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Abstract 
Background: The ultrastructural analysis of cultured follicles could direct us to 
understand subcellular changes during in vitro culture.  
Objective: This study was done   to verify the ultrastructural characteristics of in vitro 
cultured mouse isolated preantral follicles in co-culture system in the presence and 
absence of leukemia inhibitory factor (LIF) 
Materials and Methods: Mechanically isolated preantral follicles were divided into 
four groups: control without LIF, control with LIF, co-cultured group with LIF, co-
cultured group without LIF. In co-culture groups the follicles were cultured with 
cumulus cells. After 4 days the follicles were processed and sectioned for transmission 
electron microscopic examination. 
Results: The oocytes of cultured preantral follicles in all studied groups demonstrated a 
homogeneous cytoplasm and they had the round or ovoid shaped mitochondria with 
light matrix and cristae. Their endoplasmic reticulum cisternae were in association with 
mitochondria and Golgi complex. The cortical granules and the aggregation of 
mitochondria around the germinal vesicle were prominent in both co-cultured groups. 
The organelle distribution in granulosa cells was normal in all groups of study and no 
sign of cell death was observed. In both co-cultured systems the granulosa cells 
contained mitochondria with tubular cristae, a well developed smooth endoplasmic 
reticulum and several large lipid droplets, characteristics of steroid synthesis cells. 
Conclusion: The oocyte and granulosa cells in co-cultured system showed more 
remarkable maturation features than that of control.  
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Introduction 
 

     In recent years, much attention has been 
focused on the improvement of in vitro maturation 
(IVM) of follicles in different culture systems (1-
5). Culture conditions including the formulation of 
the base medium, supplementations and physical 
environment such as the presence of cumulus cells 
influence the maturation and subsequent follicular 
development (6). Supplementation of media with 
growth  factors  and  cytokine  locally  produced in     
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ovarian microenvironment has been used for in 
vitro maturation of follicles and oocytes (7-10). 
Leukemia inhibitory factor (LIF) is a 43 kDa 
glycoprotein and may be an important modulator 
of ovarian function (11, 12). It also improves the 
rate of fertilization of mouse and sheep oocytes in 
vitro (13, 14). LIF exerted a positive influence on 
the quality of the blastocysts as revealed by 
significantly higher number of ICM cells and total 
number of cells. It has shown that the LIF had 
antiapoptotic roles in oocytes and it inhibited 
female germ cell death (15). LIF acts on the cells 
via its receptors which consist of two subunits, a 
low affinity binding subunit and a transmembrane 
molecule, gp 130 (16). The leukemia inhibitory 
factor receptors were detected on the oocyte and 
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preimplantation embryos (17, 18).  In spite of the 
effects of LIF on embryo development and 
implantation (13, 19), there are limited reports 
regarding to its effects on follicular maturation in 
vitro. In this regard, the study of Nilsson et al 
showed that LIF promotes the primordial to 
primary follicle transition after ovarian tissue 
culture (20). Our previous studies showed that the 
LIF could improve the growth of isolated follicles 
in simple and co-culture system. The LIF-treated 
groups had significantly (p< 0.001) lager size than 
their control (21, 22). Thus it seems that LIF could 
induce some subcellular changes which facilitate 
the follicular maturation. Furthermore, the 
ultrastructural analysis of cultured follicles could 
direct us to understand subcellular changes during 
in vitro culture and maturation. Thus the aim of 
this study was to describe the detail of 
ultrastructural changes of mouse preantral follicles 
cultured in simple and co-culture system in the 
presence of LIF in comparison with their control. 
 

Materials and methods 
 

Animals  
     Five female NMRI (National Medical Research 
Institute) mice (14-day-old) were cared according 
to the university guide for the care and use of 
laboratory animals and they were sacrificed by 
cervical dislocation. Their ovaries were removed 
and stored in α- minimal essential medium (α- 
MEM; Gibco, UK) supplemented with 5% fetal 
bovine serum (FBS; Gibco, UK). 
  
Preparation of feeder layer 
     The cumulus monolayer was prepared by 
puncturing, squeezing and removing cumulus cells 
from fresh early antral follicles. The cells with 
96% viability (using 0.4% trypan blue staining) 
and concentration of 2×105/ml (counting with 
neobar lam) were cultured in 20 µl droplets of α-
MEM medium supplemented with 5% FBS in a 
humidified  5% CO2 at 37 °C under mineral oil 
until confluency was reached. The medium was 
refreshed on day 2 and then the feeder layer was 
used for co-culturing with isolated preantral 
follicles. 
 

Preantral follicle isolation  
     The preantral follicles with a diameter of 140-
170 µm were mechanically isolated from mouse 
ovaries (near 15 follicles per ovary) using 29-
guage needles under stereomicroscope. Isolated 
follicles containing several layers of granulosa 
cells with a centrally located healthy oocyte and a 
thin layer of theca cells were distributed randomly 

for the following groups of studies: control without 
LIF, control with LIF, co-cultured group with LIF, 
and co-cultured group without LIF. 
 
The culture medium  
     The selected preantral follicles were cultured 
individually in  20 µl droplets of α- MEM (Gibco; 
UK) supplemented with 5% FBS, 100 mIU/ml 
recombinant follicle stimulating hormone (rFSH or 
Gonal-f; Serono, Switzerland), 1% insulin, 
transferrin, and selenium (ITS; Gibco, UK), 
20ng/ml murine recombinant epidermal growth 
factor (mrEGF; Sigma, Germany), 100 IU/ml 
penicillin and 50 µg/ml streptomycin under 
mineral oil in a humidified atmosphere of 5% CO2  
in air at 37 °C for 4 days. In LIF treated groups, 50 
ng/ml mouse recombinant LIF (Sigma, USA) was 
added to culture media based on the pilot study 
(21).The medium without LIF was considered as 
control and the media were refreshed every other 
day in both groups. 
 

Electron microscopy 
     The follicles adhered to culture dish after 4 days 
culturing and the normal structure of follicles was 
lost. The follicles had diffuse appearance by 
follicular and thecal cells outgrowth thus the 
sampling were done on day 4 of culture. The 
cultured preantral follicles from 4 groups of study 
(simple and co-culture groups in the presence and 
absence of LIF) were collected randomly (n = 30 
from each groups) and fixed in 2.5% 
glutaraldehyde in phosphate-buffered saline (PBS, 
pH 7.4) for 2 hours, and post fixed with 1% 
osmium tetroxide in the same buffer for 2 hours. 
After dehydration in an ascending series of 
ethanol, the specimens were placed in propylene 
oxide and embedded in Epon 812 (TAAB, UK). 
Semithin sections (0.5 µm) were stained with 
toluidine blue for light microscopy. Ultrathin 
sections (60-80 nm) were stained with uranyl 
acetate and lead citrate and examined by 
transmission electron microscopy (TEM) (Zeiss 
EM 900, Germany). 
 

Results 
 

     The morphology of the follicles after 4 days 
culturing is shown in figure 1. The growing 
granulosa and theca cells adhered to the culture 
plate and they had diffuse appearance. In vitro 
cultured preantral follicles consisted of an oocytes 
surrounded by several layers of polyhedral 
granulosa and flattened theca cells. The cultured 
follicles showed the granulosa cells were in close 
connection with oocyte (Figure 2A). 
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Ultrastructure of oocyte 
     The electron micrograph of follicles in all 
studied groups demonstrated that the oocyte of 
cultured preantral follicles had a homogeneous 
cytoplasm and was surrounded by zona pellucida. 
The zona pellucida was as a thick layer around the 
oocytes. The projections of granulosa cells could 
be seen in the thickness of zona pellucida 
especially in its outer part. The long and torturous 
oocyte microvillus were extended into narrow 
perivitteline space (Figure 2A and B). The cortical 
granules were prominent in the co-cultured group 
(Figure 2A). In ooplasm, the most abundant 
organelles were the round or ovoid shaped 
mitochondria with light matrix and cristae and 
Golgi complex (Figure 2C). The aggregation of 
mitochondria around the germinal vesicle was 
prominent in the co-cultured follicles compared to 
the control group (Figure 2D). Also the 
intermediate filaments of cytokeratin with striated 
appearance in longitudinal sections were 
prominent in ooplasm of co-cultured groups 
without LIF (Figure 3A). In most samples, the 
endoplasmic reticulum cisternae were observed in 
association with mitochondria and Golgi complex, 
as figure 3B shows this phenomenon in co-cultured 
group with LIF. The multivesicular bodies were 
seen in ooplasm of all groups of study with 
different size and shape (Figure 2 A-C and 
3A).The ultrastructure of co-cultured isolated 
follicles in the presence of LIF showed some 
similar characteristic to its control (the co-cultured 
group without LIF). However, some endoplasmic 
reticulum cisterns aligned from the nucleus 
envelope towards the cell membrane as a tubular 
network and others were close to the mitochondria 
and polyribosoms (Figure 2 B and C). The 
germinal vesicle of oocyte had an irregular outer 
border, and uncondensed chromatin (Figure 2D).  
 
The ultrastructure of granulosa and theca cells 
     The granulosa cells had a normal morphology 
and an organelle distribution in all groups of study 
(Figure 4 A-C). Their nuclei were ovoid or round 
with euchromatin in the inner part and small 
peripheral aggregations of heterochromatin and no 
sign of cell death was observed. Most of them 
possessed abundant typical organelles of 
steroidogenesis, including: mitochondria with 
tubular cristae, a well developed smooth 
endoplasmic reticulum and several large lipid 
droplets. These characteristics were especially 
prominent in co-cultured group (Figure 4B and C). 
The theca cells were flattened cells with the same 
organelles distributions in experimental and 
control groups (Figure 4D). 

                    
 

                    
 

Figure 1. Isolated follicle after 4 days culturing in the 
control group without co-culturing (A) and in co-
cultured with granulosa feeder layer (B). 
 
 

 
 

Figure 2. The electron micrographs of the oocyte 
derived from preantral follicles in co-cultured group 
without LIF (A), in co-cultured group with LIF (B), in 
co-cultured group with LIF at germinal stage (C) and in 
co-cultured group without LIF (D); M, mitochondria; 
CG, cortical granules; MV, microvillus; PVS, 
perivitteline space; ZP, zona pellucida; SP, space 
between granulosa cells; G, Golgi complex; LB, 
lamellar body; ER, endoplasmic reticulum; MVB, 
multivesicular bodies; N, nucleus; NE, nuclear 
envelope; MI, cytokeratin intermediate. 
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Figure 3. The electron micrographs of the oocyte 
derived from preantral follicles in co-cultured group 
without LIF (A) and in co-cultured group with LIF (B). 
MVB, multivesicular bodies; CG, cortical granules; IF, 
intermediate filaments; Lip, lipid droplets; M, 
mitochondria; ER, endoplasmic reticulum;  Gol, Golgi 
complex. 
 
 
 
 

 
 

 

Figure 4. The electron micrographs of the granulosa 
cells derived from preantral follicles (A) in control 
group without LIF; (B) in co-cultured group with LIF; 
(C) in co-cultured group without LIF; (D) the electron 
micrograph of theca cells in preantral follicles co-
cultured group without LIF; N, nucleus; M, 
mitochondria; ER, endoplasmic reticulum; Lip, lipid 
droplets. 

Discussion 
 

     Our ultrastructural observations showed that the 
cultured follicles had normal morphology and there 
was no sign of degeneration in any groups of the 
study. In this regards Mazoochi et al previously 
showed that the incidence of cell death during in 
vitro maturation of follicles was not more than that 
in fresh control (23). However, isolated follicles 
cultured in co-cultured system with cumulus cells 
showed some maturation features in oocytes, 
including; more distribution of cortical granules, 
mitochondria (especially around the germinal 
vesicles) and the lipid droplets in vicinity with 
smooth endoplasmic reticulum (SER) cisternae 
compare to control group. 
     We suggest that using cumulus cells derived 
from antral follicles could increase the growth of 
isolated mouse follicles in vitro in a similar manner 
to in vivo. Therefore, using cumulus cells as a 
feeder cells could supplement the culture media for 
follicular growth. In agreement with this result, 
Quinn and Margalit showed that the culture of 
human embryos with their cumulus cells in 
insemination drops of medium produces a 
significantly greater proportion of fully expanded 
blastocysts compare to when the zygotes are 
transferred to fresh culture drops devoid of 
cumulus cells (24). Our observations showed that 
there were many contacts between granulosa cells 
and oocyte via their projections penetrated to the 
zona pellucida. As previously mentioned, the 
quantity and quality of junctional sites between 
oocytes and granulosa cells is very important for 
growth and maturation of oocyte (25, 26).   
     Another ultrastructural phenomenon, which we 
observed in the oocytes of cultured follicles, was 
the abundant mitochondria in the ooplasm and 
their aggregation around the envelope of germinal 
vesicle (GV) especially in both co-cultured groups. 
These observations were in agreement with our 
previous observation which showed that in co 
cultured and LIF treated groups, the size and 
growth of follicle significantly were increased 
compare to non treated groups (22). Increasingly, 
oocytes need the mitochondria during in vitro 
maturation and the number of mitochondria is very 
important for increasing the energy producing 
capacity of growing cells. Mitochondria have a 
vital role in the metabolism of energy–containing 
compounds in the ooplasm to provide ATP for 
fertilization and pre-implantation embryonic 
survival and development. During the transition of 
primary follicles to secondary follicles, the oocytes 
mitochondria become more numerous and are 
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dispersed in the ooplasm. It has known that there is 
a major displacement of mitochondria during 
oocytes maturation that appears to correlate with 
the degree of developmental competence acquired 
by the oocytes.  
     The mitochondria in germinal vesicle oocytes 
(GV oocytes) are mainly distributed adjacent to the 
cortex but they are displaced during maturation to 
give the distinct patterns of mitochondrial 
distribution in metaphase II oocyte. As mentioned 
by Nishi et al (27), the aggregation of 
mitochondria around the nucleus was essential for 
maturation, fertilization and development.   
     In addition, the ultrastructure analysis of 
isolated follicles which were co-cultured in the 
presence of LIF showed some endoplasmic 
reticulum (ER) cisterns aligned from the nucleus 
envelope towards the cell membrane as a tubular 
network and the others were close to the 
mitochondria. Similar observations have been 
reported in the oocytes derived from fresh 
preantral follicles in several types of mammalian 
species (28-32). The role of this contact remains 
unclear. Motta et al (32) suggested that the 
mitochondrial-SER aggregations and 
mitochondrial–vesicle complex could be involved 
in the production of substrate needed for 
subsequent fertilization and early embryo 
development. The well-developed smooth 
endoplasmic reticulum of follicles seems to be 
responsible for lipid biosynthesis and consequent 
lipid droplets formation in later developmental 
stages of oocytes. Furthermore, ER can be the site 
of calcium storage needed for future events of 
oocytes such as fertilization and cortical reaction. 
     The cytoplasmic inclusions of mature oocytes 
of different mammalian species are characterized 
by the presence of multivesicular bodies, lipid 
droplets and myelin figures. They may play a role 
during the maturation of oocytes and in early 
embryo development (33-35). In electron 
micrograph of oocyte of co-cultured follicles, there 
were prominent multivesicular bodies and myelin-
like lamellar bodies; however, there were a few fat 
droplets in the ooplasm of all groups. It seems that 
the lipid content of oocytes in preantral follicles 
was lower than that of mature oocytes which was 
reported earlier (35). However, the fate of lipid 
droplets during the oogenesis and embryogenesis 
in mammals is not clear so far.  
     Myelin figures, as described in follicles of other 
species (33) are thought to represent digestive 
vesicles responsible for degradation of aged and 
non-functional cellular structures. It seems that the 
lamellar bodies or myelin like structure are 

observed in the oocytes since oocyte is a long lived 
cell. The granulosa and theca cells are the main 
sources of steroid hormones. The electron 
micrograph of granulosa cells in our study showed 
a large number of round or cylindrical 
mitochondria with lamellar or tubular cristae as 
well as well-developed smooth endoplasmic 
reticulum tubules especially in co-cultured 
samples. Also, it was shown that the granulosa 
cells used for co-culture system gained 
ultrastructure characteristics typical of 
metabolically active and steroidogenic cells (32, 
36). In conclusion, the oocyte and granulosa cells 
in co-cultured system showed more remarkable 
maturation features than that of control and this 
system could be effective to improve the 
maturation of isolated follicles, although it needs 
further studies. 
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