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ABSTRACT
Thus two conditions are required to allow vitrification, these include an increase in the viscosity and a depression of the freezing temperature. Many solutes do both, but larger molecules generally have larger effect, particularly on viscosity, thus there is a need for appropriate combination of cryoprotectants during vitrification. Vitrification of oocytes was performed using propylene glycol (5M PROH), propylene glycol in combination with sucrose at varying concentrations (5M PROH+0.5M Sucrose/1M Sucrose/1.5M Sucrose/2M Sucrose) and 1.0M Sucrose by the vitrification method. It was concluded that sucrose in combination with propylene gylcol is most efficient at concentration between1.5M to 1.0M. It was also concluded that sucrose aids in maintaining the morphological structure of the oocytes vitrified but at high concentrations has adverse effect on cleavage. Hence sucrose is best used as an additive cryoprotectant when supporting a permeable cryoprotectant which maiantins the integirty of the internal structures through its permeability.
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INTRODUCTION
Vitrification, a recent approach to achieve rapid freezing without the use of a freezing machine was a physical process by which a highly concentrated solution of both permeating and non-permeating cryoprotectants solidified during cooling without ice crystal formation. The solid cryoprotectant retained the normal molecular and ionic distribution of the liquid state and was considered to be an extremely viscous super cooled liquid (Niemann, 1991).

Cryoprotective additives (CPAs) or cryoprotectants are chemicals that reduce the injury to cells during freezing and thawing.  These cryoprotectants were needed during the freezing of tissues and cells in order to avoid damage during freezing and thawing. Though useful, these cryoprotectants at inappropriate molar concentration can cause damage to the cells due to osmotic affects and chemical toxicity. (Gordon, 1994).

Conventional cryoprotectants are glycols (alcohols containing at least two hydroxyl groups), such as ethylene glycol, propylene glycol and glycerol, other cryoprotectants like DMSO, sucrose, trehalose, ficoll have also been used. Dimethyl sulfoxide (DMSO) is one of the most widely used conventional cryoprotectant. Glycerol and DMSO have been used for decades by cryobiologists to reduce ice formation in cattle, sperm and embryos that are cold-preserved in liquid nitrogen. Recently Propylene glycol has also been used (Gordon, 1994).

Characteristics of Vitrification 

Cells were osmotically dehydrated by brief exposure to concentrated solution of cryoprotectants (less than 6M) prior to cooling to minus 1960C. No ice formation in the suspension during the cooling, storage and warming periods is seen. The solutions contained high concentration of one or more permeating cryoprotectants. Each solution required a physiological saline compound. Macromolecules had to be added to increase the ability of the solution to super cool and vitrified (Niemann, 1991).

Men et al., (1997) reported that oocytes exposed to vitrification medium which contained only type of cryoprotectant resulted in very poor post thaw oocytes survival because at higher concentrations it caused membrane damage due to high oocytes swelling. They suggested that a vitrification solution containing both permeating and non-permeating cryoprotectants provided better productions of oocytes during freezing and thus contributing the survival of oocytes.

Rall and Fahy (1985) first successfully vitrified mouse embryos using the vitrification solution containing DMSO, acetamide, propylene glycol and polyethylene glycol and was recorded to show 80 per cent post thaw survivability. The first instance of successful cryopreservation of invitro matured oocytes by vitrification was reported by Hamano et al., (1992) in bovine and observed that 10 per cent of inseminated oocytes developed to the blastocyst stage. 

Various cryoprotectants have been employed in the vitrification process. Hamano et al., (1992), vitrified invitro matured bovine oocytes using 2M DMSO, 1M acetamide and 3M propylene glycol and obtained 10 per cent post thaw development to blastocyst stage.

Ali and Shelton (1993) vitrified day six sheep embryo using 5.5M ethylene glycol and 1M sucrose and recorded a survival rate of 10 per cent invitro.

Nowshri et al., (1994) vitrified mouse oocytes with 4.5M DMSO and 0.5M sucrose and observed 92, 68 and 46 per cent post thaw survivability, cleavage rate and blastocyst development respectively.

In order to examine the chemical and osmotic toxicity of the vitrification solution Papis et al., (1995), compared five vitrification solutions for the cryopreservation of invitro matured bovine oocytes, viz; Dap (2M DMSO, 1M Acetamide, 3M PROH); HVM (2.7M PROH, 1.36 Glycerol, 1M Sucrose); EFS (40 per cent ethylene glycol, 18 per cent Ficoll, 0.3M Sucrose); US14 (5.5 ethylene glycol, 1M sucrose and 5 EBS (4.5M ethylene glycol, 1M 2,3 butanediol, 1M sucrose). After invitro fertilization and nine day co-culture, the developmental rate of oocytes to blastocyst stage was estimated. They reported that VS14 and HVM produce 17.5 and 19.4 per cent blastocysts respectively.

Martinez and Matkovic (1998), designed experiments, to compare two vitrification solutions, viz; Propylene Glycol and ethylene glycol – ficoll – sucrose for cryopreservation of ovine embryos. The pregnancy rates obtained where 28.1 and 40 per cent respectively

Le Gal et al., (2000) vitrified invitro matured bovine oocytes using 20 per cent ethylene glycol and 20 per cent DMSO with 0.3 per cent sucrose and obtained 38, 21.5 and 3.4 per cent fertilization rate, cleavage rate at 48 hours post insemination and blastocyst formation at 24 hours invitro culture respectively. From all the previous studies on vitrification, it was evident that there seems to be some relationship between the higher cleavage rate and the presence of sucrose in the vitrification solution. For this purpose, the study investigated the effect of sucrose on vitrification using propylene glycol (PROH).
MATERIALS AND METHODS
Sources of Oocytes
Ovaries of mature ewes from India were collected immediately after slaughter from the regional (India) abattoir in normal saline supplemented with 10(L gentamycin per 1ml and transported at 37ºC to the laboratory in vacuum flask within one hour. Upon arrival at the laboratory, the ovaries were removed of extra ovarian tissues and washed 2-3 times with tap water and 7-8 times with 0.9% normal saline at 37-38ºC.  The ovaries were then kept in a sterile beaker containing normal saline (37-38ºC) supplemented with 10(L gentamycin per 1ml.

The ovaries were sliced as per the standard slicing technique described by Dutta et al., (1993) and the follicular fluid collected was then transferred into 50 ml sterile conical tube and kept at 37ºC in water bath (10 minutes) for the oocytes to settle at the bottom due to gravity.  The supernatant was then discarded and the pellet was diluted with HEPES buffered Tyrode's Lactate (TL HEPES) and transferred to 2 – 3, 90 mm petridishes for oocyte screening and graded under the stereo zoom microscope. Oocyte grading was done according to Fry et al., (1997) [9].
 In Vitro Culture and Maturation of Oocytes
A & B grade oocytes (18-20 oocytes/droplets) were then transferred to pre-incubated maturation droplets. The oocytes were allowed to mature in vitro for 24-26 hours in CO2 incubator under 5% CO2, 95% relative humidity and 38.5ºC temperature. After 24 hours of in vitro culture of oocytes, the oocytes were examined under the zoom stereomicroscope and assessed for cumulus layer expansion.
Cryopreservation of Oocytes
Cryopreservation of oocytes was performed using propylene glycol (5M PROH), propylene glycol in combination with sucrose at varying concentrations (5M PROH+0.5M Sucrose/1M Sucrose/1.5M Sucrose/2M Sucrose) and 1.0M Sucrose by the vitrification method. The oocytes were vitrified and stored for 3 weeks and then partially dehydrated at room temperature at 5 minutes interval. The oocytes were then placed in drops of freezing media (PBS+5% FCS+Cryoprotectant) containing the cryoprotectant and left 45 seconds for equilibration [18].
Table I: Vitrification Solutions
Loading of the Straws
After equilibration the oocytes were immediately loaded into the middle of a 0.25(l French mini straw.  First 60 (l of the 1.5 M of sucrose was aspirated into the straw followed by 5 mm air space, then 40 (l of freezing media(PBS+5% FCS +vitrification solution)  containing cryoprotectant and 20-25 oocytes, followed by 5 mm air space and finally 60(l of 0.5M sucrose.  The open end of the straw was sealed. The entire operations were carried out at ambient temperature. A total of 350 oocytes were frozen and studied for each group.
Freezing of Straws by Vitrification
After filling, the sealed straws were dipped slowly into liquid nitrogen within 45 seconds and transferred to LN2 goblets and stored at 196ºC in LN2 storage containers for three weeks (figure 1).
Post Thaw Morphological Evaluation of Frozen Thawed Oocytes

After 3 weeks the oocytes were thawed after removal of cryoprotectants, the cumulus oocytes complexes were washed four times in Fertilization Tyrode's lactate solution (TALP) medium and freed from cumulus cells by repeated pipetting. Morphological evaluation was done under zoom stereomicroscope.

Morphologically damaged oocytes which were identified as oocytes with dark granulated or fragmented cytoplasm, indistinct vitelline membrane, widened perivitelline space or fragmented zona pellucida were removed and 10-12 morphologically normal oocytes were selected to be placed in the fertilization droplets. 
Figure 1: Diagrammatic Representation of the Vitrification Protocol
Evaluation of In vitro Fertilization of Frozen Thawed Oocytes

Testes from adult rams collected from the slaughterhouse were washed thoroughly, after removing tunica albugenia, with tap water and 0.9% Saline supplemented with gentamycin. The cauda epididymis was sterilized with 70% alcohol and incised deeply using a surgical blade. 
Then using a syringe the sperm TALP medium was used to collect the seminal fluid. The semen collected were assessed for motility of the sperms and then processed for sperm separation by Percoll method.  
The sperms were layered on the top of the percoll gradient.  The tube was then centrifuged at 800rpm for 30 minutes. The hazy layer was recovered immediately after centrifugation with a sterile pipette. Sperms were again washed with 10ml of sperm TALP at 400rpm for 10 minutes and the supernatant was removed until 100(l was left in the tube. The motility of the sperms was assessed under lower (10x) magnification of the inverted phase contrast microscope. The concentration of sperms was adjusted to 2x10 sperms/ml using haemocytometer.

The oocytes deemed morphologically normal were then used in the investigation of fertilizability of the oocytes. The pre incubated fertilization droplets with oocytes were inseminated with sperms at a concentration of 2-10 sperms/ml.  Now two sets of oocytes were incubated, i.e. freshly harvested oocytes and the thawed oocytes. These oocytes were then incubated with the sperms for 18-20 hrs at 38.5ºC, 5% CO2 and 95% relative humidity. After 24 hours of fertilization, the presumptive zygotes were observed under the zoom stereomicroscope or phase contrast microscope for evidence of cleavage. 

Statistical Analysis

Efficiency of the five vitrification solutions were analyzed using the student’s t test using the INSTAT software and P<0.05 was said to be significant.

RESULTS

All the good quality oocytes (A and B) recovered through the slicing technique were utilized for in vitro maturation. The maturation rate obtained was 76 percent. Assessment of maturation of oocytes was carried out after 24 hours of in vitro culture of oocytes. The oocytes were examined under the microscope and assessed for cumulus cell layer expansion.

Effect of the Vitrification solutions
The post thaw recovery rate obtained for vitrification Solution I (5.0M PROH + no Sucrose), vitrification Solution II (5.0M PROH + 0.5M Sucrose), vitrification Solution III (5.0M PROH + 1M Sucrose), vitrification Solution IV (5.0M PROH +1.5M Sucrose),  vitrification solution V (5.0M PROH +2M Sucrose) and vitrification solution VI (1.0M Sucrose) by vitrification method were 81.2, 87.8, 88.14, 92.43, 88.02 and 86.27 per cent respectively and recovery of morphologically abnormal oocytes of 79.54, 74.05, 69.65, 53.77, 66.25 and 66.05 per cent respectively (Figure 2). The control, non- cryopreserved oocytes showed a higher post thaw recovery rate of 94.52 percent, out of which morphologically abnormal oocytes were recorded to be 42. 77. 
Figure 2: Post Thaw Recovery Rate of morphologically abnormal oocytes for the various Vitrification Solutions

Oocytes were assessed for cleavage and developmental competence for 7 to 8 days post insemination in vitro. The developmental competence was evaluated by assessing the cleavage rate.

Oocytes obtained after the vitrification process, on fertilization, showed that the cleavage rate and the percentage of oocytes developed to the two-cell, four-cell and blastocyst stages were found to be significantly higher in the oocytes frozen in the vitrification solution IV and III( figure 3).
Figure3:  Cleavage Rate of oocytes for the various Vitrification Solutions
Thus the percentage of cleavage rate of oocytes frozen by vitrification method using vitrification Solution I (5.0M PROH + no Sucrose), vitrification Solution II (5.0M PROH + 0.5M Sucrose), vitrification Solution III (5.0M PROH + 0.6M Sucrose), vitrification Solution IV (5.0M PROH +1.5M Sucrose), vitrification Solution V (5.0M PROH +2M Sucrose) and vitrification solution VI (1.0M Sucrose) were 14.92, 20.84, 29.21, 32.54, 21.05 and 17.45 percent respectively (figure 3). However the freshly collected oocytes showed a mean cleavage rate of 59.66 percent which was significantly higher than that of the vitrified oocytes. 
Figure 4:  Comparison of Efficiency of the various Vitrification Solutions

DISCUSSION
Controlled freezers that freeze biological samples using programmable steps, or controlled rates, have been used all over the world for human, animal and cell biology to better preserve the sample in liquid nitrogen. But this process is time combursome and expensive. Vitrification which is a relatively new technique, which provides benefits like its easy and inexpensive to implement methodology and its transportability to the field for samples which require immediate cryopreservation. Vitrification usually requires the addition of cryoprotectants prior to cooling. The cryoprotectants act like antifreeze: they lower the freezing temperature. They also increase the viscosity, thus instead of crystallizing, the solution turns into an amorphous ice, that is, it vitrifies(Bhat and Bhat, 2005)
The phenomena which can cause damage to cells during cryopreservation are solution effects, extracellular ice formation, dehydration and intracellular ice formation. Many of these effects can be reduced by the use of effective cryoprotectants. 

When tissues are cooled slowly, water migrates out of cells and ice forms in the extracellular space. Too much extracellular ice can cause mechanical damage to the cell membrane due to crushing. The migration of water causing extracellular ice formation can also cause cellular dehydration. Thus the vitrification solution used should ensure that extracellular ice formationis reduced.

Thus two conditions are required to allow vitrification, these include an increase in the viscosity and a depression of the freezing temperature. Many solutes do both, but larger molecules generally have larger effect, particularly on viscosity. Those solutes that do, such as dimethyl sulfoxide, are often toxic in high concentration. Thus mixtures of cryoprotectants have less toxicity and are more effective than single-agent cryoprotectants. A mixture of formamide with DMSO, propylene glycol and a colloid was for many years the most effective of all artificially created cryoprotectants (Bhat et al, 2005), thus cryoprotectant mixtures have been used for vitrification.

From the study, it is evident that sucrose on its own is not an efficient cryoprotectant but when in combination with an efficient cryoprotectant such as propylene glycol, it provides a good medium for vitrification.  Thus may be due to the fact that sucrose on its own is non-permeable and solute must penetrate the cell membrane in order to achieve increased viscosity and depressed freezing temperature inside the cell
It was also noted that propylene glycol on its own did not provide good developmental rates (14.92%) but when combined with sucrose, the rate of development was increased ranging from 20.84 to 32.54 percent (figure 4). This can be attributed to the fact that extarcellular ice formation would be higher if propylene glycol is used an dthus causing cell damage and reduce rate of development.
Experiments conducted on the vitrification of in vitro matured bovine oocytes, showed that the concentration of sucrose (1M, 0.67M) in vitrification solutions consisting of a cryoprotectant (ethylene glycol and sucrose) showed that the cleavage rates of 27.7% and 38.0% respectively. This attested to the fact that 0.67M in vitro fertilization was significantly higher than1M (Milyuki et al, 2005).
Similarily from the present study it was found that vitirfication of sheep oocytes using  cryoprotectant (propylene glycol and sucrose) showed a high post thaw recovery rate when 1.5M and 2.0M of sucrose  was employed  but upon analysing the cleavage rate it was found that cleavage was higher when 1.5M and 1.0M of sucrose was used. 
The findings where in line with that of Men et al., (1997) who reported that oocytes exposed to vitrification medium which contained only type of cryoprotectant resulted in very poor post thaw oocytes survival because at higher concentrations it caused membrane damage due to high oocytes swelling. They suggested that a vitrification solution containing both permeating and non-permeating cryoprotectants provided better productions of oocytes during freezing and thus contributing the survival of oocytes.

This indicated that sucrose helps retain the morphological structure of the oocytes during cryopreservation but there seems to be internal cellular damage caused by the high concentration of sucrose. This is evident from the fact that the though the post thaw recovery rate of morphologically normal oocytes was higher when 2.0M  of sucrose was employed, there was a drop in developmental capacity or cleavage rate at that same concentration.

This is further confirmed by the post thaw recovery rate of normal oocytes when sucrose was used as the vitrification solution, which was 66.05% but there was a drop in the cleavage rate at that same concentration (17.45%)
Thus from the study it was concluded that sucrose in combination with propylene gylcol is most efficient at concentration between 1.5M to 1.0M. Thus further equilibration can be carraied out while emplying this vitrification solution based on the sample type. It was also concluded that sucrose aids in maintaining the morphological structure of the oocytes vitrified but at high concentrations has adverse effect on cleavage. Hence sucrose is best used as an additive cryoprotectant when supporting a permeable cryoprotectant which maiantins the integirty of the internal structures through its permeability.
Abbreviations
1. CPA – Cryo-protective Agents

2. PG/ PROH - Propylene glycol 

3. EG - Ethylene glycol 

4. DMSO -  Dimethyl Sulfoxide

5. TL HEPES – HEPES buffered Tyrode's Lactate

6. TALP - Tyrode's lactate solution (TALP)
7. PBS - Phosphate Buffered Saline
8. FCS –Fetal Calf Serum
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Table I: Vitrification Solutions

	S.N
	Vitrification Solution 
	Concentration

	1
	Vitrification  I
	5.0M PROH

	2
	Vitrification II
	5.0M PROH + 0.5M Sucrose

	3
	Vitrification III
	5.0M PROH + 1.0 M Sucrose

	4
	Vitrification IV
	5.0M PROH + 1.5M Sucrose

	5
	Vitrification V
	5.0M PROH + 2.0 M Sucrose

	6
	Vitrification VI
	1.0M Sucrose
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Figure 1: Diagrammatic Representation of the Vitrification Protocol
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Figure 2: Post Thaw Recovery Rate of morphologically abnormal oocytes for the various Vitrification Solutions
[image: image3.png]9 U1 $33A200 Jo a1y ageaea|)

0

IAUOREIIIA

AUORRIYLIIA

AlUORBIYLAA

Il uonesyLIA

JluoneayLIA

jo1u0)

on Solutions





Figure3:  Cleavage Rate of oocytes for the various Vitrification Solutions
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Figure 4:  Comparison of Efficiency of the various Vitrification Solutions
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