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ABSTRACT

 Numerous studies reported that vitrification, an ultra-rapid cooling technique, seems to be 
highly effective and could increase oocyte survival rate rather than slow freezing. The successful of 
oocyte vitrification depends on the proper combination of type and concentration of cryoprotectant. 
This study was addressed to determine the effects of the combination of type and concentration of 
cryoprotectants of vitrification media, notably in the embryo development. This experimental research 
was conducted by using oocyte obtained from thirty-two adult female Deutschland, Denken and 
Yoken (DDY) mice (7-8 weeks old). The MII mice oocytes were vitrified within 24 h after retrieval 
using the Cryotop method with cryoprotectants as follow : sucrose (16.5% EG, 16.5% DMSO, 0.5 
mol/l sucrose), trehalose (16.5% EG, 16.5% DMSO, 0.5 mol/l trehalose) and Kitazato. The embryo 
development and morphological grading was observed at 2-cell and 8-cells under reverse phase 
light microscope and inverted microscope. This study demonstrated a good embryo development 
and morphological grading in sucrose and trehalose vitrification media. In embryo development, 
trehalose medium seems more superior compared to sucrose medium, even though Kitazato was 
the most superior compared to both. In the morphological grading, in 2-cells embryo, there were 
no significant differences between the three cryoprotectants, While, in 8-cells embryo, trehalose 
medium appeared to be superior compared to sucrose medium, even though seemed more inferior 
compared to Kitazato. The appropriate type and concentration of sugar as extracellular cryoprotectant 
was trehalose in oocyte vitrification based on embryo development, compared to sucrose.
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INTRODUCTION

 Recently, some in vitro fertilization (IVF) 
centers in worldwide undergo forbidden regulation, 

such as embryo cryopreservation and gamete 
donation. As a consequence, oocyte selection 
and cryopreservation could be introduced as a 
solution.1-7 In addition, other reasons such as 



98 LESTARI et al., Biomed. & Pharmacol. J.,  Vol. 11(1), 97-104 (2018)

cancer, endometriosis surgery and career are also 
convincing the oocyte selection and cryopreservation 
methods to ensure fertility preservation.8

 Slow freezing as one of the oocyte 
cryopreservation method were performing some 
limitations such as low oocyte survival rate,7, 9, 10 
increased risk of oocyte ageing7, 11, 12 and reduced 
embryo development compared to the fresh cycle.7, 

13 In contrast, vitrification as another method of 
oocyte cryopreservation has been suggested by 
other researchers.7, 14 The efficacy of vitrification 
is different from slow freezing based on the oocyte 
physiology.7, 15

 Vi tr i f icat ion can be succeeded by 
performing a proper combination of type and 
concentration of cryoprotectants. Cryoprotectants 
are used to avoid cell damage, while in the same 
time, it could damage the cell too due to the osmotic 
effect and chemical toxicity. There are two types 
of cryoprotectants: intracellular and extracellular 
cryoprotectants. Intracellular cryoprotectants, such 
as dimethyl sulfoxide (DMSO), ethylene glycol (EG), 
and propanediol have been reported to provide good 
result, in contrast to the extracellular cryoprotectants 
(i.e. sucrose and trehalose).16 In addition, the 
certain concentration of intracellular cryoprotectans 
demonstrated a good survival rate (66% with 0.15 
M of trehalose) and also a high cleavage rate (80% 
with 1.0 – 1.5 M of sucrose)17, 18

 Although vitrification had improved, there 
is not any of the most proper combination and 
concentration of cryoprotectants. Currently, studies 
that compare the effects of type and concentration 
of cryoprotectants of vitrification media on the 
embryo development are still lacking. Therefore, the 
purpose of this study was to determine the effects 
of the combination of type and concentration of 
cryoprotectants of vitrification media, on the embryo 
development.

METHODS

Animal, oocyte and sperm treatment
 All procedures on the animals were 
approved by the Ethical Committee of Medical 
Faculty of Universitas Indonesia. Animals were 

maintained in accordance with the Animal Care and 
Use Committee Bogor Agricultural University on 
February 27th, 2017. Thirty-two adult females and 
sixteen adult male Deutschland, Denken and Yoken 
(DDY) mice (7-8 weeks old) were used as oocyte 
and sperm donors. Animals were kept in a room 
at 22°C, under a 12;12-hour light/dark cycle and 
were provided food pellet and water ad libitum. The 
female mice were superovulated by given 10 IU of 
gonadotropin (Gonal F, Serono Ferring, Germany), 
followed by ovulation trigger by given 10 IU human 
chorionic gonadotropin (HCG) (Pregnil, Hoddesdon 
Hertfortshire, United Kingdom) by intraperitoneal 
injection, 48 hours apart.

 The female mice were euthanized at 15-16 
hours after ovulation trigger, by cervical dislocation, 
for oocyte collection. Under dissecting microscope 
(Leica Zoom 2000, Japan), the fallopian tubes were 
expurgated and the follicles or cumulus-oocytes 
complex (COC) obtained were washed with IVF 
culture media (G IVF, Vitrolife, Swedia).

 The oocytes removed from COC by 
denuding process using the hyase enzyme (Hyase, 
Vitrolife, Swedia) through repetitive pipetting, then 
being classified based on metaphase II (MII) phase 
and polar body (PB) extrusion as maturation criteria. 
Prior being transferred into vitrification medium, 
retrieved denuded and matured oocytes were 
placed into IVF culture media dishes (G IVF, Vitrolife, 
Swedia). Eighty four MII stage oocytes were divided 
into four groups and used for vitrification process.

 The same with the female mice, the 
male were euthanized too immediately before the 
warming process, cervical dislocation, for sperm 
collection. The epididymis was excised and the 
sperm were prepared by performing density gradient 
centrifugation (Sperm Grade, Vitrolife, Sweden) 
continued with swim up (Sperm Preparation, Vitrolife, 
Sweden) sperm preparation methods, in order to 
get viable and motile sperms. Density gradient 
centrifugation method was done by performing 
centrifugation (1.500 rpm for 20 minutes) over a 
different gradient of two layers of Sperm Grade 
and sperm layer. The pellet was resuspended and 
centrifuged (1.500 rpm for 10 minutes) using Sperm 
Preparation. Lastly, the viable and motile sperm were 
obtained from the swim up at the top layer.
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Vitrification and warming Solution
 To investigate a direct impact of vitrification 
solution on oocytes collected, one control and two 
experimental groups were formed. In group 1 they 
were vitrified by sucrose, in group 2 by trehalose, 
and in group 3 by Kitazato/commercial agent. Group 
3 acted as the control in which contained vitrified by 
Kitazato oocytes. In group sucrose and trehalose, 
oocytes were vitrified in different vitrification solutions 
(VS): 1). sucrose contains 16.5% EG, 16.5% DMSO, 
0.5 mol/l sucrose (Merck, Darmstadt, Germany); 
2). trehalose contains 16.5% EG, 16.5% DMSO, 
0.5 mol/l trehalose (Merck, Darmstadt, Germany). 
While its warming solution were formed, there were: 
1). WS1a contains 0.3 mol/l sucrose; 2). WS1b 
contains 0.15 mol/l sucrose; 3). WS2a contains 0.3 
mol/l trehalose; and 4). WS2b contains 0.15 mol/l 
trehalose.

Vitrification and warming procedures
 For vitrification, the denuded MII stage 
oocytes were incubated in ES containing 7.5% EG 
(Sigma-Aldreich, Steinhem, Germany) and 7.5% 
DMSO (Sigma-Aldrich) in HM for 10 minutes at room 
temperature.19 After initial shrinkage and recovery, 
the MII oocytes were aspirated and placed into 
the sucrose, trehalose and Kitazato vitrification 
media for 50-60 seconds at room temperature. 
After being confirmed, under observation, that 
oocytes shrinkage had taken place, one until three 
oocytes were aspirated and placed on the tip of the 
Cryotop (Kitazato, Japan).20 Cooling of the oocytes 
was performed by plummeted gently cryotop into 
liquid nitrogen (LN2) within 45 seconds and moved 
to LN2 goblets and placed at -196ºC storage 
containers. Oocytes to be warmed was initiated by 
removing the shielding covering of Cryotops while 
the propylene strips were still in LN2 and followed 
by quick transfer of Cryotop from LN2 into warming 
solution (WS1a or WS1b) for 5 minutes at 37ºC and 
placed into a dilution solution (WS2a or WS2b) for 5 
minutes at room temperature. The morphologically 
normal warmed oocytes were placed 4-5 times into 
PBS (Gibco, New York, USA) and continued for 
subsequent analysis.

ICSI and Embryo culture
 Nearly before ICSI, the obtained sperm were 
placed to a drop which consist of Polyvinylpyrrolidone 
(PVP) (Medicult, Origio) in a ICSI dish. Besides the 

PVP drops, there were also drops which consist of 
GMOPs medium (Vitrolife, Sweden) in ICSI dish, to 
put the fresh and the vitrified oocytes. All of these 
drops were overlaid by liquid paraffin (Medicult, 
Origio).

 In the ICSI procedures, each oocyte was 
injected by a single spermatozoon. The viable 
and motile sperm with normal morphology were 
immobilized by stroking the injecting pipette onto the 
sperm. The oocyte was placed in the 6 or 12 o’clock 
position onto the holding pipette.

 The sperm was aspirated by the injecting 
pipette, then penetrated into the ooplasm at the 3 
o’clock position. The sperm was released into the 
ooplasm, then the injected pipette was revoked 
smoothly from the oocyte. The injected oocytes or 
embryos were placed into drops in the culture dish 
which consist of ISM1 culture medium (Medicult, 
Origio) and stored at 37°C in a triple gas (5% O2, 
6% CO2 and 5% N2) incubator for 3 days.

Embryo development
 Morphological  grading of  embryo 
development was focused on 2-cell and 8-cell 
cleavage, based on scoring criteria of embryo 
cleavage by Veek (1998)21 and Rienzi (2002)22 
(Table 1), which carried out by observation under the 
reverse phase light microscope (Leica IRB, Japan) 
and inverted microscope (Olympus IX81 SF-3, 
Japan). Fertilized oocytes were assessed at 16-18 
hours after ICSI and defined as the appearance 
of two equally sized pro-nuclei, while cleaved 
embryos were evaluated on day 2 (44 – 48 hours 
after insemination) and day 3 (68 – 72 hours after 
insemination) after ICSI.

Statistical Analysis
 A comparison among fresh and vitrified 
groups in terms of cleavage and embryo development 
was performed. The data was statistically analyzed 
using Statistical Package for Social Science (SPSS) 
version 22 with no parametric Mann-Whitney test. 
P-values less than 0.05 were regarded as significant.

RESULTS AND DISCUSSION

 Results of embryo development in 
cryopreservation media were shown in fig. 1. 
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Embryo development was recorded at 2-cells (48 
hours) and 8-cells (67 hours) of cleavage state, the 
result showed there were significant different at all 
of groups during observation. Fig. 1A showed that 
the number of developing embryos forming 2-cells 
and 8-cells were significantly higher in Kitazato than 
in sucrose medium (p=0.02). Embryo development 
forming 8-cells in Kitazato performed significant 
higher than in trehalose medium with p value less 
than 0.05 (p=0.03) (Fig. 1B). However, the number 
of embryos development in 2-cells state in Kitazato 
vs Trehalose was not significantly different. Embryo 
numbers during 2-cells and 8-cells cleavage in 
trehalose were not significantly higher than in 
sucrose medium (p=0.08) as presented in Fig. 1C.

 Our findings about morphological grading of 
embryo in vitrification media demonstrated in Fig. 2 
and 3. In Fig. 2, there were more abundant of Grade I 

embryos to other grades in all of groups significantly, 
even there were no significant differences in embryo 
morphology among groups.

 At 8-cells cleavage state, this study showed 
significant differences in the morphological grading 
of Grades 1 and 5. (Fig. 3) There were significantly 
more abundant of Grade 1 embryos observed in 
Kitazato than in sucrose media (p=0.01). (Fig. 3A) 
In contrast, there were also significantly more Grade 
5 embryos observed in sucrose than in Kitazato 
media (p=0.03). (Fig. 3A) In addition, in comparison 
between Kitazato and trehalose media, there were 
not significant differences. Kitazato showed more 
abundant of Grade 1 embryos observed compared 
to trehalose, while trehalose showed more Grade 
2 until Grade 5 embryos in which not significantly 
compared to Kitazato media. (p=0.07) (Fig. 3B) At 
last, in comparison between sucrose and trehalose, 

Table 1: Scoring criteria for cleaved embryo21

Measurement Grade Description

 Grade 1 Embryo with blastomeres of equal size, no cytoplasmic
  fragments
 Grade 2 Embryo   with   blastomeres   of   equal   size,   minor
  cytoplasmic fragments
Cleavage stage Grade 3 Embryo with blastomeres of distinctly of unequal size,
morphology  none or few cytoplasmic fragments
 Grade 4 Embryo  with  blastomeres  of  equal  or  unequal  size,
  significant cytoplasmic fragments
 Grade 5 Embryo with few blastomeres of any size, severe or
  complete fragments

Fig. 1: Embryo development from fresh oocytes (black), vitrified oocytes by sucrose media (dark 
grey), vitrified oocytes by trehalose media (mid grey) and vitrified oocytes by Kitazato media 

(light grey). A. Sucrose vs Kitazato, B. Trehalose vs Kitazato and C. Sucrose vs trehalose
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Fig. 3: Morphological grading of cleavage embryo at 8-cells from fresh oocytes (black), vitrified 
oocytes by sucrose media (dark grey), vitrified oocytes by trehalose media (mid grey) and 

vitrified oocytes by Kitazato media (light grey). A. Sucrose vs Kitazato, B. Trehalose vs Kitazato 
and C. Sucrose vs trehalose

Fig. 2: Morphological grading of cleavage embryo at 2-cells from fresh oocytes (black), vitrified 
oocytes by sucrose media (dark grey), vitrified oocytes by trehalose media (mid grey) and 

vitrified oocytes by Kitazato media (light grey). A. Sucrose vs Kitazato, B. Trehalose vs Kitazato 
and C. Sucrose vs trehalose

the trehalose showed more Grade 1 embryos 
significantly observed compared to sucrose, 
while sucrose showed more Grade 5 embryos not 

significantly compared to trehalose. (p=0.04, p=0.03, 
respectively) (Fig. 3C) Trehalose appeared to be 
superior compared to sucrose media.
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 The appropriate/suitable combination of 
type and concentration of cryoprotectants is one 
of the approaches in the successful of oocyte 
vitrification.14 Cryoprotectants are high soluble 
and toxic solutions, which are associated with 
concentration and temperature and aim to prevent 
cells from damage during vitrification procedures.23 
According to their ability to penetrate the oocyte 
membrane, there are two types of cryoprotectant, 
first is permeating or intracell cryoprotectant such 
as methanol, ethanol and dimethysulphoxide 
(DMSO) and second is non-permeating or extra 
cell cryoprotectant such as sucrose and trehalose.23 
DMSO was reported to increase the risk for 
polyploidy due to spindle polymerization.24 Besides 
DMSO, ethylene glycol (EG) was reported to be 
used in oocyte vitrification which is related to high 
permeability and toxicity.25, 26

 In this study, we used three cryoprotectants, 
i.e. sucrose and trehalose as homemade vitrification 
media and Kitazato as commercial vitrification 
media. This present study used sucrose vitrification 
medium which is consisting of 16.5% EG, 16.5% 
DMSO, 0.5 mol/l sucrose, while trehalose vitrification 
medium consists of 16.5% EG, 16.5% DMSO, 0.5 
mol/l trehalose and Kitazato vitrification medium 
consists of EG, DMSO, trehalose and hydroxypropyl 
cellulose. In the many publication of successful 
vitrification method, the vitrification medium includes 
EG and DMSO at a concentration of up to 15% 
per each.16, 27 For homemade vitrification media, 
we also used 0.3 mol/l and 0.15 mol/l sucrose for 
sucrose thawing medium and 0.3 mol/l and 0.15 
mol/l trehalose for trehalose thawing medium and in 
warming process. One of the factors that contribute 
in successful of oocyte vitrification is the embryo 
development.

 Overall, this study demonstrated a good 
embryo development and morphological grading in 
sucrose and trehalose vitrification media. (Fig. 1-3) 
This study is in agreement with Borini et al that a 
combination of cryoprotectants were more successful 
compared to a single of cryoprotectant.4 This present 
study showed that in embryo development, trehalose 
medium seems more superior compared to sucrose 
medium, even though Kitazato was the most superior 
compared to both, in embryo development. (Fig. 
1) As explained in method section above, Kitazato 

contains of trehalose as well. In addition, in the 
morphological grading, this study demonstrated 
that in 2-cells embryo, there were no significant 
differences between the three cryoprotectants, even 
though Grade 1 embryos were significantly higher 
compared to other grades. (Fig. 2) Moreover, in 
morphological grading of 8-cells embryo, trehalose 
medium appeared to be superior compared to 
sucrose medium, even though seemed more inferior 
compared to Kitazato. (Fig. 3)

 The newly highlight in order obtaining high 
glass-forming ability, less toxicity and low viscosity 
with a mixture of a cryoprotectant is the elusive goal 
of current vitrification research. High concentrations 
of cryoprotectants together with rapid cooling rates 
are necessary for a successful vitrification, yet there 
is still a possibility causing cryoprotectant toxicity. The 
introduction of cryoprotectants with higher membrane 
permeability, less toxicity, and possible use of 
combinations of non-permeable cryoprotectants, 
overcome cytotoxicity.30 Interestingly, it has been 
reported that oocyte vitrification may not require 
a high concentration of cryoprotectant in the 
vitrification solution.28, 29 In this study, we were 
using 16.5% EG, 16.5% DMSO, 0.5 mol/l sucrose 
and 16.5% EG, 16.5% DMSO, 0.5 mol/l trehalose. 
Various substances including polymers with low 
toxicity have been suggested for this purpose. The 
traditionally utilization either sucrose or trehalose 
seems to be the most appropriate as well as another 
molecules by increasing viscosity such as ficoll. 
They act as an osmotic buffer, preventing ‘osmotic 
shock’ following dilution of the cryoprotectant after 
warming procedure. Nonetheless, non-penetrating 
cryoprotectants can assist vitrification, due to its 
nucleators are extracellular and dehydration allows 
for intracellular vitrification by bound water. Sugar 
involvement in extracellular vitrification may avoid 
cell membrane become touching and fusing to each 
other.31

 This study was the sequence of our 
previous studies that conducted a comparison 
research between the sucrose and trehalose 
cryoprotectant media, based on apoptotic level 
and mitochondrial membrane potential. The result 
of this study was in agreement with our previously 
researches in which the vitrified oocytes using 
sucrose media were potential being injured than 
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trehalose. This study confirmed those reported by 
other authors Crowe JH et al, thus indicating that, 
based on embryo development, trehalose was 
more effective and safe as cryoprotectant than 
sucrose. Numerous studies reported that trehalose 
was superior to another sugar such as in keeping 
membrane stabilization, maintaining liposomes 
stabilization during drying and preserving biologic 
materials.31

CONCLUSION

 In conclusion, the results confirm that 
trehalose was proved as the more successful 

cryoprotectant in oocyte vitrification based on 
embryo development, compared to sucrose. A 
modification of cryoprotectant media as an update 
of oocyte vitrification consisting 0.5 mol/l trehalose 
concentration as extracellular cryoprotectant, 
combined with 16.5% EG and 16.5% DMSO as 
intracellular cryoprotectant, has designed.
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