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In the last few years, several works suggest that Growth Hormone
(GH) is involved in follicular development and oocyte maturation.
These actions may reflect endocrine roles of pituitary GH and
also account for local autocrine or paracrine activities of GH produced in reproductive tissue. This study was aimed to verify
whether the developmental competence of bovine female
gametes might be related to ovarian GH.We evaluated the localisation and distribution of GH in the cumulus oocytes complexes (COCs) and the concentration of GH in the oocytes and in the
follicular fluids (FF) from ovaries classified on the basis of the follicles number. Oocytes retrieved from ovaries with more than 10
follicles of 2 to 5 mm in diameter (High ovaries, Hi) show higher
rate of maturation and blastocyst formation than those retrieved
from ovaries with less than 10 follicles (Low ovaries, Lo). At the
same time we measured Estrogen (E2) and Progesterone (P4)
concentrations in FF, to relate oocytes quality, GH concentration
and follicle health. GH localization in COCs and oocytes was performed by indirect immunofluorescence and its concentration
within the ooplasm was evaluated by microspectrophotometer
analysis. GH, E2 and P4 concentrations in FF were measured by
an Enzyme Linked ImmunoSorbent assay (ELISA). We observed
a positive, diffuse signal at cytoplasmic level in most of the
cumulus cells, with no differences between COCs collected from
Hi and Lo ovaries. On the contrary, GH level was significantly
higher in the oocytes collected from Lo ovaries than in those
recovered from Hi ovaries. Finally we found that also GH level in
the FF was inversely related to the oocytes developmental capability. We suggest that the increase of GH in the oocytes and in
the FF derived from Lo ovaries might be interpreted as attempt
of the follicular environment to improve ovarian activity and in
turn oocytes developmental competence in a autocrineparacrine manner. Moreover, E2, and P4 levels in FF suggest that,
in our model, atresia processes are also involved in oocyte developmental capability and that the highest level of GH may represent a local reaction to these phenomena.
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here is much evidence to suggest that the
intrinsic quality of the oocyte is the key factor determining the proportion of oocyte
developing to the blastocyst stage (Krisher, 2004).
Quality, or developmental competence, is acquired
during folliculogenesis as the oocytes grow and their
companion somatic cells differentiate (Eppig et al.,
1994).
Gonadotropins are known to be the major regulators of gonadal function. However, it is now well
known that growth factors and metabolic hormones, also locally produced, play important roles
(Hunter et al., 2004). Several studies suggest that
growth hormone (GH) is directly involved, alone or
in combination with FSH and LH, in follicular
development and oocyte maturation, both in vivo
and in vitro (Bevers and Izadyar, 2002; Hull and
Harvey, 2001; Kaise et al., 2001).
Although GH actions may reflect endocrine roles
of pituitary GH, they may also account for the local
autocrine or paracrine actions of GH produced in
reproductive tissue.The GH receptor and its mRNA
have been localized in the ovary of various species:
rat (Carlsson et al., 1993; Zhao et al., 2002);
human (Sharara and Nieman, 1994); sheep
(Eckery et al., 1997); cow (Izadyar et al., 1997;
Kolle et al., 1998). GH gene expression and protein
localization have been described in cumulus oocyte
complexes (COCs) and in the ovary of the rat (Zhao
et al., 2002) and cow (Izadyar et al., 1999).
Moreover, GH is also present in the follicular fluid
of cows (Borromeo et al., 1996; 1998) and women
(Mendoza et al., 1999). Recently, it has been
demonstrated that oocyte developmental competence is directly influenced by follicular fluid composition (Iwata et al., 2006; Nicholas et al., 2005).
Many other factors affect oocyte quality in bovine
species during follicular growth; these include the
diet (Gong, 2002), season (Silva et al., 2006), hormonal stimulation (Sirard et al., 2006), size (Ali et
al., 2004; Lonergan et al., 1994) and health of fol-
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licles (Mermillod et al., 1999).
In a previous study, we demonstrated that bovine
oocyte quality is also related to the number of follicles located in the originating ovary; in particular,
we observed that oocytes recovered from ovaries
with a follicle > 10 mm in diameter or more than
10 follicles of 2 to 5 mm in diameter show higher
rates of maturation and blastocyst formation than
those collected from ovaries with less than ten follicles of 2 to 5 mm and no follicles > 10 mm in
diameter (Gandolfi et al., 1997).
To verify whether the developmental competence
of bovine female gametes is related to ovarian GH,
we determined the concentration of GH in the
oocytes and in the follicular fluids, starting from
ovaries classified on the basis of the follicle number.
During follicular development, granulosa cells are
the major source of follicular estrogen (E2) and
theca and granulosa cells together determine the
intrafollicular concentration of progesterone (P4)
and testosterone (T) (Bigelow and Fortune, 1998;
McNatty et al., 1984; Soboleva et al., 2000).
Changes in concentrations of steroids occur in cattle when follicles mature or become atretic and are
usually related to a certain size or stage of follicular development (Ginther et al. 2001; Ginther et
al., 1996). In that sense, the E2/P4 ratio may indicate the degree of atresia (De los Reyes et al.,
2006; Price et al., 1995). For this purpose, we
measured E2 and P4 concentrations in follicular
fluid, to relate oocyte quality, GH concentration and
follicle health.

Selected COCs were then washed twice in M199
supplemented with 20 mM HEPES and 0.4% of
BSA (HM199) and twice in the maturation medium.The whole procedure was performed in approximately 30 min.
The basic maturation medium (bMM) was TCM199 supplemented with 0.68 mM L-glutamine, 0.2
mM sodium pyruvate, 25 mM NaHCO3, 0.4% fatty
acid free bovine serum albumin, 0.1 IU/mL human
recombinant FSH (hrFSH, Gonal-F, Serono, Rome,
Italy). Groups of about 30 COCs were matured in
500 µL of bMM for 24 h in four-well dishes
(NUNC, VWR International, Milan, Italy) at 38.5°
C under 5% CO2 in humidified air.

Materials and Methods

In vitro fertilization

Chemicals and reagents
Chemicals and reagents were purchased from
Sigma Chemical Company (St. Louis, MO, USA),
unless otherwise stated.

Oocyte and follicular fluid collection
Bovine ovaries were obtained from a local abattoir and transported to the laboratory within 2 h in
sterile saline (9 g NaCl/L) maintained at 32-34°C.
All subsequent procedures were conducted at a
temperature of 36-38°C. As previously described
(Gandolfi, et al., 1997), ovaries were classified into
two categories as follows: low efficiency (Lo), with
less than 10 follicles between 2-5 mm in diameter
and no follicles ≥ 10 mm; high efficiency (Hi), with
more than 10 follicles between 2-5 mm in diameter.
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In both categories, the presence or the absence of a
corpus luteum was not taken into account.
Cumulus oocyte complexes (COCs) and follicular
fluid were aspirated from all 2-5 mm follicles of Lo
and Hi ovaries with a 18-gauge needle mounted on
an aspiration pump (COOK-IFV, Australia) with a
vacuum pressure of -28 mm/Hg. After COCs
removal, follicular fluid was centrifuged for 10 min
at 500 g and supernatant stored at -20°C until
assayed.
In both categories, COCs were examined under a
stereomicroscope, and only complexes mediumbrown in colour, with five or more complete layers
of cumulus cells and a finely granulated homogenous ooplasm were used for in vitro embryo production (IVP).

In vitro maturation

After maturation, oocytes were fertilized as previously described (Luciano et al., 1999). Briefly, the
contents of a straw of cryopreserved bull spermatozoa (CIZ, S. Miniato Pisa, Italy) was thawed and
cells separated on a 45-90% Percoll gradient.
Sperms were counted and diluted to a final concentration of 1×106 spermatozoa/mL of fertilization
medium, which was TALP supplemented with 0.6%
(w/v) fatty acid free BSA, 10 µg/mL heparin, 20
µM penicillamine, 1 µM epinephrine, and 100 µM
hypotaurine. Groups of 30-34 COC were cultured in
300 µL of fertilisation medium and incubated for
18 h in four-well dishes at 38.5° C under 5% CO2
in humidified air.

Embryo culture
The embryo culture medium consisted of synthet-
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ic oviduct fluid (SOF) (Tervit et al., 1972), modified as previously described (Luciano et al., 2005).
Briefly, SOF was buffered with 25 mM NaHCO3,
supplemented with MEM essential and non-essential amino acids, 0.72 mM sodium pyruvate, 2.74
mM myo-inositol, 0.34 mM sodium citrate and 5%
calf serum (SOF-C). Embryo rinse and manipulation medium was SOF supplemented with 0.3%
(w/v) BSA fraction V, MEM essential and nonessential amino acids, 0.72 mM sodium pyruvate
and buffered with 10 mM HEPES and 5 mM
NaHCO3 (SOF-R). After fertilization, presumptive
zygotes were vortexed for 2 min in 500 µL of SOFR, rinsed twice and then transferred in groups of
30-34 t0 400 µL of SOF-C under 400 µL of mineral oil. Incubation was performed at 38.5°C in a
humidified gas mixture composed of 5% CO2, 5%
O2 and 90% N2., Cleavage and blastocyst rate were
assessed, respectively 48 h and 186 h post insemination. At the end of the culture, blastocysts were
fixed in 60% methanol in PBS, and cell nuclei were
counted under fluorescence microscopy after staining with 0.5 mg/mL propidium iodide.

Hormone assays in follicular fluid
GH concentrations in follicular fluid were measured by an enzyme-linked Immunosorbent assay
(ELISA), based on polyclonal antibodies specific
for bovine GH, as previously described (Borromeo
et al., 1996). The assay was validated for use with
ovarian fluids. The sensitivity of GH was 0.25
ng/mL. The intra- and inter-assay coefficients of
variation ranged between 2.6 to 5.1% and 8.5 to
12.7%, respectively.
E2 and P4 were measured in unextracted samples
of follicular fluid using EIA (Neogen Corporation,
Lexington, KY, USA). The sensitivity limits were
0.04 ng/mL of E2 and 0.4 ng/mL of P4. The intraand inter-assay coefficients of variation were 4.8 to
7.2% and 5.4 to 9.6% for E2, respectively, and 5.2
to 8.4% and 6.2 to 10.1% for P4, respectively.

Localization of GH in the oocytes and COCs
In order to visualize the distribution and the
localization of GH within the oocyte and the cumulus cells, 40 COCs were isolated from Hi and Lo
ovaries, respectively. Twenty COCs from each group
were immediately fixed intact after their aspiration
from the ovary; from the remaining samples, cumulus cells and zona pellucida were removed (Modina,
et al. 2004). All the samples were processed as

whole mount and analyzed with an indirect
immunofluorescence protocol.
The cumulus cells were separated in a defined
saline medium [(0.1% (w/v) polyvinyl plcohol
(PVA) in PBS-PBS/PVA)] by vortexing for 2 min
at 35 Hz; zona pellucida was dissolved by digestion
with 0.5% (w/v) pronase E in PBS at 39°C for 13 min. After several washes in PBS/PVA, oocytes
were treated with a blocking solution [(1% (w/v)
BSA, 0.3% (w/v), Triton X-100 and 10% (v/v)
normal donkey serum in PBS)] for 30 min at room
temperature (RT).
Oocytes were incubated overnight at 4°C with the
same anti-bovine GH antibodies used for ELISA,
which were previously shown to be suitable for
immunoistochemistry (Borromeo, et al. 1998),
diluted 1:50 in 1% (w/v) BSA, 0.1%(v/v) Triton X100 and subsequently washed several times in
PBS/PVA. Finally, samples were incubated with
FITC donkey anti-rabbit IgG secondary antibody
(Jackson ImmunoResearch laboratories, Inc.)
diluted 1:300 in PBS/PVA for 30 min at RT.
Nuclear status was evaluated after incubation in
0.01% (w/v) 4'-6-diamidino-2-phenylindole
(DAPI) for 10 min at RT.
COCs and denuded oocytes were washed in
PBS/PVA for 1h at RT, transferred onto glass
slides in 20 µL of Fluoro-Guard (BioradMissisauga, ON, Canada) mounting medium and
observed with a conventional epifluorescence
microscope (Nikon, Eclipse E 600, Japan).
Negative controls were performed by replacing
GH antibodies with either PBS or normal rabbit
serum. A group of oocytes were incubated with GH
antibodies saturated with GH proteins.

Microdensitometric quantification of GH
In order to quantify GH concentration within the
oocytes, 141 and 91 denuded and dezoned oocytes
collected from Hi and Lo ovaries respectively, were
analysed as whole mount by indirect immunofluorescence, as described above. After GH localization,
each sample was transferred onto a glass slide in
20 µL of Fluoro-Guard (Biorad-Missisauga, ON,
Canada) mounting medium in the center of a tapering to produce a fixed space about 200 µm thick
and evaluated as single cells with a Universal
Microspectrophotometer System equipped for epifluorescence analysis (Zeiss, Milan, Italy).Values of
fluorescent intensity were expressed as arbitrary
units.
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Table 1. In vitro embryo development of COCs isolated from Lo and Hi ovaries.
Ovaries

Oocytes
(n)

Cleaved
(%)

Percentage of blastocysts over cleaved oocytes

Percentage of blastocysts over total oocytes

Blastocysts Cell number

Hi
Lo

128
112

93.7±0.8*
88.9±1.3

35.4±2.1*
9.4±1.5

33.2±1.9*
8.3±1.2

96.8±5.9
85.8±9.1

The data are expressed as means ± SEM. *, p<0.05.vs Lo.

Table 2. Follicular fluid concentration of GH, P4 and E2 in 2-5 mm
follicles from Hi and Lo ovaries.
Ovaries

Hi
Lo

Follicles

GH

P4

E2

(n)

(ng/mL)

(ng/mL)

(ng/mL)

45
50

6.64±0.88
15.25±2.06*

32.21±7.49
68.09±15.4*

9.23±3.39
1.98±0.66*

Table 3. Micro-densitometric quantification of bGH immunofluorescence of single denuded and dezoned oocytes derived from
different classes.
Ovaries
(n)

Oocytes
Units

Arbitrary

Hi
Lo

141
91

2.089±0.14*
2.889±0.32

The data are expressed as means ± SEM; *, p<0.01.vs Hi.
The data are expressed as means ± SEM; n, number of samples ; *, pp< 0.05.vs Lo.

Statistical analysis
Experiments were replicated at least 3 times.
Results are expressed as mean ± SEM. Data were
analyzed using one-way ANOVA followed by
Scheffe's test for multiple comparisons
(SuperANOVA, Abacus Concepts, CA, USA).
Probabilities of less than 0.05 were considered statistically significant.

Results

In vitro embryo production
The percentage of COCs selected by morphological criteria suitable for IVP procedures from Lo
ovaries was not different from the percentage of
those isolated from Hi ovaries, as previously
demonstrated (Gandolfi, et al. 1997). As expected
from the selection criteria used in these experiments, oocytes isolated from Hi ovaries (i.e. yielding oocytes with high developmental competence)
did indeed show a higher developmental potential
than those from Lo ovaries (i.e. yielding oocytes
with low developmental competence). No significant differences were evident in blastocyst cell
number (Table 1).

Hormone assays in follicular fluid
As indicated in Table 2, GH and P4 concentrations
were significantly higher in follicular fluid aspirated
from Lo ovaries than in the follicular fluid isolated
from Hi ovaries (p<0.01).
On the contrary, E2 concentration was significant-

176

ly higher in follicular fluid aspirated from Hi ovaries
than in the follicular fluid isolated from Lo ovaries
(p<0.01).

Localization and microdensitometric quantification of GH
In all the COCs examined, most of the cumulus
cells showed a positive, diffuse signal at the cytoplasmic level (Figure 1). No differences were found
between COCs of Hi and Lo ovaries.
Denuded oocytes showed a positive uniform GH
signal within the cytoplasm, with an intensity ranging from strong to weak (Figure 2b, c). Nuclear
staining confirmed that all the oocytes were in the
germinal vesicle stage, showing different degrees of
chromatin organization (Lodde, et al. 2007)
(Figure 2c, f, i). All the controls were negative, indicating the specificity of the anti-bovine GH antibody (Figure 1h; Figure 2h).
Microdensitometric analysis showed that oocytes
harvested from Lo ovaries had a significantly higher GH concentration than those collected from Hi
ovaries (Table 3).

Discussion
The quality of the oocyte, defined as the competence to yield a blastocyst following in vitro maturation, fertilization and culture (Lonergan et al.,
2003) represents the most important factor that
limits the application of assisted reproductive technologies in domestic animals (Merton et al., 2003).
Physiologically, only naturally selected follicles
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Figure 1. Immunolocalization
of GH in representative
cumulus oocyte complexes
analysed as a whole mount.
GH localization in COCs
derived from Hi ovary (b) and
Lo ovary (e); control (h);
nuclear staining with DAPI
(c, f, i); bright fields (a, d, g).
Bar=100 µm.

Figure 2. Immunolocalization
of GH in representative
denuded
and
dezoned
oocytes analysed as a whole
mount. Intense GH signal in
oocyte derived from Hi ovary
(b); weak GH signal in oocyte
derived from Lo ovary (e);
control (h); nuclear staining
with DAPI (c, f., i); bright field
(a, d, g). Bar=50 µm.

come to ovulation; on the contrary, embryo technologies use oocytes from follicles at different sizes
and stages of follicular growth.The heterogeneity of
these oocytes can lead to suboptimal embryo production compared to the natural environment situation (Sirard, et al. 2006).
In the present study, we confirmed that in cow,
oocyte developmental competence is linked to the

morphology of the ovary (Gandolfi et al., 1997),
and we show for the first time that it also can be
related to different amounts of GH concentrations,
both within the oocytes and in the follicular fluid.
We also found that P4 concentrations were significantly higher in follicular fluids collected from Lo
ovaries than in those collected from Hi ovaries.
These data suggest that in our model, atresia
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processes may also be involved in oocyte developmental capability (Borromeo et al., 1998), even if
in small antral follicles the E2/P4 ratio is controversial because the ability to respond to LH and produce androgen precedes the ability of granulosa
cells to aromatize estrogen to androgen (McNatty
et al., 1984; Roberts and Skinner, 1990). A previous study, which indicated that in pigs, cyclical
growth and atresia of ovarian follicles result in
changes in overall oocyte quality (Shimada and
Terada 2002), support our hypothesis; and the
observation that in follicular fluid P4 concentrations
were consistently higher than E2 concentrations,
agrees with the recent work of De los Reyes et al.
(2006).
GH localization in bovine COCs and ovary was
previously reported by Izadyar et al. (1999). These
authors observed that at the onset of in vitro maturation, COCs obtained from follicles 2 to 8 mm in
diameter showed strong and moderate GH
immunoreactivity in the cumulus cells and oocytes,
respectively, while the expression of GH mRNA was
found only in the oocytes, indicating active synthesis of the hormone at this site. Similarly, we found a
positive signal for GH both in oocytes and cumulus
cells. However, we generally observed a positive, diffuse signal at the cytoplasmic level in most of the
cumulus cells, with no differences between the two
groups of COCs considered. On the contrary,
although all the oocytes displayed a positive, uniform signal within the cytoplasm, various grades of
intensity were detected, suggesting different levels
of secretion and/or storage. The present study has
been characterized by different approaches and
objectives. First of all Izadyar et al. (1999) localized GH proteins on COC sections with avidin-biotin
peroxidase staining and the intensity of each
immunoreaction was evaluated by light microscopy
and scored arbitrarily as negative, moderate or
strong. We used a more defined technical approach,
since we analysed COCs and denuded oocytes as
whole mount by indirect immunofluorescence and
the intensity within the ooplasm of each single
oocyte was validated by microspectrophotometric
analysis. Secondarily, in the study described above,
Izadyar et al. (1999) analysed a pool of COCs
selected only on the basis of the presence of a multilayered compact cumulus investment, without taking into account the originating gonad. In our
experimental model, before COC collection, we
determined the morphology of each ovary to associ178

ate GH concentrations and oocyte quality to the
morphological appearance of the ovary.
We thus found that the intracytoplasmic concentration of GH within the oocytes reflected GH concentration in follicular fluid and that a high level of
the hormone is inversely related to the developmental capability. Conversely, Mendoza et al. (1999)
demonstrated that in women, elevated concentrations of GH in follicular fluid were associated with
rapid cleavage, good morphology of cleaving
embryos and high embryo implantation potential.
However this result is only apparently in contrast
with our data since Mendoza et al. (1999) considered follicular fluids from pre-ovulatory follicles
(>18 mm in diameter) and from patients subjected
to ovarian stimulation with FSH and HMG.
Stimulatory treatments, in fact, induce dynamic
changes in follicular fluids as individual cells of the
follicles respond to the administration of
gonadotropins by secreting different hormones,
such as GH, growth factors, and cytokines that,
either directly or indirectly, influence oocyte viability and developmental potential (Mendoza et al.
2002). Our experimental conditions are completely
different, since the morphology of the ovaries collected from the slaughterhouse indicated that cows
were not submitted to hormonal treatments; moreover, we analyzed COCs aspirated from growing
middle antral follicles.
Although results obtained in our previous report
suggest that systemic factors, such as age, are not
likely to be implicated in the diversities between
COCs from different ovaries (Gandolfi et al., 1997),
the morphology of Lo ovaries could be compared to
those of women during the decline of fertility. In
women, in fact, the basis of ovarian ageing is ovarian follicle depletion, and the number and the quality of remaining oocytes are closely related
(Nikolaou and Templeton 2004; Nikolaou 2004)
The causes of oocyte quality deterioration are not
completely known; however, the qualitative decline
of the remaining gametes is characterized by fewer
granulosa cells per follicles, which have diminished
function, indicated by less in vitro steroid and glycoprotein production and by decreased mitosis and
increased apoptosis (Seifer et al., 1996) and by
mitochondrial damage (Takeuchi et al., 2005).
Starting from these data, we assumed that the
increase of GH concentration in oocytes and follicular fluids collected from Lo ovaries might be interpreted as an attempt of the follicular environment
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to improve ovarian activity and oocyte developmental competence in an autocrine-paracrine manner.
In accordance with this hypothesis, several pieces
of evidence suggest that, in the cow, GH has a promotory effect both in vitro (Izadyar et al., 1998;
Kuzmina et al., 2006; Moreira et al., 2002;
Pozzobon et al., 2005) and in vivo on developmental competence (Moreira et al., 2002), leading to
speculate that an early rise of GH in small antral
follicles located in Lo ovaries is beneficial for
oocyte quality by enhancing, or acting in synergy
with gonadotropin in developmental processes. By a
similar approach, we can also consider the capacity
of the hormone to stimulate oxidative activity of
ooplasmic mitochondria in women (Kuzmina, et al.
2006) and to increase cumulus expansion by promotion of cell proliferation and inhibition of apoptosis (Kolle, et al. 2003), and to enhance oocyte
quality by accelerating and coordinating cytoplasmic and nuclear maturation (Izadyar, et al. 1997;
1998) during in vitro maturation of bovine oocytes.
The increase of follicular GH concentration in Lo
ovaries as a reaction to the atresia processes may
also be considered. In vivo studies in fact suggest
that GH stimulates growth and prevents atresia in
small follicles, which develop and undergo atresia
throughout the oestrous cycle. For instance, GH
administration increases the number of small follicles in cattle (Gong et al., 1991) and horses
(Cochran et al., 1999) and GH and gonadotropins
are required to prevent atresia in follicles >2 mm
following hypophysectomy in sheep (Eckery et al.,
1997). To date, it is evident that the greatest
amount of GH stored in the follicular environment
of Lo ovaries is not enough to restore oocyte quality, even considering the P4 level in the follicular fluids, confirming the general opinion that several factors influence, directly or indirectly, oocyte viability
and developmental potential.
Finally, although literature is limited and restricted to specific cases, it cannot be excluded that in
our model, ovarian GH may exert an inhibitory
effect. It is well known that the activities of GH are
progonadal at physiological concentration; in fact,
an antigonadal activitiy at pharmacological concentrations and in patho-physiological excess has
been demonstarted. Mice (Ghosh and Bartke,
1993), rodents (Bartke et al., 1996) and pigs
(Bartke et al., 1996), transgenically expressing the
GH gene, show a decrease of circulating
gonadotropins that, in turn, decrease male and

female fertility. As supposed by Hull and Harvey
(2001), these actions are thought to reflect an
endocrine role of pituitary GH and a complementary autocrine and paracrine role of GH produced
within the ovary; the local production of the hormone within the ovary thus reflects an emergency
mechanism to rapidly regulate or finely tune cellular functions that are normally regulated by pituitary GH. In conclusion, although this study provokes some new questions, it contributes to better
understandjng the role of ovarian GH and the cellular mechanisms that modulate the achievement of
oocyte developmental competence. The acquisition
knowledge on this topic is of primary importance
since until the processes involved in oocyte quality
are elucidated, any effort to use assisted reproductive technologies in the treatment of human infertility or animal production for biomedical purposes
will be insufficient at best.
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