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ABSTRACT

Nowadays the strategies have been developed which allow the long-term storage of gametes and embryos. Since
mature oocytes arerare and very valuable cells, so the way that they will produce a higher number of oocytes would
be useful for the reproductive processes of animals and clinical activities. Low success of the methods such as
oocyte cryopreservation led to the focus of research on the freezing of primary follicles containing oocytes in the
ovarian cortex. In this article, we describe the ovarian tissue cryopreservation processes.
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INTRODUCTION

Nowadays, researchers follow the proper procedistestoring gametes and embryos of animals. Moaa ttwo
centuries ago, in 1776, Spallanzani was the forseport that human sperm motility was maintainferaxposure
to low temperatures. one of the important histdrieavents in the cryonics was the discovery of prgtective
property of glycerol for poultry sperm [1]. In 1958herman and Lin reported that the unfertilizedytes of mice
survived after cryopreservation and thawing agaivey used the temperature of -10°C in a mediumatointy 5%
glycerol; however, none of oocytes live in the temgture of -20°C. In 1972, Whittinghaet al., applied
mathematical-based methods of the freezing on emsbof mouse, which eventually led to the birth afthe
mouse embryo was kept in -196°C in liquid nitrog). Freezing of the metaphase Il oocytes have had
disappointing results because of the difficultiegartilization and embryo development. Incomplexecytosis of
cortical granules and hardening of zona pellucigvent sperm penetration into the oocyte; whileré¢his the
possibility of unequal division of chromosomes darthe first division of meiosis [3, 4].

These techniques have also other disadvantagésding: disorder in the cell structure during frieggas the result
of changes in the organization of molecules andrmeties, low success rate of live birfiham transferred frozen
embryos [5], high cost of egg and embryo freezimresses [6], and the low number of antral folcle obtain
oocytes [7]. Low success of the methods mentioeddd the focus of research on the freezing of anynfiollicles
containing oocytes in the ovarian cortex [5, 8]efighare 235000 oocytes in the ovaries of newbduesand about
130000 oocytes in the ovarian follicles in heiff@®% The first report on cryopreservation of ovariissue was
performed in 1950s, during which the mouse frozearian strips were prepared using glycerol aseaqrvative at
a temperature of -79 °C. In that study, the suilviade after freezing of follicle was 5 percent,chese the
temperature drop was not exactly controlled [5].
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The cryopreservation of ovarian and it's replacdiiaedeed, was strongly supported by showing thesiility of
spontaneous pregnancy and birth of live newboshieep [10]. The cryopreservation of ovarian tisgsusheep was
first published by Gosden in 1994.

First, reports on the possibility of maintainindliftular activity was given for humans [11], anddathe live birth
by transferring tissue to donor was reported [1R-TBe cryopreservation of ovarian tissue is inthtb maintain
primary follicles in ovarian cortex. Ovarian tissas/opreservation and its transplantation agaipeisone of the
practical methods to preserve the reproductive lmtipaof women and female animals exposed to rdpobive
damage [14].

» Advantages and disadvantages of cryopreservatiaf ovarian tissue

Facility of obtaining samples without delay, higlhmber of primary follicles population containingoytes in each
ovary, ability of preserving collected samples with fertilization, restarting of hormonal secretiaiter
transplantation, maintaining and restoring repréiseqotential (oocyte of primary follicles, comasmall amounts
of lipids, and have relatively inactive metabolisithey have no division spindle, zona pellucida aodtical
granules, and are highly resistant to freezing) #rel ability of obtaining samples from differenteag(adult,
immature and embryos) are some of advantagdsofitethod. Difficulties of surgery, transplantatiof thawed
ovary, possibility of transferring malignancy, l@uccess rate, difficulties of performing this psg in farms and
the presence of differences between species are sbdisadvantages of this method [15-20].

* Principles of freezing

Temperatures lower than the freezing point willdlega the formation of ice crystals in the freshstiss. Since
biological membranes prevent the formation of icelai in the intracellular components, ice formatimccurs in
the extracellular space. To maintaining long-teitality, living cells must remain suspended foriadefinite time
and then return to the normal metabolism. Extratailice phase will be increased with prolongedicthus the
concentration of salts in the extracellular unfropart will be increased. In the freezing procestdesse changes
are reversed with the thermodynamic equilibriumneetn the intra- and extracellular environments [Edr long-
term preservation of simple or complex cell stroes, liquid nitrogen (-196 °C) is used which thé&acellular
chemical reactions stop at this temperature [5, 18]

The only danger which may occur for frozen cell®NA damage [21]. Adding cryoprotective compoundstte
environment of tissue maintenance, controlling Zneg and thawing rates can reduce cellular damagg [The
greatest risk can occur when temperature decréasd96°C or increases to 37°C. Seeding is esaeutireduce
the temperature changes at the time that the ires@re formed. These changes are due to exothesagtions
(resulted by the formation of ice crystals [5].

As there is lower density in ice crystals than wateey occupy a larger volume than water, thusainages the
intracellular organs. At the freezing perigihice the salts go out from the frozen part ofemahe concentration of
electrolytes and other salts can be increasedriohigh levels, so that it can be toxic to intrdeklr proteins. Thus
avoiding from the formation of ice crystals and tbeic effects of the solution at the freezing pdrare among the
fundamental objectives of a successful cryopresienvd21]. During thawing, the cells are placedtlire washing
solution, so that cryoprotectants can be washed@mdved. It can lead to the conditions opposite/that was at
the time of adding this material. The cells ar®lsn due to the entry of water, and are slowlyusken as a result
of the removal of cryoprotectants. When cryopra@ets and water flow reach equilibrium, cell volugets its
maximum size [23]. When the thawing is rapid, suddeop in extracellular osmotic pressure may lead tapid
transfer of free water into the cell, and then kead to swelling and cell damage; the phenomendohnik called
osmotic shock. When the thawin is done slowly, ¢hsrthe risk of thawed free water and re-crysaaiimn, leading
to further damage. Therefore, all methods of fregzhave used chemical additives, which are known as
cryoprotectants, to prevent cellular damage [21].

» Methods of cryopreservation of ovarian tissue

Important points in tissue freezing include: freggrate, type and concentration of cryoprotectaHtpf the frozen
buffers, inhibitors of apoptosis, thawing raterage temperature, and conditions of adding/cleastggprotectants
[24]. There are three methods of ovarian cryopregEm: slow freezing, glassy freezing (vitrifioati), and ultra-
vitrification. Therefore, it is necessary to set tlate of freezing so that sufficient opportungyprovided for cells
and tissues to go out intra cellular water.
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Slow freezing:

During freezing, cells are faced with the many ftsisstresses (such as changes in membrane petityead cell
volume as well as the formation of ice crystals®][1In this method, this process can be startedh &itlow
concentration of cryoprotectant, and permeable muotectants are used with a concentration of alidutmole
(such as ethylene glycol, dimethyl sulfoxide andpgamediol) [19, 25]. Cryoprotectants are usuallgeatiat room
temperature; then, temperature is gradually lowared -7°C with a speed of -2°C per minute. Durthgs time, the
solution remains liquid. However, there is a podisyiof formation of small ice crystals at thisngerature.

The solutions usually remain at this temperatumiah0-30 minutes so as to be balanced [26]. Alftisrperiod, the
temperature decreases rapidly with a rate of -O@0minute, and reaches to the temperature o€ 48cause the
growth of ice crystals causes a gradual increaghénconcentration of salts in the remaining solutand then
mechanical damage and osmotic stress. Subsequémtijtemperature is lowered to -100°C, and finaillyis
immersed in liquid nitrogen; and the remaining $ioluis converted into solid and glass states. Whele process
takes about 3 hours [21, 27].

The main problem with this approach is the duratdriissue exposure to cryoprotectant, which isesy\time
consuming. The cooling rate, indeed, should be swugh to allow sufficient dehydration and prevent
intracellular freezing; and in addition, it sholdd fast enough to avoid the toxic effects of crgdgectant. Slow
freezing and fast thawing provide the least amadimtracellular ice and causes less damage [28].

 Rapid freezing

Alternative method of slow freezing is very fasédring or vitrification. Penetrating cryoprotectantith high
concentrations (1 to 1.6 mole of ethylene glycolDiSO) is used in this method. Since high conceiotna of
cryoprotectants have significant toxicity, cellsyoat be stored for long periods. The freezing rateery high (-
1500°C per minute), which causes (glass) freeziitout formation of ice crystals [29]. On the otheand, the
rapid decrease in temperature during the transipiemod is likely to reduce the thermal stresshe tells, and
reduces the amount of damage caused by cooling [30]

Today, new freezing containers are used to allaectlicontact between liquid nitrogen and the sotutiontaining
the oocytes; and they usually have very high sertacvolume ratio. This very fast freezing methbdwdd been
have also very fast thawing method, so that then#&bion of ice crystals can be avoided [31, 32]. Hig
concentrations of cryoprotectants such as DMSOaethglene glycol, have higher levels of toxicity aosimotic
damage, which the following ways are used to redheedamage: a combination of several chemical comgs,
the use of less toxic materials, and step-by-stielitian of the cells to the pre-cooled solution3-35].

Vitrification has two important points: the selecti of cryoprotectants, and the appropriate conatotr.

Vitrification solutions often contain permeable @pyotectants (such as glycerol, ethylene glyco? gropanediol),
small disaccharides (such as sucrose, trehalosepgg) and macromolecules (e.g., propylene glyodicle 70,

bovine serum albumin) [36].

» Thawing

Conditions of samples thawing are the same signifie as the freezing. Inhibition of osmotic swejlituring
thawing for prevention of irreversible damage agdarmation of the ice crystals are important gaalthawing the
samples [26]. Following the movement of water angbprotectants from the cell membrane, intracetlutz
formation may be increased. Rapid thawing is ugustter than the slow thawing. The rate of icenihg between
-196°c to -10°c is low; but most of the ice crystare converted into the water between -10°C aedthawing
point. If the sample is exposed to laboratory ctiadj the temperature will increased to -50 °C thséconds. The
washing solutions containing decreasing concepinatof sucrose are used to prevent cell swellinhcdearing the
cells from cryoprotectants [2].

« Cryoprotectant compositions

Cryoprotectants are the chemicals that are disdolwvevater and lower the freezing point. In all @aghey are
called “anti-freeze”, except for the freezing afstiles. These substances may be biochemically dlcabmpounds
such as propylene glycol. dimethyl sulfoxide (DM$@lycerol, methanol and ethanol or carbohydratesh sas
glucose, lactose and sucrose [37].
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* Properties of cryoprotectants
Solubility in water, the effect of reducing thedmng point of water, lack of precipitation andKaxf hydration are
among the properties of a suitable cryoprotectalhtryoprotectants make hydrogen bonds with wi3é&.

» Permeating cryoprotectants:

The best protective materials are permeatable ooyegtants, which are small molecules and passyeasough
cell membranes. The molecular weight of most makeits less than 100 Daltons (39). The role of¢rmsstances
are reducing the formation of ice crystals, redgaehydration of the cells, and decrease theifiggmint of the
mixture in low concentrations; but they can pravde formation of ice crystals in high concentwas. This can
lead to glass solid state, a state in which wateolid, but has no increase in volume. The modtgfavitrification
solutions are these substances that can prevépnfdunation of ice crystals. This group of cryofeotants can also
provide second objective of freezing (i.e., preirenthe effects of solution), that include ethylagigcol, dimethyl
sulfoxide, propylene glycol (propanediol) and ghgdd21, 39].

Table 1: Physical and chemical properties of permegng cryoprotectants

Ethylene glycol Glycerol
Chemical structure /\/OH Chemical structure OH
HO HO OH
Chemical formula CHeO, Chemical formula CsHsOs
Melting temperature -12.9°C Melting temperature 17.8°C
Molar mass 62.07 g moft Molar mass 92.09 g mott
Density 1.1132 g/cm? Density 1.261 g/lcm
Dimethyl sulfoxide Propylene glycol
Chemical structure [ Chemical structure
wcrumeleﬁ. HO/\/
CoW e
1HE 2 pr &l OH
Chemical formula C,HsOS Chemical formula CsHsO,
Melting temperature 19°C Melting temperature -59 °C
Molar mass 78.13 g mof Molar mass 76.09 g/mol
Density 1.1004 g cri Density 1.036 g/lcm?

Table 2: Physical and chemical properties of non-peneating cryoprotectants

Sucrose Trehalose

Chemical structure

~OH OH Chemical structure OH

(izs/o.,( _OH y O,\[,OT .0, O,OH
: O on HO" 0 P oH
du H L

OH oA

Chemical formula C12H22011 Chemical formula Ci12H22011
Melting temperature 186 °C Melting temperature 17.8°C
Molar mass 342.30 g/mol Molar mass 342.296 g/mol
Density 1.587 g/lcm Density 1.58 g/cm
Polyvinylpyrrolidone (PVP) Propylene glycol (PEG)
Chemical structure Chemical structure
Z-:/go H\ »f\ /O}
Q ~ H
) f
Chemical formula (CsHoNO)n Chemical formula CorHan+z0n+1
Melting temperature 150 - 180 °C Melting temperature

Molar mass

2.500 - 2.5000.000 g-mdl

Molar mass

300 g/mol to 10,000,000 g/mg

» Non- permeating cryoprotectants:

They are large molecules that consist mainly of/pers and are added to protective solutions. Thabstances
with the removal of free water inside the cells smintracellular dehydration. These substancesgdikgvinyl
pyrrolidone and polyethylene glycols, are less dakian the penetrating cryoprotectants. They can plevent
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damage caused by the cooling due to increase iaittpof vitrification solutions. There are alsohetr compounds
that directly inhibit the production of ice by bind with ice or materials that accelerate the fdiaraof ice (ice
nucleators); among this group, the polyglycerolL0) and polyvinyl alcohol (X-1000) with low moldear weight
can be cited [39].

These substances are only used in the vitrificatmntions. Non-permeating cryoprotectants plajngportant role
at the time of thawing. During thawing, the watevguced by thawing of ice causes a rapid decreasetiacellular
osmotic pressure. If intracellular cryoprotectazaanot to prevent the influx of free water quicklyough, osmotic
shock, swelling and even rupture of the cell maguoc Thus, the high concentrations of non-permeati
cryoprotectants are used in the stage of thawitthofigh sucrose is the most common material, attsarccharides
may also be used; trehalose is being used foptirigose, recently [21, 40].

CONCLUSION

In recent years, there have been significant adhaircthe field of cryopreservation and utilizatiof mammalian
ovarian tissue. Ovarian tissue cryopreservation imdransplantation appear to provide effective aaliable
methods to preserve the reproductive capabilifigmfale animals and laboratory applications.
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