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Various culture media along with some supplements and enrichment materials have been suggested for in vitro
maturation. This study aims to investigate the effect of retinoic acid on nuclear maturation of immature mouse
oocytes in vitro. Immature oocytes were obtained from 6-8 weeks old NMRI mice, 48 hours after intraperitoneal
injection of 7.5 units of PMSG. The collected oocytes were divided into two groups: 1. the control group including
the base medium 2. The experimental group including base medium supplemented with 2 μM retinoic acid. 100
oocytes (50 GV oocytes and 50 MI oocytes) were considered for each group. The oocytes of each group were
cultured in incubator with 5% CO2 at 37 ºC for 24 hours. The percentage of immature GV and MI oocytes that
matured into MII oocytes in the experimental and control groups was (50 & 38) and (38 & 28) respectively.
Regarding the maturity of GV and MI oocytes in the experimental group, although the percentage of GV oocytes
transformed into MII oocytes was higher than MI oocytes 50% versus 38%, this difference was not statistically
significant (PV=0. 1). Results of the present study demonstrated that a higher percentage of immature oocytes in
the experimental group matured into MII oocytes. Moreover, GV oocytes are more capable to reach in MII stage
compared with MI oocytes in vitro.
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nfertility is a common medical problem in

disease and is the most common cause of decreased

today's world. Infertility rate has increased by

ovulation in women. It is identified as hyper

50% worldwide from 1955 until now and currently

androgenism, chronic unovulation, oligomenorrhea,

20% of couples suffer from this problem (1). There

amenorrhea, high body mass index, increased LH

are diagnostic and therapeutic methods that tend to

level and store of small follicles as cysts in the

solve this problem and give infertile couples the

ovaries. Women with this disease including a

hope for having children. Polycystic ovarian

considerable percentage of infertile women (2, 3).

syndrome is one of the female infertility factors and

Sometimes Assistant Reproductive Technolo-

several studies have been done to solve that.

gies require increased ovarian stimulation, which

Polycystic ovarian syndrome is a heterogeneous

causes release of premature oocyte. Because of their
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high value for patients, it is need to mature them in

system (11). According to the results of various

the laboratory through maturation process, it may

studies, we can affect immature oocytes by some

led to createspoor quality oocytesin these patients

certain factors to induce them into maturation. This

(4, 5). Therefore, it is necessary to use different in

can be used to increase the chance of success for

vitro maturation methods that have ability to

assisted reproductive techniques. The co-culture

enhance of high quality oocytes for fertilization and

factors were usedin several studies to mature the

embryogenesis (6). Nowadays, induction of oocyte

immature oocytes (12). Modifications used in the

maturation in vitro is one of the methods used in the

medium to increase IVM Success, such as the use of

assisted reproductive technology (7). In vitro

retinoids, which is a large family of natural

maturation (IVM) is an advanced in vitro technique

compounds, are very close to vitamin A (All-Trans

in which immature oocytes are retrieved from

Retinoid) (13). The all-trans type retinoic acid is the

ovarian antral follicles before their growth is

most important retinoid in vertebrate embryogenesis

completed in vivo from unstimulated or slightly

(14). This retinoic and 9-cis are the important

stimulated ovaries. Then, they are cultured for 24-48

regulators of embryonic development and cellular

hours from germinal vesicle (GV) stage to

activity (15). Mohan et al. reported that most nuclear

completion of Metaphase of Meiosis II with polar

retinoic acid receptors including Retinoic Acid

body formation. Such a development is followed by

Receptors (RAR [α, β]) and Retinoic X Receptors

numerous scientific and clinical advantages (8). In

(RXR [α, β]), retin aldehyde dehydrogenase and

vitro maturation may be beneficial for infertile

peroxisome proliferator were detected in bovine

people undergoing in vitro fertilization (IVF).

oocytes, cumulus cells and embryos (16, 17). The

Currently, IVF patients are treated by high doses of

all-trans retinoic acid increases the activity of RAR

gonadotropins to obtain more oocytes. However,

receptor. This receptor has the ability to bind to a

this method may be exposing them in the risk of

specific sequence of DNA called ‘factors of retinoic

ovarian hyper stimulation syndrome (OHSS). In

acid receptor’ it is need to increase or decrease gene

vitro

the

expression and induce differentiation in many cell

gonadotropin injection in these people and prevents

systems (14). Since RA acts to establish or change

such harmful effects. It also leads to less damage,

the pattern of gene expression oncells and because

easier treatment and cost effective for patients (9).

of having antioxidant properties, it can affect

maturation

of

oocytes

reduces

Choosing the appropriate essential medium for

cytoplasmic maturation and ovulation capacity for

IVM is highly important and very difficult.

growth and development. Therefore, this research

Therefore,

studies the effect of 2 μM retinoic acid in meiotic

some

researchers

compared

the

potentials of various culture media (10). Culture

maturation on immature oocytes in vitro.
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media are required to support a long period of in
vitro oocyte maturation.Due to the weakness of

Materials and methods

simple culture media, co-culture is one of the

Animals

methods used to support embryonic development in

This study was conducted using 20 NMRI

cleavage and implantation stage for in vitro

mice with 6-8 weeks old (25-30 g). These animals

production of animal and even human. Some of the

were kept and treated under controlled conditions

advantages of the co-culture system include

(12 hours of light and 12 hours of dark) with

secretion of growth-stimulating factors such as

adequate food ad libitum in the animal house of

nutrients and various substrates, growth factors and

Babol University of Medical Sciences. The mice

cytokines as well as removal of toxins from the

were stimulated for more ovulation through

culture medium by cells present in the co-culture

intraperitoneal injection of 7.5 units of PMSG
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(Pregnant Mare’s Serum Gonadotropin). 48 hours

30 µL droplet for in vitro maturation. GV oocytes

later, the animals were scarified using cervical

with

dislocation. The ovaries were removed from the

transparent layer of zonapellucida

body under sterile conditions and were placed in a

perivitelline space and MI oocytes with broken

previously incubated culture medium (including α-

nucleus with the beginning of meiosis were selected

MEM and penicillin + streptomycin + 5% FBS).

and cultured in two groups as healthy oocytes. They

Then, the additional fat around the ovary was

were cultured in incubator with 5% CO2 at 37 ºC for

removed and the ovary was transferred to a clean

24 hours. Morphologic changes in the nucleus were

drop.The cumulus-oocyte complexes (COCs) of

evaluated with the release of the first polar body

spherical

shape,

clear

cytoplasm

and

with the

germinal vesicle (GV) and MI were taken using
insulin needles. The denuded oocytes were obtained
from COCs through rapid pipetting technique and
the surrounding cumulus cells were removed using
a small pipette (slightly larger than the diameter of
the egg).
The study groups
The immature oocytes (GV and MI) collected
from several female mice were randomly divided
into two the study groups. MI and GV oocytes were
collected and cultured for at least 10 times in each
group.
1-The experimental group: The experimental
group included the minimum essential medium
alpha (α-MEM, 100 mIU/ml FSH, 7.5 IU/ml hCG
and 100 μg/ml penicillin + 50 μg/ml streptomycin +
5% FBS) enriched with 2 μM retinoic acid. The alltrans retinoic acid was solved in 0.2% ethanol (v/v)
and was kept in Eppendorf covered with aluminum
foil in a freezer at -20 ºC. (18).
2- The control group: The control group included
the minimum essential medium alpha (α-MEM, 100
mIU/ml FSH, 7.5 IU/ml hCG and 100 μg/ml
penicillin + 50 μg/ml streptomycin + 5% FBS). We
use 100 immature oocyte (50 GV and 50 MI) per
[ Downloaded from ibbj.org on 2022-08-10 ]

group.
In vitro maturation of oocytes
After separation of oocytes from cumulus
cells, denuded oocytes were transferred to small
drops (10 µL) to be differentiated from MI and GV
stage. The MI and GV oocytes were detected and
separated using an inverted microscope. Then, the
clean and healthy oocytes were transferred to the
culture medium. About 5 oocytes were placed in a

3
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Figure 1. Mouse oocyte maturation stages: A: Germinal
Vesicle ،B: Metaphase I orGerminal Vesicle Break Down, C :
Metaphase II.
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metaphase II (MII) as a measure of nuclear

50

maturation of immature mouse oocytes (Figure1).

40

Statistical analysis

42

30

MI

24
MII

The proportion of immature oocytes reaching

20

MІІ stage was compared among the two groups

10

using t-test. Correlation test were also used to

38 38
28 30

Deg

0
control

evaluate the successful rate of IVM oocytes. The

Retinoic acid

statistical analysis was accomplished using the
Statistical Package for the Social Sciences version

Figure 3. Comparing the maturation of immature oocytes in
the group of immature MI oocytes based on percentage.

22 (SPSS). A value of P<0.05 was considered
statistically significant.

respectively. This difference was not statistically
significant (PV=0.5). In addition, the degeneration

Results

of immature GV oocytes in the experimental and

To study the maturation of immature oocytes,

control group was 20% and 24%, respectively. This

they were divided into two groups: 1. GV and 2. MI

result shows that higher percentage of oocytes was

and were then compared. The investigations in the

degenerated in control group. However, the

experimental and control groups revealed the

difference was not statistically significant (PV=0.4)

following results. In the immature GV oocytes

(Figure 2).

group, the percentage of immature GV oocytes that

In the immature MI oocytes group, the

matured into MII oocytes in theexperimental and

percentage of immature MI oocytes that matured

control groups was 50% and 38%, respectively.

and

Although the percentage of GV oocytes matured in

experimental and control groups was 38% and 28%,

the experimental group was higher, the difference

respectively. Although the percentage of MI oocytes

was not statistically significant (PV=0. 5). The

matured in the experimental group was higher, the

resumption of meiosis or oocyte maturation from

difference was not statistically significant (PV=0.6).

GV stage to MI stage was 12 and 24% in the

Moreover, the ratio of oocytes that stayed in MI

experimental and control groups, respectively and

stage was 24% and 42% in the experimental and

the difference between the two groups was not

control groups, respectively. This results shows that

significant (PV=0.09). This result shows that higher

higher percentage of oocytes stayed in MI stage in

percentage of oocytes in the experimental group that

control group, However, this difference was not

passed this stage and rich to MII oocytes. Moreover,

statistically significant (PV=0.2). In addition, the

the ratio of oocytes that stayed in GV stage was 18

degeneration of immature MI oocytes in the

and 14% in the experimental and control groups,

experimental and control group was 38 and 30%,

transformed

into

MII

oocytes

in

the

respectively. This difference was not statistically
[ Downloaded from ibbj.org on 2022-08-10 ]

60

GV

38

40
24
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significant (PV=0.5) (Figure 3).

50

50

MI

24

14

20

18
12

10

Results of this study demonstrated that retinoic

Deg

acid is competent to improve oocyte maturation,

0
control

Discussion

MII

Retinoic acid

growth and development of mouse immature
oocytes. The number of matured oocytes increased

Figure 2. Comparing the maturation of immature oocytes in
the group of immature GV oocytes based on percentage.

in the experimental group compared with control
group. Therefore, this study aims to present an
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appropriate mouse model with the capacity of in

pathways and all of them have the ability to react

vitro meiosis maturation of oocytes, so that the

with membranes, nucleic acids, enzymes and other

results of this study can be generalized to fertility

small cells (24). Excessive amounts of ROS create

and infertility centers. Retinoids, including retinoic

oxidative stress and may damage molecular

acid (RA), are metabolites of vitamin A and are

structure of oocyte and granulosa cells. ROS

among the essential factors in the fertility of men

accelerates oocyte aging and decreases oocyte

and women (18). It was previously demonstrated

quality (25). Manipulation of oocytes and embryos

that vitamin A participates in regulating the growth

during in vitro maturation and in vitro fertilization

and development of vertebrates, cell differentiation

are with the risk of exposure to high levels of

and tissue function (19). The all-trans type is the

activated ROS samples such that aspiration of

most important retinoid in vertebrate embryogen-

oocytes, fertilization and embryo culture in high-

esis. The differentiation caused by retinoid is

density oxygen can produce higher levels of free

associated with specific changes in the expression of

radicals (26). Since during in vitro oocyte and

homeobox genes, growth factors and their receptors

embryo culture, the level of antioxidant is lower than

(20). The effect of retinoids on the bovine immature

in vivo culture, the defense mechanisms of oocyte

oocytes to improve the cytoplasmic and nuclear

may not be enough to protect its delicate structure in

maturation of oocytes has been investigated in

such condition (26). To protect the oocyte and

recent years. Retinoic acid enrichment before oocyte

embryo

maturation, caused embryo development and growth

antioxidants in culture medium can prevent the

(18). Investigating the effects of retinoic acid on in

overproduction of ROS (27). Adding antioxidants

vitro bovine oocyte maturation, Vahidi et al.

alone is not enough to prevent the destructive effects

demonstrated that 1 µM retinoic acid increases

of ROS. Selecting the right antioxidant and its

bovine oocyte maturation in TCM199 culture

concentration is also important (25). Retinoids, as

medium (21). Nasiri et al. investigated the effect of

antioxidant agents, increases the antioxidant activity

retinoic acid on in vitro maturation and fertilization

in the cell (28). Guerin et al. reported that retinoids

at GV stage and demonstrated that all-trans retinoic

are necessary for oocyte maturation, since they

acid increases in vitro maturation of mouse oocytes

maintain the intrinsic growth of oocytes and the

and improves fertility in a dose-dependent way (22).

level of antioxidants (29).

from

oxidative

stress,

the

use

of

Shuangliang et al. showed that the effects of retinoid

According to the results of Ahlemeyer et al.

metabolites in nuclear maturation, cytoplasmic

retinoic acid plays a role in preventing oxidative

maturation and gene expression of canine oocytes

stress in cell. In living cells, the all-trans retinoic

during in vitro maturation. He demonstrated that

acid is attached to retinoic acid receptors and its

5nM 9-cis all-trans retinoic acid has positive effects

isomer, 9-cis retinoic acid, is specifically attached to

on nuclear and cytoplasmic maturation of canine

retinoid X receptors. However, 9-cis retinoic acid

oocytes and has significant effect on in vitro

activates both RXR and RAR under in vitro

maturation of oocytes (23). Adding antioxidant

conditions. The beneficial effects of RA in bovine

during IVM to improve oocyte maturation rate has

oocytes, particularly in cytoplasmic

been reported in a wide range of species. In vitro

after IVM and embryo quality and development are

culture system produces more oxygen concentration

proved. As important components of IVM medium,

compared with in vivo culture. Reactive oxygen

retinol metabolites are suggested to improve

species (ROS) including superoxide (O2-), hydroxyl

cytoplasmic maturation and embryo development

radical (OH) and hydrogen peroxide (H2O2) anions

(30).

are created in cell through normal chemical

5
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retinoic acid and granulosa cells during in vitro
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