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RESUMO.- [Influência do Fator de Crescimento Seme-
lhante à Insulina-I (IGF-I) sobre a sobrevivência e o 
desenvolvimento in vitro de folículos pré-antrais capri-

nos.] O objetivo do presente estudo foi investigar os efeitos 
do fator de crescimento semelhante a insulina-I (IGF-I) na 
sobrevivência, ativação (transição de folículos primordiais 
para primários) e crescimento de folículos pré-antrais ca-
prinos cultivados in vitro. Fragmentos de córtex ovariano 
foram cultivados por um e sete dias na ausência ou presen-
ça de IGF-I (0, 50 e 100ng/mL). Os tecidos não cultivados e 
cultivados foram processados e analisados por histologia e 
microscopia eletrônica de transmissão. O cultivo por um dia 
em meio com 100ng/mL de IGF-I apresentou 86,7% de fo-
lículos morfologicamente normais. Estes resultados foram 
semelhantes (P>0,05) ao percentual de folículos normais 
encontrados no controle (96,7%). Verificou-se ainda que 
este meio aumentou o percentual de ativação folicular (fo-
lículos em desenvolvimento) com um dia de cultivo. Os diâ-
metros ovocitário e folicular mantiveram-se semelhantes ao 
controle ao cultivar por um dia em meio contendo 100ng/
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The aim of this study was to investigate the effects of the insulin-like growth factor -I 
(IGF-I) on survival, activation (transition from primordial to primary follicles) and growth 
of caprine preantral follicles cultured in vitro. Fragments of ovarian cortex were cultured 
for one and seven days in the absence or presence of IGF-I (0, 50 and 100ng/ml). The non-
-cultured and cultured tissues were processed and analyzed by histology and transmission 
electron microscopy. The culture for one day in a medium with 100ng/ml of IGF-I showed 
86.7% of morphologically normal follicles. These results were similar (P>0.05) to the per-
centage of normal follicles found in the control (96.7%). It was also found that this medium 
increased the percentage of follicular activation (developing follicles) with one day of cul-
ture. The oocyte and follicular diameters remained similar to the control by culturing for 
one day in a medium containing 100ng/ml of IGF-I. The ultrastructural analysis did not 
confirm the integrity of the follicular fragments in a medium containing IGF-I (100ng/ml) 
after one and seven days of culture. In conclusion, this study demonstrated that the addi-
tion of 100 ng/ml of IGF-I in the culture medium enables the development of preantral folli-
cles of goats with one day of culture. However, it is not sufficient to maintain the follicular 
integrity and the follicular survival rate after seven days of culture.
INDEX TERMS: Caprine, culture, preantral follicles, IGF-I, ovary. 
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mL de IGF-I. As análises ultraestruturais não confirmaram 
a integridade folicular dos fragmentos em meio contendo 
IGF-I (100 ng/mL) após um e sete dias de cultivo. Em con-
clusão, esse estudo demonstrou que a adição de 100 ng/mL 
de IGF-I no meio de cultivo ativa o desenvolvimento de folí-
culos pré-antrais de caprinos com um dia de cultivo. Entre-
tanto, não é suficiente para manter a integridade folicular e 
a taxa de sobrevivência folicular após sete dias de cultivo.
TERMOS DE INDEXAÇÃO: Caprino, cultivo, folículos pré-antrais, 
IGF-I, ovário.

INTRODUCTION
The mechanisms which control the initiation of follicular 
development (the activation of primordial follicles) and the 
time required for their growth and development are still 
poorly known (Fortune 2003). Therefore, it is necessary to 
develop an efficient culture system that allows the activa-
tion and the development of preantral follicles to later sta-
ges of growth (Costa et al. 2013). Furthermore, the in vitro 
culture may provide a better understanding of the factors 
involved in folliculogenesis in the initial (preantral) phase. 
Among these factors, the insulin-like growth factor I (IGF-I) 
can be highlighted.

Some growth factors involved in the process of prean-
tral follicular growth have already been studied during the 
in vitro culture. Thus, Armstrong et al. (1998) and Woad et 
al. (2000) showed the role of IGF-I in the control of follicular 
growth. The action of IGF-I is controlled by its association 
with IGF binding proteins (IGFBPs), which can inhibit or fa-
cilitate the action of IGF (Monget & Bondy 2000). The IGF-I 
acts as an amplifier of the hormonal action of the gonado-
tropins. This growth factor enhances the binding between 
the granulosa, theca and interstitial cells (Adashi 1998), as-
suming a greater effect on follicular development (Monget 
et al. 2002). The IGF type I receptor (IGF-IR) is expressed in 
the theca and granulosa cells in preantral and antral folli-
cles of cattle, being the expression in granulosa cells higher 
in comparison to the theca cells (Armstrog et al. 2000). It 
occurs also the expression of IGF-IR in the corpus luteum, 
which is not influenced by the estrous cycle phase (Woad 
et al. 2000). In cattle and sheep follicles an expression of 
significant levels of IGF was not found (Perks et al. 1995). 
However, in goats the mRNA for IGF-I was expressed in all 
the follicular categories, being the granulosa and the the-
ca cells of antral follicles the main responsible for the IGF-I 
production in this follicular class (Hastie & Haresign 2006).

The responsiveness of IGF-I in the follicles has been de-
monstrated through several in vitro studies. The addition of 
IGF-I during the in vitro culture maintains the oocyte sur-
vival and stimulates the growth of bovine (Gutierrez et al. 
2000), human (Louhio et al. 2000) and murine (Zhao et al. 
2001) preantral follicles. During the in vitro culture of pre-
antral follicles of mice it was observed a significant incre-
ase in the follicular diameter when IGF-I was added to the 
culture medium, along with FSH. In addition, a synergism 
between IGF-I and FSH was also observed in the follicular 
inhibin secretion (Liu et al. 1998). These results support 
the hypothesis that IGF-I acts in synergy with FSH in indu-

cing the development of granulosa cells, by the regulation 
of the expression of receptors for FSH. Additionally, FSH 
was described as the hormone that stimulates the increase 
of IGF-I receptors during the in vitro culture of granulosa 
cells (Pawshe et al. 1998), suggesting that some FSH effects 
could be mediated via IGF-I (Adashi et al. 1985). Althou-
gh IGF-I has a stimulatory effect on follicular growth in the 
preantral phase, McCaffery et al. (2000) highlighted the 
importance of its regulatory mechanism, showing that the 
inadequate exposure of IGF-I in bovine preantral follicles 
has a negative effect on the oocyte development.

However, very little is known about the involvement of 
IGF-I in the regulation of preantral follicular development 
of goats. The present study was designed in order to inves-
tigate the possible influence of IGF-I in the culture medium, 
at different concentrations (0, 50 and 100ng/mL), on sur-
vival, activation and growth of preantral follicles enclosed 
in caprine ovarian tissue.

MATERIALS AND METHODS
The culture medium and other chemicals used in the present stu-
dy were purchased from Sigma Chemical Co. (St Louis, MO), un-
less otherwise indicated.

Ovaries. Ovaries (n=16) from eight adult (1-3 years old), 
non-pregnant mixed breed goats were collected at a local slau-
ghterhouse. The animals were cyclic and in good body condition. 
Immediately after death of the animals, the ovaries were washed 
in 70% alcohol for 10 seconds and then washed again in MEM 
supplemented with 100μg/mL penicillin and 100μg/mL strep-
tomycin. The pairs of ovaries were transported to the laboratory 
in MEM at 4°C within 1 h postmortem (Chaves et al. 2008). 

In vitro culture of ovarian tissue. This study was approved 
by the Ethics Committee on Animal Use, CEUA-UFV under case 
n° 45/2012. In the laboratory, the ovarian cortex of each pair of 
ovaries was divided in to 7 fragments of approximately 3 x 3mm 
(1 mm thick). One fragment (non-cultured control) was immedia-
tely fixed in Carnoy’s fluid for 4 h for histological studies, while 
a smaller fragment (1mm3) was randomly collected and subse-
quently fixed in paraformaldehyde 2% and glutaraldehyde 2.5% 
in sodium cacodylate buffer 0.1 M (pH 7.2) for ultrastructural exa-
mination. The other fragments of ovarian cortices were individu-
ally in vitro cultured in 1mL of culture medium for one or seven 
days at 39°C with 5% CO2 in air using a 24-well culture dish. The 
control medium was MEM supplemented with ITS (insulin 10 µg/
mL, transferrin 5.5µg/mL and selenium 5 ng/mL), 2mM glutami-
ne; 2mM hypoxanthine and 1.25mg/mL BSA, called α-MEM+. This 
control medium was tested alone (cultured control) or supple-
mented with different concentrations (50, 100ng/mL day 1, 50 
and 100ng/mL day 7) of IGF-I. All chemicals used in the present 
study were purchased from Sigma Chemical Co., unless otherwise 
indicated. Every 2 days, the culture medium was replaced by fresh 
medium and each treatment was repeated eight times.

Histological evaluation of preantral follicles. After either 
1 or 7 days of culture in each media, the ovarian fragments from 
each treatment, including the fresh control, were fixed individu-
ally in Carnoy for 4 h. After fixation, tissues were dehydrated in 
increasing concentrations of ethanol, clarified with xylene, and 
embedded in paraffin wax. Serial sections (7 µm) were cut, and 
mounted on a glass slide and stained with Periodic Acid Schiff – 
hematoxylin (PAS staining system, Sigma, Inc., St Louis, MO, USA). 
Coded anonymized slides were examined using a microscope 
(Olympus, Japan) under 400× magnification.
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Preantral follicles were individually classified according to the 
shape and number of granulosa cell layers around the oocyte: as 
either primordial, with one layer of flattened granulosa cells; or as 
developing follicles, which were further classified as intermedia-
te, with one layer of both flattened and cuboidal granulosa cells; 
primary, with a single layer of cuboidal granulosa cells; or secon-
dary, with two or more layers of cuboidal granulosa cells (Silva 
et al. 2004). Primordial and developing follicles were individually 
determined to be morphologically normal when they showed a 
healthy oocyte (without a pyknotic nucleus) with granulosa cells 
organized in layers. Otherwise, degenerated follicles were defined 
as those with a retracted oocyte, with a pyknotic nucleus, or disor-
ganized granulosa cells detached from the basement membrane. 
Overall, 240 follicles were evaluated for each treatment (each me-
dium and each culture period). The percentages of healthy pri-
mordial and developing follicles were calculated on day 0 (fresh 
control) and after culture in the various media tested. In addition, 
oocyte and follicular diameters were measured with the aid of an 
ocular micrometer, using only normal follicles from day 0 and in 
vitro cultured follicles thereafter. Two perpendicular diameters 
were recorded for each follicle and the averages for each of these 
two values were reported as follicle and oocyte diameters, respec-
tively. Care was taken to count each follicle only once (Matos et al. 
2007a). Only follicles with a visible oocyte nucleus were evalua-
ted in order to avoid counting the same follicle twice.

Ultrastructural analysis of caprine preantral follicles. For 
a more in-depth evaluation of follicular morphology after histo-
logical analysis, ultrastructural studies were performed on frag-
ments of fresh control tissue and treatment groups that maintai-
ned follicular survival and promoted growth after seven days of 
culture. A portion with a maximum dimension of 1-mm3 was cut 
from each fragment of ovarian tissue and fixed in Karnovsky so-
lution (2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M 

sodium cacodylate buffer at pH 7.2) for 4 h at room temperature 
(RT). After three washes in sodium cacodylate buffer, specimens 
were post-fixed in 1% osmium tetroxide and in 0.1 M sodium 
cacodylate buffer for 1 h at RT. The samples were then dehydra-
ted through a gradient of acetone solutions, and thereafter, they 
were embedded in Epon 812 resin. Afterwards, semi-thin sections 
(3μm) were cut, stained with toluidine blue and analyzed by light 
microscopy at 400× magnification. Ultra-thin sections (60-70nm) 
were obtained from preantral follicles, which were classified as 
morphologically normal in semi-thin sections according to the 
criteria adopted in histology. Subsequently, ultra-thin sections 
were contrasted with uranyl acetate and lead citrate, and they 
were examined under an EM 109 Zeiss (EM, Berlin, Germany) 
transmission electron microscope (TEM). The density and inte-
grity of ooplasmic and granulosa cell organelles as well as vacuo-
lization and membrane integrity were evaluated.

Statistical analysis. The variables were submitted to Norma-
lity (Lilliefors) and Homoscedasticity (Cochran) tests and poste-
riorly to the analysis of variance at a probability of 5%. In case a 
significance was presented, the Tukey test was carried out (PROC 
ANOVA; SAS 2002).

RESULTS
Effect of IGF-I on preantral follicle survival

The histological analysis showed that in the culture of 
ovarian cortex fragments normal (Fig.1A-C) and degenerat-
ed (Fig.1 D-F) follicles were found. In the degenerated folli-
cles oocytes with cytoplasmic retraction, pyknotic nucleus 
and disorganized granulosa cells were observed. A total of 
1,680 preantral follicles were counted to evaluate the fol-
licular morphology, activation and growth.

Fig.1. Histological sections of ovarian fragments after Periodic Acid Schiff-hematoxylin staining showing morphologically normal fol-
licles (A, control fresh; B and C of 100ng/mL IGF-I after 1 and 7 days of culture respectively) and degenerated (D, α-MEM+ with 1 day 
of culture; E and F of 50ng/mL IGF-I after 1 and 7 days of culture respectivamente). O: oocyte; Nu: oocyte nucleus; GC: granulosa cell 
(Original magnification 400×). arrow-oocyte retracted of granulosa cells.
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Table 1 shows the percentages of normal follicles in the 
non-cultured control (D0) and after one and seven days of 
culture in ovarian cortex fragments in different media. Af-
ter one day of culture, the addition of 100 ng/ml of IGF-I 
maintained the percentage of morphologically normal fol-
licles, when compared to the non-cultured control (86.7% 
and 96.7%, respectively, P> 0.05). However, a significant 
reduction in the rate of normal follicles occurred, after 
the culture in a medium without IGF-I or with 50ng/ml 
(P<0.05). However, after seven days of culture, none of the 
media maintained the percentage of normal follicles, when 
compared to the control.

The addition of IGF-I at both concentrations (50 and 
100ng/mL) enabled a greater percentage (P<0.05) of nor-
mal follicles, after one day of culture, when compared to the 
cultured control (α-MEM). However, after seven days, the 
media used behaved similarly (P>0.05). With the progress 
of the culture from one to seven days, there was a decrease 
in the percentage of normal follicles (P<0.05) using a me-
dium with 100 ng/ml of IGF-I.

Follicular activation and growth after in vitro culture 
In fresh tissues (non-cultured control), the percent-

ages of primordial and developing follicles were 43.3 and 
53.3%, respectively. After seven days of culture, there was 
a reduction in the percentage of primordial follicles in all 
treatments (Fig.2A, P<0.05) when compared to the fresh 
control. However, there was not an increase (P>0.05) in the 
percentage of developing follicles (Fig.2B). After one day of 
culture, there was a reduction (P<0.05) in the percentage 
of developing follicles when cultured in a medium without 
IGF-I (α-MEM+).

On day one of cultivation, it was verified that the IGF-I 
at the concentration of 100ng/mL presented a higher per-
centage (P<0.05) of developing follicles, when compared to 
the α-MEM+, demonstrating that there was follicular activa-
tion already from the first day of culture, with the use of 
IGF-I at this concentration.

The follicular and oocyte cell diameter were measured 
and are presented in Table 2. When compared to the fresh 
cortical fragments (non-cultured control), both the follicular 
and the oocyte cell diameters were reduced (P<0.05) after 
the culture for one and seven days, except when the follicles 
were cultured for one day in the presence of 100ng/mL IGF-

I. When the α-MEM+ (cultured control) was compared to the 
other treatments (50 and 100ng/ml of IGF-I), the concentra-
tion of 50 ng/ml IGF-I reduced (P<0.05) the follicular and 
oocyte cell diameters, after the culture for one or seven days.

Table 1. Percentage (mean ± SEM) of morphologically normal 
preantral follicles in the fresh control (non-cultured) and after 

in vitro culture for 1 or 7 days in the absence or presence of 
IGF-I (concentrations in ng/mL)

 Control 96,7 ± 0,6
  Normal
 Treatments Day 1 Day 7

 α-MEM+ 67,9 ± 3,1*bA 64,2 ± 6,4*aA

 IGF-I 50 79,6 ± 3,8*aA 75,4 ± 3,2*aA

 IGF-I 100 86,7 ± 2,0 aA 66,7 ± 3,1*aB

*Differs significantly from control follicles (P<0.05). a,b Differs significantly 
among concentrations in each day of culture (P<0.05). A,B Differs signifi-
cantly with the progression of the culture period from day 1 to 7 in the 
same treatment (P<0.05).

Fig.2. Percentage (mean ± SEM) of (A) primordial and (B) devel-
oping follicles (intermediate, primary and secondary) in non-
cultured (fresh control) and tissues cultured for 1 or 7 days in 
the absence or presence of IGF-I (concentrations in ng/mL). 
*Differs significantly from control follicles (P<0.05); +com-
pared with α-MEM+ (P<0.05); a,b differs significantly among 
concentrations in each day of culture (P<0.05); A,B differs sig-
nificantly with the progression of the culture period from day 
1 to 7 in the same treatment (P<0.05). 

Table 2. Caprine oocyte and follicle diameters (mean ± 
SEM) in non-cultured tissues (fresh control) and in tissues 
cultured for 1 or 7days in the absence or presence of IGF-I 

(concentrations in ng/mL)

  Oocyte diameter (μm) Follicle diameter (μm)
 Control 27,4 ± 0,6 37,7 ± 1,1
  Day 1 Day 7 Day 1 Day 7

 α-MEM+ 22,5 ± 0,9*bA 22,8 ± 0,7*A 31,2 ± 1,5*bA 29,8 ± 0,9*aA

 IGF-I 50 19,8 ± 0,5*cA 19,0 ± 0,5*bA 25,7 ± 0,9*cA 24,6 ± 0,7*bA

 IGF-I 100 27,4 ± 0,8 aA 23,5 ± 0,5*aB 37,2 ± 1,4 aA 30,0 ± 0,7*aB

* Differs significantly from control follicles (P<0.05). a,b Differs significan-
tly among concentrations in each day of culture (P<0.05). A,B Differs sig-
nificantly with the progression of the culture period from day 1 to 7 in 
the same treatment (P<0.05).



Pesq. Vet. Bras. 34(10):1037-1044, outubro 2014

1041Influence of Insulin-like Growth Factor I (IGF-I) on the survival and the in vitro development of caprine preantral follicles

However, after one day of culture, the concentration 
of 100ng/mL presented higher diameters (P<0.05) when 
compared to the α-MEM+. When the treatments were com-
pared to each other, the concentration of 50ng/ml of IGF-I 
presented lower diameters (P<0.05) after one and seven 
days of culture, when compared to the other treatments. 
With the progression of the culture from one to seven days, 
there was a reduction (P<0.05) in both diameters, in the 
follicles cultured in a medium with 100ng/ml of IGF-I.

Ultrastructural features of cultured follicles
The ultrastructural analysis was performed in follicles 

of the control group (non-cultured) and of the group that 
presented the best results after the in vitro culture (me-
dium with 100ng/ml of IGF-I). The Figure 3a illustrates the 
morphologically normal follicle of the non-cultured con-
trol, with the nuclear envelope and cytoplasmic membrane 
intacts, as well as a small number of vacuoles and various 
organelles with no signs of degeneration, including mito-
chondria and endoplasmic reticulum.

Figures 3b and 3c present follicles cultured for one and 
seven days in a medium containing 100ng/ml of IGF-I. IGF-
-I affected the ultrastructure of the cultured follicles, sin-
ce evident signs of degeneration were observed. In these 
follicles, it was observed a large number of vacuoles and 
a low density of organelles in the cytoplasm. Although the 
follicles cultured for one day in a medium supplemented 
with IGF-I were morphologically normal in the histological 
analysis (optical microscopy), evident ultrastructural signs 
of degeneration were verified, including irregular retrac-
tion of the nuclear envelope and cytoplasmic membrane.

DISCUSSION
The present study evidenced that IGF-I promotes the survi-
val and development of ovarian follicles of goats during the 
in vitro culture. Thus, the addition of IGF-I to the culture 
medium promoted a positive effect on the follicular survi-
val rate in fragments of ovarian tissues cultured for one day. 
However, none of the concentrations tested in the present 
study was able to maintain the follicular survival during se-
ven days of culture.

In contrast, other authors reported that the concentra-
tion of 100ng/ml of IGF-I is able to promote the mainte-
nance of the follicular viability in goats, during nine days 
of culture (Zhou & Zhang 2005). Similar results were ob-
served by Martins et al. (2010) who reported that IGF-I, at 
the concentration of 50 ng/ml, is capable of promoting the 
follicular viability in the caprine species. Previous studies 
showed that IGF-I is able to suppress the DNA fragmenta-
tion by apoptosis in the follicles of rats cultured in vitro, 
then acting as an antiapoptotic factor (Chun et al. 1994), 
beyond mitogenic (Hill 1989). In the present experiment, 
the media containing IGF-I allowed a greater percentage 
(P<0.05) of normal follicles, after one day of culture, when 
compared to the cultured control (α-MEM). Similar results 
were observed by Martins et al. (2010) in which the con-
centrations of 50, 100 and 200 ng/mL present higher per-
centages of morphologically normal follicles, when com-
pared to the α-MEM+, after one day of culture. However, the 
addition of IGF-I in the media was not able to maintain the 
follicular survival rate after seven days of culture, reducing 
the percentage of normal follicles, effects also noticed in re-
cent studies (Martins et al. 2010).

Fig.3. Transmission electron microscopy showing ultrastructure analysis of normal preantral follicles from fresh control (4400x) (a) and 
cultured for 1 (3000x) (b) and 7 days (3000x) (c) in medium containing like growth factor insulin-I (100ng/mL). Homogeneous cy-
toplasm and mitochondria rounded is characteristic of non-cultured follicles (3 a). Extreme vacuolization and great holes are present 
in the cytoplasm, indicative of degeneration (3b and 3c; solid arrow). (Nu) Oocyte nucleus; (GC) Granulosa cells; (m) Mitochondria; 
(er) Endoplasmic reticulum; (v) Vacuoles.
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Regarding the follicular activation (that is, the transi-
tion from primordial to developing follicles), it was verified 
that the addition of 100ng/ml of IGF-I promoted  higher 
percentages of developing follicles after one day of cul-
ture, when compared to the α-MEM+ (cultured control). Al-
though treatments did not differ in relation to the percent-
age of developing follicles at the end of the culture, the use 
of 100 ng/ml of IGF-I promoted an early activation, already 
on the first day of cultivation. Recent studies showed simi-
lar results during in vitro culture of ovarian tissue of goat, 
after one and seven days, using 100ng/ml of IGF-I in the 
medium (Martins et al. 2010). It was verified a reduction 
in the percentage of primordial follicles after seven days of 
culture, regardless of the addition or not of IGF-I. Similar 
results were obtained in previous studies with ovaries of 
cattle (Wandji, Eppig, Fortune 1996, Braw-Tal & Youssefi 
1997), baboons (Fortune et al. 1998) and goats (Martins 
et al. 2005, Silva et al. 2006, Matos et al. 2007b, Martins et 
al. 2008), in which the number of primordial follicles was 
dramatically reduced with the concomitant increase in the 
number of developing follicles, after the in vitro culture of 
ovarian tissue. However, the results of the present experi-
ment differed from other researchers, since there was no 
increase in the number of developing follicles, after the cul-
ture for seven days.

Yang & Fortune (2002) suggested that high doses of in-
sulin present in the ITS (3.12 and 6.25µg/mL), a compo-
nent added to the culture medium, promotes greater acti-
vation of primordial follicles of cattle and increases their 
survival rate. Although the addition of 100ng/ml of IGF-I 
has promoted greater follicular activation, then decreas-
ing the percentage of primordial follicles on day seven of 
culture, the culture conditions were not efficient to allow 
further growth of these activated follicles. This may be due 
to the absence of pyruvate in the culture medium. This is 
an organic compound responsible for the production of 
energy in the form of ATP at the mitochondria level. The 
more the cell needs energy to perform its vital functions, it 
will produce more mitochondria. The addition of pyruvate 
(0.23mM) to the culture medium has been frequently per-
formed in several researches, with positive results (Araújo 
et al. 2010, Martins et al. 2010). Studies have demonstrated 
that the activation of primordial follicles can occur “spon-
taneously”, that is, without the addition of growth factors 
or hormones (Eppig & O’Brien 1996). Therefore, the in vi-
tro conditions used nowadays have facilitated the develop-
ment of follicles from the culture of ovarian tissues, possi-
bly through the release of stimulating factors or preventing 
the production of inhibitory factors of the oocyte or stroma, 
granulosa or pre-theca cells, inside the ovarian cortical tis-
sue (Osman et al. 2007). Fortune (2003) confirms in his 
studies the negative and positive effects of IGF-I, demon-
strating that this growth factor has negative effects on bo-
vine primordial follicles and positive effects on secondary 
follicles in the same species, during follicular activation. 
Demeestere et al. (2004) observed that the concentrations 
of 1, 10 and 100ng/ml of IGF-I did not stimulate the transi-
tion from primordial to primary follicles during the in vi-
tro culture of bovine ovarian cortex. Similar results were 

observed in the present study, when only the primordial 
follicles were activated, which did not occur in developing 
follicles.

The culture media tested were not sufficient to promote 
follicular and oocyte cell growth. However, the culture for 
one day in a medium with 100ng/ml of IGF-I maintained 
the diameter of oocytes and follicles equivalent to the non-
cultured control and superior to α-MEM+ (cultured con-
trol). However, there was a reduction in both diameters, 
after seven days of culture, regardless of the medium used. 
These results differ from the results observed by Martins et 
al. (2010), in which the concentrations of 50 and 100 ng/
ml of IGF-I increased the follicular and oocyte cell diameter 
after seven of culture, when compared to the non-cultured 
control. Also Thomas et al. (2007) verified that the addi-
tion of 50ng/ml of IGF-I during the culture for six days 
promoted an increase in the follicular diameter in ovarian 
tissue of cattle. Likewise, Itoh et al. (2002) reported that 
the addition of 20ng/ml of IGF-I to the culture medium 
increased the follicular and oocyte cell diameter of prean-
tral follicles in cattle. In ovarian tissue of goats, Lorenzo & 
Carneiro (2003) found a positive influence of IGF-I on the 
maturation of oocytes using concentrations above 100ng/
ml of the medium. In a study using ovaries of prepubescent 
goats, the concentration of 100 ng/ml of IGF-I promoted 
the growth of oocytes enclosed in preantral follicles, after 
the culture for nine days (Zhou & Zhang 2005). However, it 
has already been proved that the use of IGF-I in the culture 
does not influence the growth of primary and secondary 
preantral follicles in the cortical tissues of cattle (Derrar et 
al. 2000) and rats (Liu et al. 1998).

In the present study, the reduction of the follicular and 
oocyte cell diameter observed during the culture for seven 
days might have ocurred due to a decrease in the mitosis 
rate in granulosa cells associated with a reduction in the 
oocyte size. Another explanation is that two groups of bind-
ing proteins for IGF-1 and 2 growth factors are known, the 
IGFBP (IGFBP-1 , -2, -4 , -5 , -6 and the IGFBP-3), which is the 
form that predominates in serum (Monget et al. 2002, Silva 
et al. 2008). The mRNA expression of the different proteins 
has differentiated functions in the follicles of some species, 
such as IGFBP-2, which decreases during follicular growth 
in ovaries of sheep, cattle and pigs. On the other hand, the 
expression of IGFBP-5 mRNA increases in granulosa cells 
of atretic follicles of cattle and sheep (Zhou et al. 1996). In 
goats, the protein and the mRNA for IGF-I are expressed in 
all follicular categories, but the granulosa and theca cells of 
antral follicles are the main responsible for the production 
of IGF-I in this follicular category (Silva et al. 2007). The 
mRNA encoding the IGF-I receptor was detected in oocytes 
and GCs of antral follicles of cattle. However, this mRNA was 
not detected in preantral follicles (Armstrong et al. 2002). 
These results support the hypothesis that IGF-I regulates 
the growth of follicles through endocrine mechanisms 
(Armstrong et al. 2002). In this research, the evaluated fol-
licles were preantral (primordial, intermediate, primary 
and secondary), which is why the addition of IGF-I in the 
culture medium has not promoted the increase of follicular 
and oocyte cell diameter, by the seven days of culture.
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The contradictory results of this study with previous 
studies can be explained by the differentiated sensitivity of 
each follicle to the treatment used, the species studied, the 
size of the follicle at the moment of culture, culture time, as 
the composition of the media used. Arunakumari, Shanmu-
gasundaram, Rao (2010) in one of his researches reports 
that the differences observed in the IGF-I synthesis pattern 
during the in vitro culture can influence in the growth of 
preantral follicles of mice and domestic species. This can be 
attributed to different action mechanisms and size of pre-
antral follicles (Schams et al. 1999).

Although follicles cultured with 100 ng/ml of IGF-I 
have presented similarities with the non-cultured control 
(rate of non-degenerated follicles) in the examination by 
light microscopy, evident signs of atresia in transmission 
electron microscopy were observed. Several studies have 
emphasized the importance of ultrastructural analysis af-
ter the in vitro culture of preantral follicles (cow: Van Den 
Hurk et al. 1998; mouse: Salehnia et al. 2002, goat: Matos 
et al. 2007a, Araújo et al. 2010). In the present study, the 
cultured follicles were characterized by a large number of 
vacuoles, absence of organelles in the cytoplasm, as well as 
the nuclear envelope and the cytoplasmic membrane pre-
senting irregularities or fragmentation.

Similar results were observed after the culture of cap-
rine preantral follicles in a medium containing indole-
3-acetic acid (Matos et al. 2006). Fortune et al. (2004) 
reported that the addition of IGF-I to the culture medium 
increased the atresia of preantral follicles in cattle after the 
in vitro culture. According to Silva et al. (2006), the apop-
tosis in primordial follicles cultured in vitro can be induced 
by the oxygen reduction and the diffusion of nutrients to 
preantral follicles in the ovarian cortex.

CONLUSION
The results found in this work permit to conclude that the 
addition of 100 ng/ml of IGF-I in the culture medium acti-
vates the development of preantral follicles of goats with 
one day of culture. However, it is not sufficient to maintain 
the follicular survival rate after seven days of culture.
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