capacity to resume meiosis. Exposure to 200 nM

androstenedione induced an increased production of tes-

tosterone and estradiol. Exposure to a concentration of

C200 nM testosterone induced elevated levels of estradiol

and progesterone. Significant dose-dependent negative

effects on polar body extrusion were seen at concentrations

of C200 nM of either androgen. In addition, chromosome

displacement on the metaphase plate was observed in

oocytes obtained from androstenedione-treated follicles.

Follicles exposed to a combination of 25 mIU/ml FSH and

3 mIU/ml hCG and elevated aromatizable androgens

altered the steroid production profile, affected the follicular

development and impaired oocyte meiotic competence.
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Introduction

Androgens play a dual developmentally dependent role in

follicular development and oocyte maturation [1, 2]. Hy-

perandrogenism is commonly perceived to be negative as it

is associated with the syndrome of polycystic ovaries

(PCO), anovulation, and early pregnancy loss [3]. Studies

in primate and murine follicular function made it clear,

however, that at certain well-defined stages of follicular

growth, androgens are essential for the development of the

ovarian follicle [4–7]. More specifically, during antral

follicular stages, an increase of androgens can have

opposite effects on follicle fate depending on whether or

not they are converted to estrogens by aromatase. Estro-

gens produced from androgens within antral follicles pro-

mote follicular growth, while androgen effects mediated

by the androgen receptor (AR) result in follicular demise

[8–13].

Good oocyte/embryo quality after assisted reproductive

technologies (ART) in human was found to be related to a

less androgenic environment (testosterone values, in fol-

licular fluid, lower than 10 lg/l at ovum pick up) [14, 15],

moreover estrogenized follicles are required for producing

healthy oocytes [16]. This decreased androgen tonus is the

result of physiological changes in the follicle: an increased

aromatase activity, inducing increased SHBG levels and

resulting in decreased free testosterone levels. In addition,

the normal testosterone metabolization by 5a-reductase to

the more potent form, dihydrotestosterone (DHT) is

decreased possibly as a result of the increased intrafollic-

ular levels of progesterone, estrone, and estradiol [17].

Patients undergoing conventional IVF are usually

exposed to elevated levels of gonadotropins, which stim-

ulate the development of FSH dependent small ovarian

antral follicles. Depending on the patient’s endocrine
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background, these hyperstimulation protocols can be

accompanied by elevated androgens, which have been

suggested to exert negative effects on follicle, oocyte and

early conception [18]. Data from IVF clinics also suggest

that a hyperandrogenic follicular environment, as in

patients with PCO, can lead to a decreased oocyte and

embryo quality [19, 20]. In addition to the fact that PCO

patients are difficult to stimulate for ART and that the

procedure is not without danger for OHSS, some reports

also suggest a higher frequency of oocyte maturation

problems, which may compromise the long-term viability

of the conceptus [21, 22].

In order to unravel the follicle stage-dependent role of

androgens in the process of folliculogenesis, many studies

have already been conducted, mainly in rodent and other

mammal models. FSH combined with non-aromatizable

androgens, DHT, androsterone, and 3a-Diol (DHT deriv-

ative) were, for instance, demonstrated to stimulate DNA

synthesis of rat granulosa cells in culture [23]. Hickey et al.

[24] later showed that combinations of FSH, DHT, and

IGF-1 increased cumulus cell proliferation in small porcine

antral follicles. Actions of steroids on oocyte meiotic

resumption had also been demonstrated, i.e., testosterone

had been proven to induce oocyte meiotic reinitiation in

murine [25, 26] and porcine [27], via a non-genomic

pathway.

Androgen receptor knock-out mice (AR-/-) demon-

strate that androgens are important for antral growth during

follicular development [12, 28]. Other studies have shown

that the AR is down-regulated in mural granulosa from the

pre-ovulatory follicles, allowing most of the androgens to

be consumed by P450 aromatase, thereby shifting the

balance toward growth instead of atresia [10, 11].

Experimental PCO animal models (rat, mouse, and

monkey) have attempted to reproduce specific or systemic

signs of the PCO syndrome (PCOS); yet, an appropriate

model comprising the combined features of PCOS in

human is still missing (for a review, see Singh [29]).

Even though it has been previously suggested that ele-

vated androgen levels within a follicle is rather a sign of

follicular atresia [16], the effects of elevated androgens

upon healthy growing follicles have not been previously

studied. Using a well characterized in vitro mouse folli-

culogenesis model [30], the aim was to culture a syn-

chronously developing cohort of follicles and expose them

(during their entire antral growth stage) to a sustained

increased gonadotropin tonus, as is the case during the

hyperstimulation protocol for human IVF, while addition-

ally exposing them to a dose range of aromatizable

androgens (androstenedione or testosterone). The concen-

tration of the major secreted steroids was monitored

throughout in vitro folliculogenesis and their relation to the

outcome of meiotic maturation was studied.

Results

Morphological analysis of cultured follicles

Control versus ‘‘Plus’’ condition

Antral follicles cultured under elevated gonadotropin

(‘‘Plus Medium’’ condition) developed normally and had

the same survival rate as control; nevertheless, there was a

remarkable morphological difference: a more diffuse

antral-like cavity (Fig. 1a, b).

In vitro hyperandrogenism

In vitro hyperandrogenism was induced (concurrently with

the elevated gonadotropins treatment) either by adminis-

tering 20 or 200 nM of androstenedione, or 20 nM,

200 nM, or 2 lM testosterone to ‘‘Plus’’ medium-treated

follicles. The androgen-supplemented conditions did not

affect the survival of the follicles compared to controls.

Follicles grown under different androgen regimens did

not show major morphological changes in comparison to

follicles grown in ‘‘Plus’’ condition. Only follicles grown

under the highest testosterone concentration (2 lM)

showed an atypical antral-like cavity, abundantly filled

with granulosa cells with no clearly distinguishable

cumulus cells (Fig. 1d).

Oocyte nuclear maturation assessment

Androstenedione-treated oocytes

Nuclear maturation of oocytes grown in control condition

(Basal medium) was as follows: 90% of oocytes reinitiated

meiosis (GVBD ? PB) and 83% extruded the first polar

body (PB). After ‘‘Plus’’ treatment, 93% of the oocytes

reinitiated meiosis and 63% extruded the first PB (not

significantly different than the control condition). Mean-

while, oocytes from follicles treated with ‘‘Plus’’ and

‘‘Vehicle’’ did not show a significant difference when

compared to ‘‘Plus’’ alone (P \ 0.05). In total, at least 50

follicles per treatment condition were included in the

analysis.

Oocytes from follicles treated with 20 or 200 nM

androstenedione showed a dose-dependent decrease in the

rate of first PB extrusion, respectively, 51 and 32%, with

the latter significantly different from ‘‘Plus’’ and/or the

vehicle-treated group (Fig. 2a; P \ 0.05).

Testosterone-treated oocytes

In a next set of experiments (n = at least 50 follicles), all

oocytes grown under ‘‘Plus’’ treatment reinitiated meiosis
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Fig. 1 Representative follicles

on D12 of in vitro development.

a Follicle from control group.

b Follicle from the group

exposed to elevated levels of

gonadotropins. c Follicle from

the group treated with elevated

gonadotropins, supplemented by

200 nM androstenedione.

d Follicle from the group treated

with 2 lM testosterone. Scale
bar 200 lm

Fig. 2 Nuclear maturation stages 18 h after stimulation with hCG/

EGF in androstenedione (a) and testosterone (b) treated groups; bars
left of the dotted line are proportion of GVBD; bars right of the dotted
line are proportion of PB. Vehicle control contains 0.1% DMSO.

Different letters state statistically significant differences (P \ 0.05).

At least 50 follicles per treatment were included in the analysis.

(c) Representative images of oocytes cultured in 500 nM androstene-

dione, obtained by CLSM: (i) normal metaphase I oocyte; (ii)
metaphase I oocyte depicting chromosomal misalignment; (iii)
metaphase II oocyte depicting chromosomal misalignment (To note

the numerous microtubule asters in the cytoplasm)
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and 78% extruded the first PB. No significant difference

between this group and either the control condition (Basal

medium) or the vehicle-treated group was observed.

Depending on the concentration, oocytes from follicles

treated with 20 nM, 200 nM, or 2 lM testosterone showed

a steady dose-dependent decrease in PB extrusion, respec-

tively, 66, 48, and 40%. The 200 nM and 2 lM groups

showed a significant difference when compared to the

vehicle-treated follicles (Fig. 2b; P \ 0.05).

Chromosomal analysis in oocytes

Because of the decreased rate of PB extrusion in oocytes

exposed to high androgen levels, some GVBD (metaphase

I) arrested and metaphase II oocytes were analyzed by

confocal laser scanning microscopy (CLSM). Ten out of 15

analyzed GVBD oocytes showed chromosomal misalign-

ment. Moreover, four out of 12 metaphase II oocytes also

showed chromosomal misalignment. Examples of chro-

mosomal misalignment can be observed in Fig. 2c.

Assessment of steroid production of cultured follicles

Overall, follicles grown under the high gonadotropin con-

dition (‘‘Plus’’ or ‘‘Vehicle’’), and especially those sup-

plemented by increased androgens (‘‘Plus ? Androgens’’)

secreted more steroids than untreated follicles. Conditioned

media were pooled per plate (n = 8–10 follicles) and

analyzed for 6–9 plates from each treatment. For the sake

of clarity, steroidal profile for follicles grown under the

Basal and Plus condition are excluded from the graphs.

Addition of androgens androstenedione and testosterone

to the culture medium positively correlated with levels of

measured testosterone and estradiol on Day 12 of culture

(Table 1).

Androstenedione-treated follicles

Absolute steroid concentration in conditioned media Val-

ues of steroids from follicles treated with 20 nM andro-

stenedione showed no significant differences when

compared to ‘‘Vehicle’’ treated follicles at any of the time-

points analyzed. Although the follicles treated with 200 nM

androstenedione showed increased levels for the three

monitored steroids (testosterone, estradiol, and progester-

one), the testosterone concentrations from the androstene-

dione treatment were significantly higher than in ‘‘Vehicle’’

condition on D9, D12, and D13. Similarly, the estradiol

absolute values in the 200 nM androstenedione condition

became significantly different from the ‘‘Vehicle’’ condition

on D9, D12, and D13 (Fig. 3a).

Relative steroid production The second way of assessing

the production of steroids was to calculate the relative

difference in concentration between consecutive time

points (on D6, D9, D12, and D13 of culture) (Fig. 3b).

The highest relative increase in steroids production

occurred from D6 to D9. For all steroids, in any condition,

values on D12 did not differ considerably from those on

D9; the relative production of steroids at this specific point

therefore remained lower than five times (increase) and

close to the one-time value.

At 18 h after the ovulatory stimulus, a general obser-

vation for all treatments was that progesterone concentra-

tion had increased by a factor of 100. This increase was

accompanied by a steep decrease in estradiol (Fig. 3b).

Testosterone-treated follicles

Absolute steroid concentration in conditioned media Values

of steroids from follicles treated with 20 nM testosterone

showed no significant differences when compared to

‘‘Vehicle’’ treated follicles at any of the time-points ana-

lyzed. In follicles treated with 200 nM or 2 lM testosterone,

estradiol, and progesterone values tend to increase in a dose-

dependent fashion estradiol absolute values were signifi-

cantly higher than in ‘‘Vehicle’’ condition after treatment

with 200 nM and 2 lM testosterone on D12 and after 2 lM

on D13. Furthermore, by D12, follicles treated with 2 lM

testosterone produced progesterone to a concentration sig-

nificantly higher than in ‘‘Vehicle’’ condition (Fig. 4a).

Treatment with 2 lM testosterone induced high levels

of androstenedione at every time-point. To note, these

values were even higher than those obtained after addition

of the highest androstenedione concentration.

Relative steroid production Spent media were analyzed

for presence of steroids on D6, D9, D12, and D13 of cul-

ture and a comparison was made between two consecutive

time-points (Fig. 4b).

Overall and in accordance with the results of the pre-

vious experiment, the highest increase in steroids produc-

tion occurred from D6 to D9, with minimal increase from

D9 to D12. Androstenedione values significantly increased

Table 1 Correlation coefficient between the different measured ste-

roids in an in vitro fully grown follicles (after 12 days of culture),

regardless of the treatment (Spearman correlation analysis)

Spearman r Testosterone Estradiol

Adding androstenedione

Androstenedione 0.6600 (P \ 0.0001) 0.6393 (P \ 0.0001)

Testosterone 0.5652 (P \ 0.0001)

Adding testosterone

Androstenedione 0.8905 (P \ 0.0001) 0.6108 (P \ 0.0001)

Testosterone 0.7464 (P \ 0.0001)
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Fig. 3 Steroidal profile in follicles cultured in 20 or 200 nM of

androstenedione; a Steroids absolute values. Concentrations of

testosterone (T), estradiol (E2), and progesterone (Prog) on Day 6

(D6), Day 9 (D9), Day 12 (D12), and Day 13 (D13) of treatment.

Each dot represents the mean ± SEM of nine plates containing 8–10

follicles each. b Relative production of steroids. Changes (relative

production, calculated as described in ‘‘Materials and methods’’

section) in testosterone (T), estradiol (E2), and progesterone (Prog)

profiles from Day 6 to Day 9 (D6–D9), from Day 9 to Day 12

(D9–D12) and from Day 12 to Day 13 (D12–D13), during treatment

with 20 or 200 nM of androstenedione. Each dot represents the

mean ± SEM of the relative production for nine plates (containing

8–10 follicles each). Statistical analysis was done by one-way

ANOVA (Tukey post-test). Series connected between different

conditions by a line have the sole purpose to visually emphasize

trends. a § Shows statistical significant difference for testosterone

concentration from the Vehicle group, P \ 0.05. * Shows statistical

significant difference for estradiol concentration from the Vehicle

group, P \ 0.001. b § Shows statistical significant difference for

testosterone concentration from the Vehicle group, P \ 0.001.

* Shows statistical significant difference for estradiol concentration

from the Vehicle group, P \ 0.05
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from D6 to D9 at the highest tested concentration of tes-

tosterone. As with androstenedione-treated follicles, it was

observed that steroid values on D12 did not considerably

differ from D9 values for every condition.

After ovulatory stimulus, progesterone concentrations

increased approximately 100 times. As for androstenedione

experiments, estradiol values at this point were also con-

siderably lower than D12 for every condition.

Although progesterone and estradiol kinetics (D12–

D13) were similar for all the treatments, the increase in

progesterone levels from D12 to D13 under treatment with

2 lM testosterone was less pronounced when compared

with the rest of the treatments. Accordingly, follicles

treated with 2 lM testosterone had the lowest decrease in

estradiol production (compared to vehicle-treated follicles,

P \ 0.01) (Fig. 4b).
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Fig. 4 Steroidal profile of

follicles cultured in 20 nM,

200 nM, or 2 lM of

testosterone; a Steroids absolute

values. Concentrations of

androstenedione (A4), estradiol

(E2), and progesterone (Prog)

on Day 6 (D6), Day 9 (D9), Day

12 (D12), and Day 13 (D13) of

treatment. Each dot represents

the mean ± SEM of six plates

containing 8–10 follicles each.

b Relative production of

steroids. Changes (relative

production, calculated as

described in ‘‘Materials and

methods’’ section) in

androstenedione (A4), estradiol

(E2), and progesterone (Prog)

profiles from Day 6 to Day 9

(D6–D9), from Day 9 to Day 12

(D9–D12) and from Day 12 to

Day 13 (D12–D13), during

treatment with 20 nM, 200 nM

or 2 lM of testosterone. Each

dot represents the mean ± SEM

of the relative production for six

plates (containing 8–10 follicles

each). Statistical analysis was

done by one-way ANOVA

(Tukey post-test). Series

connected between different

conditions by a line have the

sole purpose to visually

emphasize trends. a ¥ Shows

statistical significant difference

for androstenedione

concentration from the Vehicle

group, P \ 0.001. * Shows

statistical significant difference

for estradiol concentration from

the Vehicle group, P \ 0.05.

/ Shows statistical significant

difference for progesterone

concentration from the Vehicle

group, P \ 0.05. b ¥ Shows

statistical significant difference

for androstenedione

concentration from the Vehicle

group, P \ 0.01. * Shows

statistical significant difference

for estradiol concentration from

the Vehicle group, P \ 0.05
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In accordance with the androstenedione absolute values,

under treatment with 2 lM testosterone, there was a tre-

mendous increase in androstenedione concentration (from

D6 to D9). Given that 2 lM testosterone seemed to induce

an aberrant (i.e., non-physiological) environment with

increased levels of androstenedione and an altered response

to ovulatory stimulus, it was decided not to include this

condition in the further analysis.

Steroids and meiotic resumption

Although the addition of androgens (either androstenedione

or testosterone) show a dose-dependent detrimental effect

on meiosis, there was, however, no significant correlation

(Spearman correlation analysis) between meiotic resump-

tion (PB rate) and any of the analyzed steroids in condi-

tioned medium, which was consistent in every treatment

(data not shown).

Discussion

Protocols for assisted reproduction techniques (ART) rely on

a sufficiently large number of good quality oocytes by using

exogenous administration of gonadotropin hormones (con-

trolled ovarian stimulation, for a review, see Macklon et al.

[31]). Superovulated patients have an increased pregnancy

rate when androgen levels in serum and follicular fluid are

kept in the lower reference ranges [8, 9]. Latter authors

suggested that elevated androgen levels might interfere with

oocyte/embryo or endometrium quality. Few studies have

been able to demonstrate that borderline increased androgen

concentrations can induce a direct effect on follicle/oocyte

development and maturation rather than being an epiphe-

nomenon of follicle atresia [8, 9, 32, 33]. Hyperandrogenism

is a condition that prevails in part of the anovulatory WHO

type II patient group [34]. Androgen tonus is amplified by

superovulation in PCOS patients, who also have a higher

expression of the AR in granulosa, as initially suggested by

studies in monkeys [35] and later confirmed by Catteau-

Jonard et al. in human [36]. From these in vivo studies, the

question still remains unanswered as to how near physio-

logical intrafollicular androgen concentrations might exert

effects that influence oocyte/embryo quality. Indeed, the

harmful effects of an hyperandrogenic condition during ART

stimulation might be blurred by the occurrence of inappro-

priate LH rises, which unsuspectedly trigger meiotic matu-

ration. Here, we studied the extent to which increasing levels

of two androgens, androstenedione and testosterone, could

affect meiotic resumption and how near physiological

androgen supplementation, under a constant gonadotropic

hyperstimulation tonus, could alter the steroidal balance in

the follicle environment.

The possibility of growing individual follicles, in vitro, in

relatively large amounts, under standardized, near physio-

logical conditions, allows us to show the effects of an

unbalanced endocrine environment on follicle growth and

oocyte maturation. As the primary aim was to mimic ovarian

stimulation conditions in vivo, in vitro-grown follicles at the

early antral stage (Day 6) were exposed to recombinant

gonadotropins at an FSH/LH ratio that mimics a classical

menotropin-induced stimulation protocol [37]. It was deci-

ded to use hCG as LH-bioactive component as this molecule

is generally used to spike for LH bioactivity to the requested

75 IU per ampoule on a menotropin preparation [38].

Our results demonstrate that the increased FSH/LH

tonus (approximately three times the normal basal FSH

concentration) induces follicular growth and that the

granulosa cells seem to proliferate more than those in basal

condition (Fig. 1a, b). Although under increased gonado-

tropin exposure the oocyte was able to resume meiosis after

the ovulatory stimulus (hCG/EGF), both series of experi-

ments mimicking hyperstimulation, reduced PB extrusion

rate though not significantly, even in absence of androgens.

Supplementation by androgens from Day 6 induced mor-

phologically more profuse granulosa cell layer around the

oocyte (Fig. 1c, d). Increased proliferation of granulosa

cells in the presence of FSH, androgens, and oocyte

secreted factors (OSF) has been previously documented by

others in porcine [21, 22, 39].

Elevated levels of androgens androstenedione and tes-

tosterone negatively affected meiotic resumption (P \
0.05) and had a clear influence on the steroidal micro-

environment of the cultured follicles. Oocytes treated either

with androstenedione or testosterone showed a lower

potential to reinitiate meiosis. Eighteen hours after the

ovulatory stimulus, both androgens supplements induced a

supplementary decrease in PB extrusion rates. Statistical

significance compared to either ‘‘Plus’’ or ‘‘Vehicle’’ con-

trol was reached only in the highest concentrations, i.e.,

200 nM of androstenedione and 200 nM and 2 lM of tes-

tosterone. Also, a moderate number of oocytes (17.8, 11.7,

and 27.3%, respectively) remained blocked at the GV stage

(not shown in Fig. 2) and there was an increased proportion

of oocytes arrested during meiosis (GVBD oocytes unable

to extrude the first PB). Analysis of chromosomal alignment

of GVDB arrested oocytes showed that many of them do not

have chromosomes correctly aligned in the equator of the

meiotic spindle (Fig. 2c i, ii); similarly metaphase II

oocytes also showed chromosomes outside the metaphase

plate (Fig. 2c iii). GVBD arrested and metaphase II oocytes

obtained from our follicle culture system barely show

chromosomal misalignment (13 and 14%, respectively) [40]

or spindle abnormalities (2–6%) [41]. These findings sug-

gest that high androgen levels during folliculogenesis may

impair spindle assembly during oocyte meiosis.
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Androgens added to a background of increased FSH/LH

further increase the steroid levels within the follicle. As

expected, both androstenedione and testosterone additions

were metabolized into other steroids (in part testosterone,

estradiol, as seen on the Figs. 3 and 4). The estradiol

increase could be explained by upregulation of the main

enzyme complex cytochrome P450 Aromatase (P450arom)

[42]. Progesterone levels tended to increase dose depen-

dently with androgen concentrations. Progesterone accu-

mulation as a result of treatment with androgens has been

previously shown in follicle [43] and granulosa cell [44]

cultures.

When androstenedione was added to the culture, tes-

tosterone and estradiol levels were moderately, though

significantly, correlated with androstenedione levels, sug-

gesting that androstenedione was driving the increase in

testosterone and estradiol in the medium. Similarly, estra-

diol levels were positively correlated with testosterone

levels (Table 1).

Testosterone additions to the culture medium induced

high levels of estradiol that were positively correlated with

the increase in testosterone. Introducing 2 lM testosterone

in medium (on Day 6) induced an unexpected increase in

androstenedione levels and a drop in estradiol (NS).

Assuming that this atypical/un-physiological environment

could only be found in exceptional pathologies, we found it

less relevant in the context of our study; therefore, the

2 lM testosterone condition was not further included in the

subsequent analyses.

The applied 200 nM testosterone is slightly higher than

the normal physiological concentration (*50–150 nM

testosterone) seen in human [45], ovine [46], and porcine

graafian antral follicles [47]. Similarly 200 nM andro-

stenedione is also higher than the physiological levels [47].

In the current study, the selection of the androgen con-

centrations tested was based on the values determined in

follicular fluids from patients at oocyte retrieval after ART,

in a large prospective multicenter study [48].

In an attempt to find a relation between steroid com-

position/changes in medium and meiotic resumption, a

series of correlation analyses of steroids and PB rates were

performed (not shown). These analyses on a large number

of data points (n = 78 samples) revealed that none of the

analyzed steroids (alone) was found to be associated with

the decreased meiotic maturation rates. Similarly, the

relation between androgen/estradiol ratios, reflecting aro-

matase activity, and PB rate was also assessed, however, no

clear relationship could be found either.

In conclusion, the in vitro culture approach of intra-

ovarian follicles allowed to demonstrate that elevated

androgen levels on top of increased gonadotropin tonus

during antral follicular development significantly alter the

steroidal micro-environment of the follicle, and have an

impact on the ability of oocytes to resume meiosis. In the

absence of a strong correlation between the currently

measured steroids and nuclear maturation outcome, the

molecular mechanisms which affect the oocyte meiotic

spindle assembly need to be further investigated.

Materials and methods

Animal model

Mice used for these experiments were housed and bred

according to national legislation and with the consent of the

committee for animal experimentation of the Vrije Uni-

versiteit Brussel (Project number: 06-535-1).

Follicle culture

Ovarian follicles from pre-pubertal mice (13-day-old, F1

hybrids: C57Bl/6j 9 CBA/ca) were mechanically isolated

and cultured for 13 days in a modified protocol from

Cortvrindt & Smitz [30]. Briefly, animals were sacrificed by

cervical dislocation, ovaries were retrieved from the abdomi-

nal cavity and early pre-antral follicles (with diameters

between 110 and 130 lm) were dissected out in Leibovitz

L-15 (Invitrogen), 10% heat-inactivated fetal bovine serum

(FBS), containing 100 IU/ml penicillin, 100 lg/ml strep-

tomycin (penicillin/streptomycin-mix, Invitrogen). Only

follicles with distinguishable theca cells (observed under

high magnification on the basal membrane) were used for

culture.

Follicle culture was carried out in two steps; first, follicles

were grown from the early pre-antral stage to the early antral

stage (6 days of culture). Follicles were individually cul-

tured (1 follicle/well) in 75 ll of basal culture medium in

96-well microtiter plates (Costar, Belgium). Basal culture

medium was composed of a-MEM glutamax (Invitrogen),

5% FBS (Invitrogen), 5 ng/ml insulin, 5 lg/ml apo-trans-

ferrin, 5 ng/ml sodium selenite (all from Sigma, Bornem

Belgium), 10 mIU/ml r-FSH and 10 mIU/ml r-LH (recom-

binant gonadotropins are purchased from Serono, Belgium);

r-LH was only added at the start of the culture and was not

included in the medium used for refreshment.

Second, on Day 6, most of the oocytes grown in the

follicle culture model had reached the surrounded nucleo-

lus stage (SN) [49]. This condition is quite comparable to

the situation in the menstrual cycle Day 1, where a cohort

of interest is being stimulated [50]. Day 6 of culture was

therefore considered an appropriate time-point to start the

experimental treatments. Plates containing in vitro growing

follicles (6 days in culture) were distributed into one of the

following treatments and further cultured for six more

days.
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Control

Ovarian follicles were cultured for six more days (D6–

D12) in basal culture medium. Note that a dose of 10 mIU/

ml r-FSH was determined to be a minimal effective dose to

obtain maximal follicle survival (C95%) in this culture

model [51]. Follicle survival is defined as follicles con-

taining a developing oocyte completely surrounded by

granulosa cells and it was calculated as a percentage from

plated follicles at the beginning of culture.

In vitro hyperstimulation model

In order to model an ovarian stimulation protocol like used

for ART, early antral follicles (Day 6) were exposed for

6 days to a supraphysiological gonadotropin level, mim-

icking the use of human menotropins (containing FSH and

LH bioactivity) (Fig. 5). Medium composition was similar to

the basal medium, except that 25 mIU/ml FSH ? 3 mIU/ml

recombinant hCG was substituting the 10 mIU/ml FSH [30].

This medium is further referred to as ‘‘Plus’’ medium.

Recombinant hCG was purchased from Serono (Serono,

Belgium).

The dose of FSH used in this treatment (being three

times higher than the minimal dose needed to obtain a

maximal follicle survival) was chosen to model a condition

of ovarian stimulation for ART. The dose of hCG was

administered to provide a constant low LH bioactivity to

stimulate theca cells androgenesis.

In vitro hyperandrogenism

In order to mimic a hyperandrogenic environment during

ovarian hyperstimulation, follicles cultured in ‘‘Plus’’

medium were in addition exposed to supra-physiological

concentrations of androstenedione (two doses) and testos-

terone (three doses) (both from Sigma, purity C98 and 99%,

respectively; Bornem, Belgium) during the antral growth

phase (D6–D12). For androstenedione, concentrations of 20

and 200 nM (final) were applied. For testosterone, con-

centrations of 20 nM, 200 nM and 2 lM (final) were used.

Androgens were first dissolved in DMSO and further

diluted in culture medium. A ‘‘Vehicle’’ control was

included in every experiment. Final DMSO concentration

in culture was B0.1%. Once the steroids had been added to

the medium, target values were confirmed by radioimmu-

noassay (see further details on the assay).

Follicle cultures were carried out at 37�C, 5% CO2,

100% humidity. Medium refreshments were performed

every 3 days by replacing 30 ll of spent media by fresh

Pre-antral stages Antral stages Ovulation

hCG + EGF

12 days culture period

Basal Medium “Plus” Medium

Ovulatory stimulus

Culture in Basal medium

Regular 
Culture

Experimental 
Treatments

Culture

“Plus” Medium + DMSO (Vehicle)6 Days

“Plus” Medium + 20, 200 nM  or 2µM Testosterone6 Days

“Plus” Medium + 20 or 200 nM Androstenedione6 Days

Day 6 Day 9 Day 12Medium collection for
steroid measurement

Day 13

Fig. 5 Scheme showing the experimental design. Ovarian follicles

were cultured for 6 days in basal medium (10 mIU/ml FSH) until

reaching an early antral stage, then follicles were exposed to ‘‘Plus’’

medium (25 mIU/ml FSH ? 3 mIU/ml hCG). ‘‘Plus’’ medium

resembles controlled ovarian hyperstimulation protocols using human

menotropin therapy
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medium (also containing the respective androgen

components).

Assessment of oocyte nuclear maturation

On Day 12 of culture, follicles of all treatments were

stimulated for oocyte maturation (resumption of meiosis)

with 1.2 IU human chorionic gonadotropin (hCG; Ares-

Serono, Geneva Switzerland) ? 0.65 nM epidermal growth

factor (EGF; Roche Diagnostics, Mannheim Germany);

18 h after the ovulatory stimulus, the oocytes were denuded

by drawing the cumulus oocyte complexes (COCs) in and

out of a fine glass pipette, and oocytes were assessed for

nuclear maturation. Oocyte nuclear maturation stages were

visualized under an inverted microscope equipped with a

Hoffman modulation contrast system (Nikon, Tokyo,

Japan). Nuclear maturation was scored as GV (presence of a

germinal vesicle), GVBD (germinal vesicle not visible), or

PB (first PB was extruded). Percentages of nuclear matu-

ration were calculated per plate. Results are expressed as

mean ± SEM, averaged for three independent experiments

(in total, 6–9 plates per treatment, with 8–10 follicles per

plate).

Chromosomal analysis in oocytes

For evaluation of androgen effects on oocyte chromosomal

alignment, follicles were exposed for 6 days to gonado-

tropins and 500 nM androstenedione.

Oocytes were fixed and stained as previously described

by Lenie et al. [40]. Briefly, spindles were stained by

sequentially incubating the oocytes (at least 45 min) with a

monoclonal mouse anti-a-tubulin (Sigma-Aldrich, Bornem,

Belgium), 1:100, and 45 min with Alexa Fluor 488-poly-

clonal goat anti-mouse antibody, 1:200 (Molecular Probes,

The Netherlands). The chromosomes were stained with

ethidium-homodimer-2, 1:2,000 (Molecular Probes, The

Netherlands) (incubation time: 15 min). Antibody dilution

and intermediary washing steps were performed with a

wash-block solution (PBS containing 0.02% sodium azide,

0.2% milk powder, 2% normal goat serum (NGS), 1%

BSA, 0.1 M glycine, and 0.01% Triton X-100) and all

incubations were carried out at 37�C. Stained oocytes were

analyzed under a Fluoview confocal microscope system

(Olympus IX 70) equipped with an Argon-Krypton laser

(488–568 nm) and band pass filter 510–540 and long pass

filter 610 to visualize Alexa Fluor 448 and ethidium-

homodimer-2, respectively.

Assessment of steroid production of cultured follicles

Culture medium from individual wells (only those con-

taining an intact follicle structure which made it to the end

of culture) was pooled per plate for the controls and each of

the treatments on Days 6, 9, and 12 (D6, D9, and D12);

additionally, medium was also collected 18 h after ovula-

tory stimulus (D13). Spent medium was stored at -20�C

until measurements of androstenedione, testosterone,

estradiol, and progesterone had been performed.

All immunoassays had also been slightly adapted to

permit their use on conditioned medium. Androstenedione

was measured by direct radioimmunoassay from Biosource

(androstenedione-RIA-CT, BioSource Europe, Nivelles,

Belgium) with a sensitivity of 70 ng/l and a total impre-

cision profile CV \10% for concentrations between 100

and 7,000 ng/l. Testosterone was measured by direct

immunoassay from Orion Diagnostica (RIA, ORION Di-

agnostica; Espoo, Finland). The analytical sensitivity of

this assay is 0.07 lg/l and the total imprecision profile CV

\10% is observed for concentrations from 0.1 to 50 lg/l.

17b-Estradiol (E2) production was measured by direct

radioimmunoassay from clinical assays (DiaSorin, Sorin

Fueter, Brussels, Belgium) with an analytical sensitivity of

10 ng/l and a total imprecision profile \10% CV. Proges-

terone (P) secretion was determined both before and after

maturation stimulus by direct radioimmunoassay from

Cisbio (Cisbio international, Gif-sur-Yvette cedex,

France). The progesterone assay has an analytical sensi-

tivity of 0.06 lg/l and a total imprecision profile \10%

CV.

Regarding specificity of the assays, cross-reactions as

stated by the manufacturer were minimal, so that speci-

ficity could be guaranteed. Experimental cross-reactivity

assays showed that in experiments where androstenedione

was added to culture media, testosterone was detected at

low levels in refreshment media (on average 12.9 lg

testosterone for 1 mg of added androstenedione). Similarly,

in experiments where testosterone was added to culture

media, androstenedione was also detected (on average

1.6 lg androstenedione for 1 mg of added testosterone).

The steroids profiles were represented in two ways,

allowing us to provide additional insight in the temporal

changes: (a) representation of the absolute values (i.e., the

concentration), comparing the steroid values obtained by

immunoassays; (b) evaluation of their relative production

(over time). Relative production was calculated using the

following formula: DayB/[(DayA)(0,6)], where ‘‘DayA’’

and ‘‘DayB’’ refer to two consecutive refreshment days

and Day A is corrected by a dilution factor due to med-

ium refreshment. This value was calculated for each plate

and for the culture period D6–D9, D9–D12, and D12–

D13.

A statistical evaluation of the possible relationship

between the different steroid levels and the meiotic

capacities of their corresponding oocyte was also carried

out.
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Statistical analysis

Nuclear maturation (GV, GVBD, or PB) rates were com-

pared among the treatments. Analysis of the percentages of

meiotic stages was done by using a generalized linear

mixed model with plate nested into experiment as random

factors and a logic link.

Analysis of either steroid concentration (absolute values

on D9, D12, or D13) or production (relative production

over time; D6–D9, D9–D12, or D12–D13) was performed

independently, using one-way ANOVA, with Tukey as

post-test.

Correlation of levels of produced steroids with added

androstenedione and testosterone (regardless of the treat-

ment) was assessed by Spearman correlation analysis.

In order to assess the relationship between the different

steroid levels and the meiotic capacities, Spearman corre-

lation analysis was performed.
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23. M. Bley, P. Saragüeta, J. Barañao, J. Steroid Biochem. Mol. Biol.

62, 11–19 (1997)

24. T. Hickey, D. Marrocco, R. Gilchrist, R. Norman, D. Armstrong,

Biol. Reprod. 71, 45–52 (2004)

25. A. Gill, M. Jamnongjit, S.R. Hammes, Mol. Endocrinol. 18(1),

97–104 (2004)

26. M. Jamnongjit, A. Gill, S.R. Hammes, Proc. Natl. Acad. Sci.

USA 102(45), 16257–16262 (2005)

27. M. Li, J.S. Ai, B.Z. Xu, B. Xiong, S. Yin, S.L. Lin, Y. Hou, D.Y.

Chen, H. Schatten, Q.Y. Sun, Biol. Reprod. 79(5), 897–905

(2008)

28. H. Shiina, T. Matsumoto, T. Sato, K. Igarashi, J. Miyamoto, S.

Takemasa et al., Proc. Natl. Acad. Sci. USA 103, 224–229 (2006)

29. K. Singh, Fertil. Steril. 84(2), 1228–1234 (2005)

30. R. Cortvrindt, J. Smitz, Hum. Reprod. 8, 243–254 (2002)

31. N. Macklon, R. Stouffer, L. Giudice, B. Fauser, Endocr. Rev. 27,

170–207 (2006)

32. C. Anderiesz, A. Trounson, Hum. Reprod. 10, 2377–2381 (1995)

33. G. Almahbobi, A. Nagodavithane, A. Trounson, Hum. Reprod.

10, 2767–2772 (1995)

34. J. Chang, Nat. Clin. Pract. Endocrinol. Metab. 3, 688–695 (2007)

35. S. Weil, K. Vendola, J. Zhou, O. Adesanya, J. Wang, J. Okafor

et al., J. Clin. Endocrinol. Metab. 83, 2479–2485 (1998)

36. S. Catteau-Jonard, S. Jamin, A. Leclerc, J. Gonzalès, D. Dewa-

illy, N. di Clemente, J. Clin. Endocrinol. Metab. 93, 4456–4461

(2008)

37. C. Wolfenson, J. Groisman, A.S. Couto, M. Hedenfalk, R.G.

Cortvrindt, J.E. Smitz et al., Reprod. Biomed. 10, 442–454 (2005)

38. M. Rodgers, R. Mitchell, A. Lambert, N. Peers, W. Robertson,

Clin. Endocrinol. 37, 558–564 (1992)

39. T. Hickey, D. Marrocco, F. Amato, L. Ritter, R. Norman, R.

Gilchrist et al., Biol. Reprod. 73, 825–832 (2005)

40. S. Lenie, R. Cortvrindt, U. Eichenlaub-Ritter, J. Smitz, Mutat.

Res. 651(1–2), 71–81 (2008)

41. I. Segers, T. Adriaenssens, W. Coucke, R. Cortvrindt, J. Smitz,

Biol. Reprod. 78(5), 859–868 (2008)

42. M. Hamel, J. Vanselow, E. Nicola, C. Price, Mol. Reprod. Dev.

70, 175–183 (2005)

43. M. Shemesh, M. Ailenberg, Biol. Reprod. 17, 499–505 (1977)

44. H. Shaw, S. Hillier, J. Hodges, Endocrinology 124, 1669–1677

(1989)

45. P. Kemeter, H. Salzer, G. Breitenecker, F. Friedrich, Acta

Endocrinol. 80, 686–704 (1975)

46. R.S. Carson, J.K. Findlay, I.J. Clarke, H.G. Burger, Biol. Reprod.

24(1), 105–113 (1981)

47. H. Cárdenas, W.F. Pope, J. Anim. Sci. 72(11), 2930–2935 (1994)

48. J. Smitz, A.N. Andersen, P. Devroey, J.-C. Arce, Hum. Reprod.

22, 676–687 (2007)

49. I. Segers, T. Adriaenssens, E. Ozturk, J. Smitz, Fertil. Steril.

93(8), 2695–2700 (2009)

50. V. Parfenov, G. Potchukalina, L. Dudina, D. Kostyuchek, M.

Gruzova, Gamete Res. 22, 219–231 (1989)

51. I. Adriaens, R. Cortvrindt, J. Smitz, Hum. Reprod. 19, 398–408

(2004)

Endocr (2010) 38:243–253 253


	Exposing cultured mouse ovarian follicles under increased gonadotropin tonus to aromatizable androgens influences the steroid balance and reduces oocyte meiotic capacity
	Abstract
	Introduction
	Results
	Morphological analysis of cultured follicles
	Control versus ‘‘Plus’’ condition
	In vitro hyperandrogenism

	Oocyte nuclear maturation assessment
	Androstenedione-treated oocytes
	Testosterone-treated oocytes

	Chromosomal analysis in oocytes
	Assessment of steroid production of cultured follicles
	Androstenedione-treated follicles
	Absolute steroid concentration in conditioned media
	Relative steroid production

	Testosterone-treated follicles
	Absolute steroid concentration in conditioned media
	Relative steroid production


	Steroids and meiotic resumption

	Discussion
	Materials and methods
	Animal model
	Follicle culture
	Control
	In vitro hyperstimulation model
	In vitro hyperandrogenism

	Assessment of oocyte nuclear maturation
	Chromosomal analysis in oocytes
	Assessment of steroid production of cultured follicles
	Statistical analysis

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


