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Abstract 

Background:  In artificial reproductive technique (ART), nearly 20% of human oocytes are immature in the germi-
nal vesicle (GV) phase. Consequently, the best method for reserving them is cryopreserving GV oocytes, and in vitro 
maturation (IVM) is recommended. The aim of this study was to determine the ultrastructure characteristics of fresh 
and vitrified immature human oocytes after in vitro maturation in conditioned mediums.

Methods:  This study was a comparative laboratory study carried out in 2018 at Afzalipur Infertility Center in Kerman. 
170 fresh and 198 vitrified GV oocytes were cultured within three IVM mediums; α-mem as control medium, α-mem 
supplemented with human bone marrow mesenchymal stem cells (BM-MSCs) and α-mem supplemented with 
ovarian growth factors (O.F). After 48 h, the maturation rate and morphological feature of IVM oocytes [132 fresh IVM 
(fIVM) and 134 vitrified IVM (vIVM)] were evaluated. For the ultrastructure study, 10 IVM oocytes from each medium 
were compared with 10 fresh in vivo oocytes cancelled from ART.

Results:  The survival rate of vitrified GV oocyte after thawing was 88.88%. The oocyte maturation rate was reduced 
in vIVM compared to the fIVM group (76.33% vs. 77.95%); the highest oocyte maturation rate in the O.F fIVM and 
lowest in α-mem vIVM (82.35% vs. 71.42%). The lowest number of cortical granules was observed in α-mem vIVM, but 
the greatest presence of M-SER aggregates was in O.F fIVM. In vIVM oocytes, the oolemma contained irregular little 
microvillus organization.

Conclusions:  The O.F mediums have shown the highest maturation which defends the oocyte ultra-structural 
conservation.
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Plain Language Summary 

In artificial reproductive technique (ART), nearly 20% of human oocytes are immature in the germinal vesicle (GV) 
phase. Consequently, the best method for reserving them is cryopreserving GV oocytes, and in vitro maturation (IVM) 
is recommended. This study was a comparative laboratory study carried out in 2018 at Afzalipur Infertility Center 
in Kerman. 170 fresh and 198 vitrified GV oocytes were cultured within three IVM mediums; α-mem as the control 
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Background
One effective method for preserving female fertility is 
oocyte cryopreservation in a clinical trial [1]. On the 
other hand, ethical issues can lead to avoiding embryo 
cryopreservation; accordingly, oocyte cryopreservation 
is a critical technique for returning fertility and offering 
oocyte banks to maintain women’s fertility [2].

In the ovarian stimulation during assisted reproduc-
tive technology (ART), approximately 20% of human 
oocytes are immature; thus, cryopreserving immature 
oocytes in the germinal vesicle (GV) stage and then 
in vitro maturation (IVM) can suggest compensations; 
moreover, the use of immature oocytes for cryopreser-
vation may circumvent some of the limitations asso-
ciated with the vitrification and thawing of mature 
oocytes, specifically relating to the functional integrity 
of the meiotic spindle and policy of resulting embryos 
[3–5]. However, a low survival rate of immature oocyte 
cryopreservation was reported, which is a serious prob-
lem [6].

Nevertheless, vitrified MII oocytes show poor devel-
opmental competence [7]. While the GV stage oocytes 
are as vulnerable to cryoinjuries as the mature stage 
oocytes, some recovery mechanisms may occur during 
culturing in the IVM medium; however, one of the dis-
advantages of GV oocyte cryopreservation is that the 
vitrified GV oocyte must be thawing before IVM [8, 9].

Some factors, such as the oocyte meiotic stages and 
the warming and cooling rates of vitrified oocytes, 
influence the cell’s capacity to survive cryopreservation 
[10]. The disruption of cellular structure and plasma 
membrane and de-polymerization of microfilaments 
or microtubules are common complications of cryo-
preservation; these adverse side effects depend on the 
kind of cryopreservation protocols, the developmental 
stage and maturation mediums are changed [10, 11].

There are no general IVM protocols; in order to reach 
better outcomes, numerous alterations, such as cycle 
monitoring and purifying culture conditions, have been 
recommended [12]. Mesenchyme stem cells (MSCs) 
originate in various tissues, including bone marrow and 

placental tissue, which can be used for potential pro-
gressive therapy [13].

In vitro studies have shown that bone marrow stem 
cells actively prevent the function of several immune cells 
through secreted growth factors, cytokines and enzymes; 
similarly, ovarian growth factors mediums might pro-
vide beneficial elements to the culture medium, counting 
vitamins, cytokines and amino acids, which affect serum 
component that useful for oocyte nuclear maturation and 
cytoplasmic development [14–16].

Several studies showed an association between the rate 
of fertilization with IVM oocyte morphological quality. 
Nevertheless, phase contrast microscopy could not reveal 
analytical signs of oocyte quality and cytoplasmic devel-
opmental capability. In contrast, electron microscopy 
can be an effective device for assessing the ultrastructure 
features of IVM oocytes [17, 18]. The aim was to deter-
mine the ultrastructure characteristics of fresh and vitri-
fied immature human oocytes after in vitro maturation in 
conditioned mediums.

Methods
Study period and patients
This study was a comparative laboratory study carried 
out in 2018 at Afzalipur Infertility Center in Kerman. A 
total of 368 germinal vesicles (GV) oocytes were obtained 
from 184 patients (18–46  years old) who practised an 
ICSI cycle. All the patients underwent evaluation by the 
Kerman Medical University’s Ethical Committee and 
were admitted to Afzalipour Hospital of Kerman, Iran.

Ovarian stimulation
Ovarian stimulation was attained by long protocol via 
administration of a combination of (GnRH) gonadotro-
pin-releasing hormone and follicular stimulating hor-
mone (FSH). Following follicular growth via transvaginal 
ultrasound, when adequate matured follicle was reached, 
injection of human chorionic gonadotropin (hCG) (Swit-
zerland, IBSA Co) 10,000  IU was started; 36 h later, the 
oocyte collection was carried out through laparoscopy 
[19].

medium, α-mem supplemented with human bone marrow mesenchymal stem cells (BM-MSCs), and α-mem supple-
mented with ovarian growth factors (O.F). After 48 h, the maturation rate and morphological features of IVM oocytes 
were evaluated. For the ultrastructure study, 10 IVM oocytes from each medium were compared with 10 fresh in vivo 
oocytes cancelled from ART. The survival rate of vitrified GV oocytes after thawing was 88.88%. The oocyte matura-
tion rate was reduced in vIVM compared to the fIVM group (76.33% vs. 77.95%); the highest oocyte maturation rate in 
the O.F fIVM and lowest in α-mem vIVM (82.35% vs. 71.42%). The lowest number of cortical granules was observed in 
α-mem vIVM, but the greatest presence of M-SER aggregates was in O.F fIVM. In vIVM oocytes, the oolemma con-
tained irregular little microvillus organization. The O.F mediums have shown the highest maturation with defending 
the oocyte ultra-structural conservation.
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Oocyte preparation
Cumulus oocyte complexes (COCs) were picked up and 
transferred in G-IVF (Vitrolife, Sweden) culture medium 
under mineral oil (Vitrolife, Sweden) for 2–3 h in an incu-
bator. The COCs were denuded via mechanical pipetting 
dissection using 80  IU hyaluronidase (Sigma Co, USA). 
Nuclear maturity of the denuded oocytes was assessed 
under the dissecting microscope, according to that be the 
presence of the first Polar Body (PB); accordingly, oocytes 
were classified as immature (GV or MΙ) or mature (MII). 
MII oocytes were used for IVF or ICSI procedures and 
GV oocytes, vitrified or fresh, were cultured in vitro [8].

Germinal vesicle oocytes were studied in six groups 
after being denuded. For the first two groups, 1: fresh GV 
oocytes were matured in three vitro maturation mediums 
called (fIVM). 2: GV oocytes were vitrified and then mat-
urated after thawing (vIVM). Both of them were matu-
rated in three vitro maturation mediums.

IVM mediums
Three types of IVM culture mediums were used in this study

(Medium 1) as the based control medium: is Alpha 
Minimum Essential Medium (α-mem) [20].
(Medium 2) α-mem + supernatants derived from 
human bone marrow mesenchyme stem cells (B.M) 
α-mem + supernatants derived from human bone 
marrow mesenchyme[21].
(Medium 3) α-mem + ovarian factor (O.F) includ-
ing: [3 ng/ml of BDNF, 100 ng/ml of IGF-I, 1 mg/ml 
of estradiol, 30  ng/ml of GDNF, 10  ng/ml of leptin, 
0.5 ng/ml of FGF2] [15].

Vitrification
The germinal vesicle oocytes were put in the first medium 
containing Ham’s F10 medium + 20% human serum albu-
min (HSA) (Plasbumin Co, USA). Next, they were trans-
ferred in an equilibration solution (ES) containing 7.5% 
dimethyl sulphoxide (DMSO) with 7.5% ethylene gly-
col (EG) at room temperature for 10  min. Finally, these 
oocytes were removed to the vitrification solution (VS) 
containing 0.5  mol/l sucrose with 15% DMSO and 15% 
EG for 50–60  s at room temperature. Then the vitrified 
oocytes were placed on the cryotops (Vitrolife, Sweden) 
and placed into the fluid nitrogen storage tank instantly 
for reserving several months [5].

Thawing
The thawing process of the vitrified oocytes was done 
in the thawing solution [Ham’s F10 medium containing 
20% (HSA) as a based medium] through locating these 
oocytes in different mediums in four steps: first step: 

1.0  mol/l sucrose for 50–60 s, second step: 0.5  mol/l 
sucrose for 3 min, the third step: 0.25 mol/l sucrose for 
3  min and finally these oocytes were located in Ham’s 
F10 medium with 20% (HAS) for 3–5  min. Conse-
quently, the oocytes were placed randomly in one of the 
three IVM mediums for 48 h in an incubator. Then the 
oocyte viability was assessed by stereomicroscope [4, 
22].

MSC isolation and culture
Human bone marrow mesenchymal stem cells were pro-
vided from Afzalipour Kerman Medical University (Ker-
man-Iran) (α-mem) as the based control medium. These 
cells were cultured and Vitrified according to Ling’s 
method [23]; human bone marrow mesenchymal stem 
cells were washed with phosphate buffered saline (PBS) 
containing 100  mg/ml streptomycin (Gibco), 100 U/ml 
penicillin (Gibco) and collagenase I (Sigma), then, these 
cells cultured in α-mem medium (α-mem, Gibco) supple-
mented with 10% FBS (Gibco), 100 mg/ml streptomycin 
(Gibco) and 100 U/ml penicillin (Gibco), in the incuba-
tor. The medium was changed, and they were trypsinised 
after attaining complete cell confluency. After changing 
the medium and gathering supernatant, it was filtered 
with a 0.2 µm membrane for immediate use [8].

Electron microscopy
To examine the oocyte ultrastructure by transmis-
sion electron microscopy (TEM), 10 numbers IVM 
matured oocytes (MII) from each medium were com-
pared with in-vivo MII oocytes from patients that were 
cancelled ICSI. For the TEM study, the oocytes were 
prepared according to Nottola et  al. method [17]. The 
oocytes were fixed in a solution of glutaraldehyde 1.5% 
(Sigma, USA) within 0.1  M phosphate-buffered saline 
(PBS) for 2–5  days at 4  °C; these oocytes were washed 
by PBS buffer for 10  min; next, the oocytes were fixed 
in a solution of osmium tetroxide 1% (Agar, UK) within 
PBS buffer away from the light, then the oocytes washed 
again in PBS buffer. They were put in small thin blocks 
of agar 1% (Sigma, USA) for facilitating oocyte removal. 
The oocytes were dehydrated in rising ethanol concentra-
tions, immersed in propylene oxide for solvent replace-
ment and completely embedded in Epon 812 resin (Agar, 
UK). Semi-thin sections  (0.5–1  μm thickness) were 
stained with toluidine blue for light microscopy evalu-
ation (Zeiss, Germany). Ultrathin sections  (60–80  nm 
thickness) were provided, and then uranyl acetate (7 min) 
and lead citrate (13 min) were stained. Finally, these sec-
tions were photographed at 80 kV by TEM (Zeiss, Ger-
many) [9]. The oolemma integrity, zona pellucida (ZP), 
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perivitelline space (PVS), quality of the cytoplasmic orga-
nelles and presence of polar body were assessed by light 
microscopy and TEM [9].

Statistical analysis
Differences in the ultra-structural parameters in 
matured oocytes between the groups were compared 
using the χ2 test in SPSS software (Version 21, USA). A 
p-value of < 0.05 was considered statistically significant.

Results
After thawing, the viability of vitrified oocytes was eval-
uated. 22 Vitrified GV oocytes were degenerated out of 
a total of 198 Vitrified GV oocytes, therefore 176 alive 
thawed oocytes entered to maturation media (Table 1).

Oocyte maturation after 24 h in IVM medium
In medium1 (α-mem): Oocyte maturation rates were 
reduced in vIVM (71.4%), compared to fIVM (72.5%), 
while in medium2 (α-mem + supernatants derived from 
human bone marrow mesenchymal stem cells), rates 
of oocyte maturation in vIVM (77.9%), in compari-
son with, fIVM (78.9%) and maturation rate in ovarian 
growth factor (O.F) mediums were significantly higher 
than those of mediums (82.3%) (p < 0.05) (Table 2).

Ultrastructure of MII oocyte
The oolemma of control MII oocytes which were con-
tinuous and contained several long thin microvilli, were 
regularly dispersed on this oolema, except in the region 
of polar body extrusion.

The zona pellucida (ZP) was composed of a thor-
oughly packed electron-dense fibrilar substantial (Fig. 1). 
The perivitelline space (PVS) was constant, with occa-
sional debris (Fig.  1). Round cortical granules with an 
electron-dense arrival were located directly underneath 
the oolemma. The widespread of the oocyte organelles 
involved aggregates of smooth endoplasmic reticulum 
(SER) enclosed by round or oval-shaped mitochondria 
(M-SER aggregates) (Fig. 1).

Ultrastructure of M‑II oocyte in both mediums
This study noticed that the number of cortical granules 
was reduced in vIVM oocytes compared to fIVM, as 
fewer cortical granules occur in vIVM in mem medium. 
Also, the greatest presence of M-SER aggregates in fIVM 
was in the ovarian factor culture medium (Fig. 2).

Ultrastructure of MII oocyte in the fIVM and vIVM group
Assessment of semi-thin sections under the light micro-
scope often exposes structural impairments unnotice-
able by stereomicroscope that showed minor differences 
between vitrified and fresh IVM oocytes, such as irreg-
ular shape and larger perivitelline space within vIVM 
groups. No significant differences in size, shape and total 
organelle distribution were found between fresh and 
vitrified oocytes. In vIVM oocytes, the cortical gran-
ules presence was less than in fresh oocytes (Fig.  2). 
The zonapellucida thickness of the vitrified oocytes was 
increased. The oolemma was unbroken and continuous 
in the IVM oocytes inside both mediums detected. The 
oolemma had some long microvilli in fresh IVM oocytes, 
while in vitrified IVM oocytes, the little microvillous was 
irregular (Fig. 2).

Mitochondria-smooth endoplasmic reticulum (M-SER 
aggregates) were different in shape and size between 
fIVM and vIVM groups; consequently, in vIVM groups, 
the mitochondria were oval or slender in shape and 
smaller in size than fIVM (Fig. 3).

Discussion
Cryopreservation of immature human oocytes and 
in vitro maturation (IVM) is the best choice for conserva-
tive IVF treatment. The advantages of IVM are avoiding 
side effects of ovarian hyperstimulation drugs, ovarian 
hyperstimulation syndrome (OHSS) and simple proto-
col that reduces infertility treatment costs [6, 24]. In this 
study, the maturation rate of oocytes was reduced in the 

Table 1  The survival rate of vitrified GV oocyte after thawing

Variable Fresh GV oocyte Vitrified GV oocyte

Total GV oocyte (n) 170 198

Degenerated oocyte after 
thawing (n)

– 22

Survival rate after thawing (%) – 88.8%

Total IVM oocyte 170 176

Table 2  The maturation rate and nuclear maturation stage of 
oocytes in groups

*p < 0.05

Groups of 
IVM

Number 
of IVM GV 
oocyte

Arrest in 
GV stage

Arrest 
in GVBD 
stage(n)

Oocyte 
maturation 
rate (%)

fIVM in 
α-mem

62 7 10 72.5

vIVM in 
α-mem

63 15 3 71.4

fIVM in B.M 57 9 3 78.9

vIVM in B.M 59 7 6 77.9

fIVM in O. F 51 3 6 82.3

vIVM in O. F 54 5 6 79.6

p value 0.503 0.418 0.221 0.000*
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Fig. 1  General fine structure and organelle microtopography are shown by transmission electron microscopy. Control oocyte (a), fIVM α-MEM (b), 
vIVM α-MEM (c), fIVM B.M (d), Vıvm B.M (e), fIVM O.F (f), vIVM O.F (g). Transmission electron microscopy (TEM) shows the general morphology and 
organelle microtopography. O oocyte; ZP zonapellucida; m microvilli

Fig. 2  Ultrastructure of control oocyte (a), fIVM α-MEM (b), vIVM α-MEM (c), fIVM B.M (d), Vıvm B.M (e), fIVM O.F (f), vIVM O.F (g). Round cortical 
granules with an electron-dense arrival located just underneath the oolemma. The number of cortical granules was reduced in vIVM oocytes rather 
than f IVM. Note the increased compaction of the inner aspect of the ZP in vIVM groups. Several long Microvilli are seen in the control oocytes (a) 
and fIVM O.F (f). Also, long microvilli were dispersed on the oolemma of fresh IVM oocytes (b, d, f) rather than in vitrified IVM oocytes (c, e, g), while 
in the vitrified IVM oocytes, the oolemma was determined to have irregular and little microvillous arrangements. ZP zonapellucida; mv microvilli; 
CG cortical granules; PVS perivitelline space
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vIVM compared to the fIVM group (76.33% vs77.95%), 
with the highest maturation in O.F fIVM oocytes and the 
lowest in α-mem vIVM (82.35% vs71.42%); accordingly, 
maturation rate in ovarian growth factors mediums was 
higher than α-mem medium in fresh and vitrified groups. 
Ling et  al. indicated that conditioned medium (CM) 
of Mesenchymal stem cells (MSCs) produced a higher 
oocyte maturation rate (91.2%) than α-MEM (63.5%) in 
mice [23]. Their results differ from our outcomes, which 
may be due to differences in the method of culture of 
CM, source of Mesenchymal stem cells and oocytes spe-
cies. Also, Shahidi et  al. described that the maturation 
rates of their human GV oocytes were higher in fIVM 
than vIVM (75.33% vs. 45.92%) [18], which are in agree-
ment with our findings, nevertheless our maturity rates 
following IVM were higher, which is maybe due to vari-
ances in the IVM mediums. Recent studies showed that 
cryotop vitrification is a prospective cryopreservation 
technique which prominently improves the maturation 
and good survival rate of oocytes; our current data is also 
consistent with that of Fasano et al. [3].

Ultrastructure of M‑II oocyte in both mediums
Bone marrow mediums improved the rate of in  vitro 
oocyte maturation and oocyte viability after thawing bet-
ter than α-MEM. On the other hand, Parekkadan et  al. 

showed that almost 30% of MSC-CM consisted of an 
enormous variety of molecules involved in immunomod-
ulation and chemotactic cytokines and growth factors as 
potential mediators of the therapeutic effect of Mesen-
chyme condition medium [21].

Ultrastructure of M‑II oocyte in fIVM and vIVM group
The results indicated that the maturity was greater in 
fIVM rather than vIVM. The vitrified IVM oocytes 
seemed regular shape and ooplasm uniformity under 
light microscopy examination, as in the fresh IVM 
oocytes in both groups. According to some studies in 
agreement with ours, good conservation of vitrified 
oocytes and conservation protocols does not significantly 
damage oocyte features [17, 25, 26]. On the other hand, 
Boonkusol et  al. noticed that the vitrification process 
affects ultra-structural conditions of the mature oocyte 
[27]. Their outcomes are different from ours, which may 
be due to differences in the source of oocyte and oocyte 
meiosis stage, which were vitrified and similar to our 
findings.

Moreover, the microtubular spindle damage during 
cryopreservation in human GV oocytes is less than in 
mature oocytes [9, 22], which could indicate the reason 
for the high survival and maturation rate in vitrified GV 
oocytes in this study. In vIVM oocytes, the presence of 

Fig. 3  Control oocyte (a), fIVM α-MEM (b), vIVM α-MEM (c), fIVM B.M (d), Vıvm B.M (e), fIVM O.F (f), vIVM O.F (g). Mitochondria are generally rounded 
and provided with few peripheral or transverse cristae. Note the presence of complexes between mitochondria and vesicles of SER (arrows). The MV 
complexes were increased in IVM oocytes; Mitochondria-smooth endoplasmic reticulum (M-SER aggregates) varied in size and shape. SER smooth 
endoplasmic reticulum; M mitochondria; M-SER Mitochondria-smooth endoplasmic reticulum aggregates
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cortical granules is less than that in fIVM. Several stud-
ies support our results for ZP hardening and a decrease 
in the number of cortical granules after vitrification, 
similar to other findings [4, 28–30]. This study detected 
that both fresh and vitrified IVM oocytes were bounded 
by continuous oolemma. This finding was in agreement 
with Khalili et al. and Notolla et al. [5, 17].

On the other hand, microfilaments are involved in 
fertilization development and cleavage rate, which can 
be improved by cry protectants and cooling [11]. Rojas 
et  al. detected that the variation in spindle microtu-
bules and absent microfilaments occurred after vitri-
fication [10]. In this study, in fIVM oocytes some long 
microvilli were dispersed on the oolemma rather than 
vIVM oocytes determined to have irregular and little 
microvillus arrangements; this was in agreement with 
Notolla et  al. [17]. After cryopreservation, oocytes 
must recover the cytoskeleton damage that might affect 
cell division and survival [30]. Swain et  al. showed 
that the cause of fewer fertilization rates and devel-
opmental potency of cryopreserved oocytes might be 
unsuitable microvilli distribution [31]. Shahedi et  al. 
described that in vitrified IVM oocytes, the differences 
in M-SER aggregates are probably due to ethylene gly-
col (EG) in the vitrification process, not the cryo injury 
during vitrification [26]. In fIVM and vIVM oocytes, 
the mitochondria structure and mitochondria–vesicle 
complexes were similar in agreement with Nottola et al. 
results [17]. The variations in the M-SER aggregates 
organization and Mitochondria may lead to a disorder 
in calcium homeostasis that influences reproduction 
outcomes by controlling the offers of calcium concen-
trations and adenosine triphosphate (ATP) manufac-
ture [32, 33].

On the other hand, Jones et  al. noticed that within 
cryopreserved human oocytes, mitochondria couldn’t 
form normal aggregates and ATP production; but may 
have a reduced capacity to control intracellular free cal-
cium levels [34]. According to this study, these proper 
mitochondrial structural may reflect that human oocytes 
could be more tolerant to vitrification; similarly, Izadi 
et  al. showed that in mouse oocytes, too, mitochondria 
maintain good tolerance against vitrification [9]. Also, 
differences in M-SER aggregate sizes and shapes showed 
marks of injury in SER tubules and mitochondria, which 
could adversely affect fertilization and developmental 
competence [35].

Limitations
The most important limitation of this study was the lack 
of access to the larger sample volume used in this study 
and the loss of 22 vitrified GV oocytes.

Conclusion
The vitrification and IVM of human GV oocytes are 
safe methods for fertility preservation by protecting the 
cytoplasmic ultrastructure. The ovarian factors IVM 
mediums showed better maturation and cytoplasmic 
development by oocyte protection from any cryo-dam-
age than other mediums. The proposed may be suitable 
candidate media for oocyte culture in IVF.
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