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1. Introduction

  Cryopreservation is an important tool of assisted reproductive 

technologies, but access to higher efficiency of oocyte cryopreservation 

is still a challenge. The ability to cryopreserve oocytes effectively 

would significantly improve animal breeding programs and biodiversity 

preservation[1]. However, the cryopreservation of bovine oocytes 

remains inefficient, as oocytes have been shown to be highly sensitive 

to both chilling and exposure to cryoprotectant agents[2]. Following 

cryopreservation, the displayed compromised developmental 

competence of oocytes may be due to damages to the meiotic 

apparatus including disorganization of spindle and disappearance 

of microtubules as well as other ultrastructural changes[3,4]. Oocyte 

vitrification caused major ultrastructural alternations in microvilli, 

vesicle formation, mitochondria, and ooplasm of germinal vesicle 

oocytes, which were preserved better in mature oocytes than 

immature ones[5]. The ultrastructural consequences of vitrifying 

meiosis栻 (M栻) bovine oocytes cause alterations in the oocyte after 

thawing [e.g. clustered cortical granules (CGs) rather than solitary 

CGs aligned along the oolemma] which were apparently reflected 
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in subsequent fertilization and embryonic development[6]. The major 

biological change in the oocytes following vitrification, as noted by 

Hyttel et al[6], was loss of peripheral distribution of CGs, typical of 

in vivo matured oocytes and, to some degree, in vitro. Instead, CGs 

clusters were found, and furthermore various degrees of degeneration 

of granules were observed, rendering the oocytes highly penetrable 

susceptible to polyspermy. CGs are the intermediaries to block the 

polyspermy occurring during fertilization[6]. Moreover, it was found 

that exposure to cryoprotectant was able to augment intracellular 

Ca++ and this may operate premature exocytosis of material of 

cortical granular cause to enzymatic changes of the zona pellucida 

and make it harder to bind spermatozoa (zona hardening)[7], which 

inhibited in vitro fertilization (IVF). The timing of the polyspermy 

block was disrupted by premature release of CGs the and the rates of 

polyspermy and subsequently polyploidy increased[5].

  Retinoic acid (RA) is derived from the vitamin A. It is the most 

important retinoid during embryogenesis of vertebrate[8] and in 

mammals, maintenance of pregnancy is strongly dependent on RA. 

It has an important biological function including differentiation, 

cell growth regulation, maturation of oocyte, and development of 

embryo[9-11]. In cells, all-trans-RA is reversibly converted to 9-cis-
RA and other isomers. Both RAs enter the nucleus and bind to 

specific receptors[10]. The presence of both nuclear RA receptors 

(retinoic acid receptor and retinoid X receptor) in the cumulus cells 

and in oocyte till the hatched blastocyst stages[12] indicates that RA 

could play important roles during early embryonic development. In 

cumulus-oocyte complexes (COCs), RAs may adjust transcriptional 

activity and may affect on in vitro maturation (IVM) and latter 

development by direct effect on the oocyte and surrounding 

granulosa cells[10]. Lucrative effects of RAs and retinoids have been 

indicated in bovine oocytes, chiefly on maturation of oocyte and 

embryonic development following IVM[13]. Adding 9-cis-RA to 

the IVM medium within pre-maturation of bovine COCs promoted 

cytoplasmic maturation and embryonic development following 

IVF, such as blastocyst development and hatching rates[10]. It has 

also been expressed that RA may enhance embryonic development 

by oxidative stress prevention[14], and by adjusting the expression 

of some growth factors within maturation doe to its effects on 

mRNA processing and quality[15]. The presence of 9-cis-RA within 

maturation of oocyte allowed perfect CGs migration and the cluster 

formation lining the oocyte cytoplasmic membrane together during 

nucleus progression to the M栻 stage in bovine[16], and canine[17].

  As RA affects on cells to regulate cytoplasmic maturation through 

effects on CGs migration in oocytes during IVM and also, according 

to clustering of CGs after thawing of vitrified oocytes. The goals of 

this study were to evaluate the effects of 9-cis-RA on IVM medium, 

CGs migration and embryonic development (the third day of culture) 

of vitrified matured bovine oocytes.

2. Materials and methods

2.1. Oocyte recovery

  The ovaries of slaughtered Holstein cows were put in normal saline 

solution (9 mg/mL NaCl) comprising antibiotics (100 UI/mL penicillin, 

and 100 µg/mL streptomycin sulfate) and maintained at 30 曟-35 曟 

till COCs were recovered. Washing of ovaries were done twice with 

distilled water and once with freshly prepared normal saline solution. 

The COCs were aspirated from visible 2 to 8 mm follicles through 

an 18-gauge needle which was connected to a 10 cc syringe 

and were recovered into a 50 mL conical tube. Follicular 

fluid containing COCs were put in a collecting medium [tissue 

culture medium-199 (TCM-199) + 25 mM 4-(2-Hydroxyethyl)-1-

piperazineethanesulfonic acid (HEPES) + bovine serum albumin 

(BSA) 0.4 g/L supplemented with 2 UI/mL of heparin].

2.2. IVM

  COCs, whose oocytes were enclosed in a compact cumulus 

associated with evenly granulated cytoplasm, were selected to mature 

in vitro. Every COC was washed three times in a washing medium 

[HEPES-TCM-199, NaHCO3 (2.5 mg/mL), glutamax (5 µL/mL), fatal 

bovine serum (FBS) (10%), penicillin/streptomycin (1 µg/mL)] and 

twice in a maturation medium, which consisted of TCM199, FBS 

(10%), NaHCO3 (2.5 mg/ mL), glutamax (5 µL/mL), gentamicin (50 

µg/mL), human follicle-stimulating hormone (Folltropin) (1 µg/mL), 

human chorionic gonadotropin (5 IU/mL), 17b-estradiol (1 µg/mL), 

and sodium pyruvate (0.22 mM/mL). Maturation was carried out by 

culturing nearly 50 COCs in 500 µL of the maturation medium in 

4-well dishes at 38.5 曟 in 5% CO2 in the air and high humidity for 

22-24 h. For using 9-cis-RA in IVM, it was solved in ethanol, then 

aliquoted, and finally stored at -80 曟 in the darkness.

2.3. Labeling of oocytes with fluorescein isothiocyanate 
(FITC)-lectins for CGs and chromosomal staining

  Following eliminating of the surrounding expanded cumulus cells 

with a narrowed glass pipette, the zona pellucida was removed by 

0.1% pronase. The zona-free oocytes were washed three times, then 

were fixed by 2% paraformaldehyde in a phosphate buffer solution 

(PBS) for at least 12 h at 5 曟 in a 35 mm dish, and finally were 

washed four times in a blocking solution (PBS containing sodium 

azide, and 100 mM glycine). Oocytes in the blocking medium were 

incubated with 10 µg/mL FITC-labeled lens culinaris agglutinin 

(LCA, FL-1041, Vector Labs, Inc., Burlingame, CA, USA) for 15 min 

in the darkness. Propidium iodide was used to stain chromatin, so 
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10 µg/mL propidium iodide was added to LCA-stained zona-free 

oocytes for 5 min. Following staining, the oocytes were washed, then 

5-10 oocytes were mounted between a coverslip and a glass slide that 

were supported by silicone with an antifade mounting medium, and 

the nail polish was used to seal coverslip. Samples were evaluated 

using a laser-scanning confocal microscopy, which was carried out 

by a Bio-Rad MRC 1024 ES associated with a Krypton ion laser for 

the simultaneous excitation of fluorescein for CGs and propidium 

iodide for DNA (488, laser line and 680 DF 32, respectively). The 

digital images were recorded and archived.

2.4. IVF

  Sperm preparation was performed using a swim-up process. Briefly, 

one frozen semen straw of a specific Holstein bull was thawed in a 

pre-warmed water bath and was added to a conical tube including 

1 mL of pre-equilibrated swim-up medium [Alfa MEM, BSA (0.6%), 

epinephrine + hypotaurine + penicillamine (2 µL)]. One hour after 

incubation, almost 700 µL of the supernatant including the motile 

sperm was transferred. Then, the sperms were centrifuged for 7 min 

at 200 g and the upper layer was aspirated to leave a pellet of almost 

100 µL in volume. A hemocytometer was used to determine sperm 

concentration. The COCs were washed in the collecting medium 

twice and then were put in 4-well culture dishes including a pre-

equilibrated fertilization medium [TCM-199, heparin (2 µg/mL), 

BSA (0.6%), gentamycin (50 µg/mL), epinephrine + hypotaurine 

+ penicillamine (2 µL), sodium pyruvate (0.2 mM)] with heparin 

(10 µg/mL). Then, spermatozoa were added at a concentration of 

1×106 sperms/mL in 500 µL of the fertilization medium per each 

well including maximum 20 COCs. IVF had been performed by 

incubating sperms and oocytes together for 18-20 h at 38.5 曟 in 5% 

CO2 and high humidity.

2.5. In vitro culture (IVC)  
            

  To separate cumulus cells, presumptive zygotes were pipetted and 

were washed three times in the collecting medium, and before being 

transferred to droplets, they were washed once in synthetic oviductal 

fluid medium. Culture of embryos were performed in synthetic 

oviductal fluid supplemented with  BSA (0.8%), sodium pyruvate 

(0.33 mM), 1伊×MEM nonessential amino acids (10 µg/mL), 1伊 

MEM essential amino acids (20 µg/mL), glutamine (5 µL/mL), myo-

inositol (2.8 mg/mL), sodium citrate (0.15 mg/mL), and gentamicin 

(25 µg/mL) at 24 h post-fertilization. These IVC droplets (1-2 µL 

per embryo) were provided in 4-well dishes with mineral oil and 

had been equilibrated for 2 h in the incubator before zygotes were 

added. Culturing was performed at 38.5 曟 with 5% CO2 in the air. 

Evaluation of embryonic development was carried out on day 3.

2.6. Oocyte vitrification and thawing

  To vitrification, the matured oocytes were equilibrated at 37 曟 for 

5 min in vitrification solution 1 including TCM-199, ethylene glycol 

7.5% (v/v), dimethyl sulfoxide (DMSO) 7.5% (v/v), and newborn 

calf serum (CS) 20%. Following equilibration, matured oocytes were 

placed into three 20 μL-drops of vitrification solution 2 including 

TCM-199, ethylene glycol 15% (v/v), DMSO 15% (v/v), CS 20% 

(v/v), and sucrose 17.1% (w/v) for 45-60 s  at 37 曟. Finally, five 

oocytes were located on every cryotop (Kitazato Co., Japan) with a 

minimum surrounding of vitrification solution 2 using a narrow glass 

pipette under a stereomicroscope; and then immediately the cryotop 

was immersed into liquid nitrogen. The oocytes were thawed by 

plunging the cryotop into a 2 mL droplet of the thawing solution 

including TCM-199, + CS 20% (v/v) and sucrose 17.1% (w/v) for 

1 min at 37 曟 in a 35 mm petri dish. Then the oocytes were washed 

3 times at 37 曟 in Dulbecco’s phosphate-buffered saline which was 

supplemented with CS 5% (v/v).

2.7. Experiment design

    A total of 120 COCs were randomly selected and divided into two 

groups: control group and treatment group. 60 randomly selected 

COCs of  the control group were matured in IVM medium, and then 

their oocytes were vitrified and thawed, among which 30 randomly 

selected thawed oocytes were stained by FITC-LCA to evaluate CGs 

migration and 30 remaining thawed mature oocyte were used to IVF 

and IVC protocols. Other 60 randomly selected COCs of treatment 

group were matured in IVM medium containing 9-cis-RA, and then 

their oocytes were vitrified and thawed, among which 30 randomly 

selected thawed oocytes were stained by FITC-LCA to evaluate CGs 

migration and 30 remaining thawed mature oocyte were used to IVF 

and IVC protocols.

2.8. Statistical analysis

  The data on CGs migration and development rate (%) were 

submitted to one way analysis of variance (ANOVA) and Duncan’s 

test.

3. Results

  The results of IVC in the control group on day 3 showed that 30% 

oocytes had been developed to 4-8 cells embryos. Oocytes that had 



126 Mojtaba Rashedi et al./ Asian Pacific Journal of Reproduction (2018)123-128

received RA in IVM medium in treatment group showed 40% of in 
vitro embryo production. Statistically, the difference was significant 

(P<0.05). 

  After evaluating CGs migration in vitrified mature oocyte in 60 

oocytes (30 oocytes in control group and 30 oocytes in treatment 

group), CGs distribution were found in four pattern: pattern 1: 

distribution of CGs in the central medullary zone as clusters or 

among the oocyte cytoplasmic membrane and the central zone 

(Figure 1a); pattern 2: complete migration of CGs and formation of 

clusters lining the oocyte cytoplasmic membrane (Figure 1b);  pattern 

3: formation of a monolayer CGs lining the oocyte cytoplasmic 

membrane (Figure 1c); and pattern 4: showing exocytosis of CGs in 

which no CGs or some small clusters were seen (Figure 1d). 

  Pattern 1 was found only in immature oocytes which were not 

matured during IVM, and the rate of this pattern was 10% in both 

groups. Pattern 2 was often seen in oocytes which were matured (M栺), 

but two oocytes in this pattern were completely matured (M栻) which 

belonged to both groups (each group had one oocyte); in the control 

group, this pattern had a 40% occurrence but in the treatment group, 

it was only 20%; the difference was statistically significant. Pattern 3 

was found in oocytes which were completely matured; the presence 

of this pattern was 47% and 70% in the control and treatment groups, 

respectively; the difference was significant. Pattern 4 was observed 

only in one oocyte in the control group; it has a 1.5% occurrence in 

all 60 oocytes which were vitrified (in the control group it was 3%).

Figure 1. Patterns of CGs distribution in vitrified bovine oocytes.

a: pattern 1: distribution of CGs in the central medullary zone as clusters or 

among the oocyte cytoplasmic membrane and the central zone; b: pattern 

2: complete migration of CGs and formation of clusters lining the oocyte 

cytoplasmic membrane; c: pattern 3: formation of a monolayer CGs lining 

the oocyte cytoplasmic membrane; d: pattern 4: showing exocytosis of CGs 

in which no CGs or some small clusters were seen. 

4. Discussion

  RA has been suggested as an important ingredient of IVM medium 

to improve cytoplasmic and nuclear maturation[16,18]. Retinoids 

may adjust transcriptional activity and may affect on IVM and 

further development by direct effects on the oocyte and granulosa 

cells[10]. In this study, the effects of 5 nm of 9-cis-RA on IVM 

of vitrified bovine oocytes were evaluated. CGs migration and 

4-8 cells embryo development were significantly improved by 

adding 5 nM 9-cis-RA. It seems that RA improves developmental 

competence of oocytes by different pathways which enhance 

oocyte maturation, including mitogen-activated protein kinase 

phosphatases[19], antioxidant activity[20], decrease in apoptosis[17], 

increase in midkine which suppresses apoptosis[16], inhibition 

of tumor necrosis factor-α production[21], and effect on follicle-

stimulating hormone or luteinizing hormone receptor expression[22]. 

In vitro 9-cis-RA was not able to improve the vitrified blastocysts 

ability to survive, while it enhanced CGs migration (complete CGs 

migration); therefore, the complete cytoplasmic CGs migration 

of oocytes matured in vitro with 9-cis-RA foretastes the obtained 

enhancement in oocyte developmental competence[16]. RA induced 

CGs migration before maturation; moreover, the CGs migration 

following RA disposal formed a uniform monolayer just beneath the 

cytoplasmic membrane of oocyte with less-clustering, so RA has a 

role in the enhancement of oocyte developmental competence[13]. 

Adding this information together suggests that the effects of RA on 

oocyte maturation and developmental competence obtained in this 

study and previous studies is due to the enhancement of cytoplasmic 

maturation especially CGs distribution. Nevertheless, RA potentially 

can improve nuclear maturation by inducing positive effects on 

microfilaments and cytoskeleton, which affect cellular organelle 

displacement.

  The potential effects of cryodamage on the oocyte cytoplasmic 

function will be inherently related to the stage of the cell cycle since 

the ultrastructural configuration in the cytoplasm is continually 

changing based on the stage of meiosis. This is especially true with 

respect to cytoskeleton distribution and/or function, which is essential 

for normal segregation of mitochondria, chromosomes, spindle 

rotation, cytokinesis, and pronuclei/nuclei formation. Moreover, 

premature CGs release can occur by or during cryopreservation[23]. 

Translocation and release of CGs involves proper cytoskeleton 

function and plasma membrane organization. It has been reported 

that DMSO and 1,2-propanediol exposure during the cooling process 

in oocyte cryopreservation cause premature CGs release and zona 
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hardening, compromising sperm penetration and fertilization; also, 

ethylene glycol causes transient calcium increases in mouse M栻
oocytes, which were able to afford hardening of zona placida, likely 

via operating the exocytosis of CGs, which per se is a calcium-

dependent incident[23]. Vitrifying M栻 bovine oocytes results in 

alterations in the oocyte after thawing such as clustering of CGs 

(rather than the solitary alignment of CGs along the oolemma); in 

vitrified oocytes at 24 h post insemination, polyspermic penetrations 

were seen when vacuoles had degraded CGs content. It is believed 

that this event presents the oocytes highly sensitive to polyspermy. 

And 72 h post insemination, losing cleavage, blastomere 

vacuolization and degeneration were observed in vitrified oocytes[6]. 

Evidently, M栻oocytes had greater resistance to cryopreservation[24]. 

Perfect CGs migration was obtained in canine matured oocytes 

with 5 nM 9-cis-RA, and was consistent with improvement in 

developmental competence. It has been demonstrated that retinoids 

have had lucrative effects on bovine oocytes maturation and 

embryonic development following to IVM[13]. The data in the study 

are similar to those mentioned above, for instance, complete CGs 

migration just beneath the oolemma was observed in vitrified oocyte 

which had received RA during IVM, while vitrified oocytes which 

had not received RA showed little complete CGs migration and 

much clustering. This lack of complete CGs distribution in absence 

of RA was associated with lower in vitro embryo production rate, and 

it reinforces the hypophysis that vitrification increases polyspermy. 

In the study, one oocyte which was free of CGs in the control group 

was found. Probably, this oocyte showed premature CGs exocytosis 

which causes hardening of zona placida and lack of fertilization.

  In conclusion, in the IVM medium 5 nM 9-cis-RA was beneficial 

to IVC and cytoplasmic maturation of vitrified bovine oocytes. It 

seems that oocytes developmental competence is associated with the 

relative CGs migration. However, much more studies are required 

to clarify the mechanisms by which 9-cis-RA affects on the CGs 

migration of oocytes.
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