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ABSTRACT

Oocytes cryopreservation represents a very promiol for medicine and preservation of animal
genetic resources. Assessment of oocytes vialiftar cryopreservation is often based on structural
and developmental criteria whereas metabolism aivéid oocytes is not frequently studied. The aim
of this study was to evaluate the impact of sloeefing and vitrification methods on the ATP
concentration in ovulated rabbit oocytes. ATP cot#®f oocytes were evaluated by measurement of
light emission intensity during the ATP-dependeridation of luciferin by luciferase. ATP levels
were compared between frozen and vitrified oocgfesr 2 hours oin vitro culture and fresh oocytes
as a control. Independently of the cryopreservatimethod used, ATP content per cell was
significantly (P<0.001) lower for cryopreserved gas as compared to fresh ones (6.34+0.39 pmol of
ATP per fresh oocyte). Frozen oocytes showed dfgigntly (P<0.001) lower ATP metabolism than
the vitrified ones (2.93+0.23 and 4.88+0.21 pmoRd®P per frozen and vitrified oocyte respectively).
In conclusion, this study shows that ATP assaynisatiractive tool to evaluate the viability of
cryopreserved oocytes. Moreover, according to theselts, vitrification seems to be a more suitable
method than slow freezing to cryopreserve ovulaibbit oocytes.
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INTRODUCTION

Oocytes cryopreservation represents one of the exa#ing challenges for cryobiologists. It could b
an effective tool for the preservation of womertiligy thereby avoiding embryo manipulation and all
legal and ethical problems involved. Moreover, desycryopreservation would be a very interesting
tool to preserve animal genetic biodiversity in iidd to semen freezing, particularly for the
preservation of rare and endangered species (8halw2000).

In rabbits, the conservation of genetic diversgtyonly permitted by the standard embryo freezing
method at the compacted morulae stage (@bbl, 1998). Since the extension of the French national
cryobanking programs to rabbit species in 2003,entban 17,000 embryos issued from about fifty
different populations were stored in liquid nitrog@-N,). Currently, oocytes cryopreservation is not
used for the conservation of rabbit populationsabiee the fertility obtained after thawing is veopop
whether using slow freezing (Al Hasagtial, 1989; Siebzehnruekt al, 1989; Vincentt al, 1989)

or vitrification (Caiet al, 2005). These results can be explained by oodyitgs sensitivity to cold
temperatures, by oocytes morphological charadiesisind by the lack of knowledge on oocytes
maturation and fertilization (Fabbet al, 2000; Gosden, 2005; Gardnefr al, 2007; Shawet al,
2000). An additional problem in the study of ocosyteyopreservation lies in the evaluation of oogyte
viability after thawing considering spindle and askeleton damages (Vinceettal, 1989; Caiet al,
2005),zona hardeningphenomenon (Fukat al, 1995; Larmaret al, 2006; Matsoret al, 1997) or
fertilizing and developmental abilitiés vivo orin vitro.

Currently, no study has evaluated the impact obprgservation procedures on the oocytes ATP
metabolism. Several studies have shown that uraatittons of mechanical and chemical stress, cells
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release ATP more intensively in the extracellulavienment by a mechanism remaining unknown
(Joseplet al, 2003; Lazarowsket al, 2003). Once ATP leaves the oocyte, it is rapigraded by
ecto-ATPases on the cell surface (Schwiebert areimBesry, 2003). Assessment of cellular ATP
contents may thus provide useful information regydhe metabolic state and the integrity of the
cell. The intensity of luminescence is measuredablgminometer or scintillation counter and is
closely correlated to the ATP content of the cdlgaluation of ATP content was used in a variety of
experiments on human (Slot¢ al, 1990), porcine (Herrickt al, 2003) and bovine (Rieger, 1997,
Stojkovic et al, 2001; Tamassiaet al, 2004) oocytes. Theses studies have underline tha
independently of the considered species, ATP conitenoocytes vary from 0.85 to 2,8 pmol
depending on experimental conditions, stage of matin, physiological status of the donor and
method used.

The objective of our study was to evaluate thectfff slow freezing and vitrification on ATP
contents of ovulated rabbit oocytes.

MATERIALS AND METHODS
Oocytes collection

This study was performed using fertile does froome®rcial genotype that we superovulated with a
commercial gonadotrophin preparation (StimtifdReprobiol, Belgium). Just before injecting, the
hormones were dissolved in 56 ml of a physiolog&aline solution to a final concentration of 9
mg/ml of porcine Follicle Stimulating Hormone. Sixtours before planned ovulation induction, the
does were injected (s.c.) twice daily (12 h inté&syavith different doses of the hormonal preparatio
during 2.5 days: twice 0.5 ml on day 1, twice 1anl day 2 and only one injection of 0.5 ml on
morning of day 3.

Cumulus-oocyte complexes (COCs) were obtained aftarghtering of the donor does at 13 to 15
hours after ovulation induction by an intramusculajection of 1.6 pg of buserelin acetate
(Receptal®, Intervet, France). Genital tracts wiemeediately removed and COCs were recovered
into a Petri dish by normograde perfusion of eagduct with 20 mL of Euroflush solution (IMV
Technologies, France). COCs were counted and mimgically evaluated under stereoscopic
microscope control (G x 10). Only COCs with homogmums cytoplasm and compacted and
multilayered cumulus were kept for the experimé&hie cumulus cells were removed from the oocytes
mechanically after exposure to 0.5% hyaluronidd44272, Sigma, France) in PBS. The corona
radiata cells were not removed in order to limitessive oocytes manipulation which can induce
stress-induced ATP release by the cells. After wngsB times in base medium constituted of Hepes-
TCM199 (M7528, Sigma, France) + 20% Fetal BovineuBe(F9665, Sigma, France), oocytes of
each female were randomly assigned to three expatah groups: control (fresh oocytes), slow
freezing (frozen oocytes), and vitrification grofwdrified oocytes).

Oocytes cryopreservation

Rabbit oocytes were incubated in medium on a wagmlate at 37°C, protected from light until their
cryopreservation according to two different proiscAll cryopreservation procedures including
thawing step were performed at 37°C. For both agegrvation methods, straws were stored in the
LN, for at least 48 h.

“Vitrification groug’ This method was adapted from the report of €kial. (2005) with slight
modifications. In a first step, oocytes were pubase medium supplemented with 10% (v/v) ethylene
glycol (“EG”; E9129, Sigma, France) and 10% (vhijrigthyl Sulfoxide (Hybrimak DMSO, Sigma,
France) for 2 min before their transfer in theifitation solution made of 20% EG, 20% DMSO, 0.65
mol/l Trehalose (T0167, Sigma, France) and 10 md#obll70 (F2878, Sigma, France) in base
medium. Oocytes were quickly mounted in Open PuBigaw (19050/0050, Minitube, Germany) by
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capillarity and plunged directly in LNwithin 35 sec. For thawing, the OPS straws comgirthe
oocytes were directly emptied into a bath contagrxb mol/l Trehalose in base medium during 5
min. The oocytes were incubated successively ieethraths containing respectively 0.3, 0.1 and 0
mol/l Trehalose in base medium at 5 min intervals.

“Slow freezing groupThis protocol was adapted from previous studiék Hlasaniet al, 1989;
Siebzehnruelket al, 1989; Vincentet al, 1989) with some modification. Briefly, oocytes ree
incubated for 15 min into a solution containing Mbl/I 1,2-Propanediol (“PROH”"; 134368, Sigma,
France) in base medium. Then, oocytes were placethe freezing solution including 1.5 mol/l
1,2PROH and 0.2 mol/l Trehalose in base mediunil@min and were mounted in 0.25 ml sterile
French mini straw (ref n°006431, IMV, France) sdaby a sterile plug between two air bubbles.
Then, the straws were placed into a programmalaezér (Cryocell 1200(MV Technologies,
Francé equilibrated at -7°C. After a 5 min equilibratigperiod, the seeding was performed by
touching the straw near the sterile plug with & lpke-cooled forceps until the apparition of thetfir
ice crystals. A second period of 10 min equilibvativas used after the seeding. Then, the embryos
were cooled down to -30°C at a freezing rate of@#&in before plunging the straws into LN
Straws were thawed in ambient air for approximafélyl5 sec before plunging into a water bath at
20°C until the disappearance of ice crystals (allooninute). After thawing, oocytes were washed in
different baths during 5 min at room temperatur@rder to remove the cryoprotectant (1,2PROH)
and rehydrate the cells. So, the embryos were glagecessively in base medium containing 1 mol/l
1,2PROH + 0.2 mol/l Trehalose, 0.5 mol/l 1,2PROBL.2 mol/l Trehalose and 0.2 mol/l Trehalose.

ATP assays

Preliminary works have underlined that 2 hoursrmfubation at 38°C under 5% @ humidified
atmosphere is the optimal time for ATP assessnmeatyiopreserved oocytes. ATP assessments were
performed just after collection for fresh oocytewl after 2 hours of incubation for cryopreserved
oocytes.

Concentrations of ATP were determined using thdummescent somatic cell assay kit FL-ASC
(Sigma, France) as previously described by Stojket/al. (2001). Briefly, samples were rinsed three
times in base medium before being transferred i6 PB4417, Sigma, France) by groups of four to
five oocytes. Then, 50 pl of PBS containing the yteg were transferred into 5 ml plastic tubes
equilibrated on ice (0°C) and 100 pul of ice-coldnstic cell reagent (FL-SAR) were added to all tubes
and the mix was incubated for another 5 min orcald water. Subsequently, 100 ul of ice-cold assay
mix (dilution 1:25 with ATP assay mix dilution beff, FL-AAB) was added, and the tubes were kept
for 5 min at room temperature in the darkness wdathe flash reaction. Then, ATP content of the
samples was measured using a luminometer (LB 95@®r) Berthold France SAS) with high
sensitivity (0.01 pmol). In order to have simultane measurements of sample luminescence, tubes
with oocytes were all measured once and then andemeasure was performed in the reverse order.
The mean of these two values expressed in Relatgl Unit was recorded to establish our final
value. An eight-point standard curve (0-10 pmok{uvas routinely included in each assay. The ATP
content was determined by the formula derived ftbmlinear regression of the standard curve and
the luminescence values. For each modality, a mimnof four ATP assay repetitions were
performed.

Statistical Analysis

The effect of cryopreservation treatment (3 levels ATP concentrations in fresh, frozen and vitdfi
oocyte was evaluated using analysis of varianceQ¥N) with one fixed effect (Statviely SAS
Institute Inc.). Means are presented + standardr esf the mean (S.E.M.) and are considered
significantly different when p values are infertor0.05. Figure 1 shows the ATP levels for frozed a
vitrified oocytes after 2 hours of culture and fremcytes. In comparison with other reports on ATP
assays in fresh oocytes of different species, gabl#ained are higher (Herrigt al, 2003; Rieger,
1997; Slotteet al, 1990; Stojkovieet al, 2001).
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Figure 1: Comparison of ATP content between fresh, frozed witrified oocytes. Different
letters (a, b, c) indicate significant differen¢Bs:0.05)

RESULTS AND DISCUSSION

Unfortunately, no previous report has mentioned Afié® content of rabbit fresh oocytes, but the
difference in ATP levels is probably due to thesarece ofcorona radiatacells around the oocytes.
So, either the cumulus cells have a non negligslé® content or these oocytes have higher
concentrations than the denuded ones. To removedtioea radiata cells, excessive manipulations are
necessary which probably involve a lot of stressased ATP rapidly degraded by the oocytes before
assays (Josepét al, 2003; Lazarowsket al, 2003). Additional experiments will be necessay t
evaluate the mean ATP content of corona radiata aetl denuded oocytes in rabbit species.

Independently of the method used, the cryopreservaias a significant effect (P<0.001) on the ATP
level of freshin vivo matured rabbit oocytes (6.3+£0.4 pmol of ATP peslfr oocyte). This observation
underlines that the cryopreservation process afféxet ATP metabolism of oocytes and suggest that
mitochondria could be altered by exposition to pnpbective agents or temperature variation
including ice crystals formation. Moreover, a sfgrEnt difference in ATP level was observed
between frozen and vitrified oocytes after thawamgl 2 hours of incubation (respectively 2.9+0.2 and
4.9+0.2 pmol of ATP per frozen and vitrified oogyt&o, we can assume that frozen oocytes have
been altered during the interval between their vego and their freezing, while waiting on the
warming plate at 37°C (up to 2 hours), in oppositio vitrified oocytes which were cryopreserved
just after their recovery. Additional measuremdmse been performed showing that the incubation
time of fresh oocytes on a warming plate at 37°@eh@o significant effect on the ATP metabolism,
hereby dismissing the hypothesis described abata (bt shown).

According to this evaluation tool of oocytes vidil vitrification seems to be more adapted to
cryopreservation of mature rabbit oocytes than stmezing. In opposition to slow freezing, the
absence of ice crystals formation during vitrifioat process decreases the risk of mechanical
alterations of cellular structures. Further studies required to evaluate the ultrastructural lesim
mitochondria of frozen and vitrified oocytes to adish a cause-effect relation between cellular
damages and the ATP production in thawed oocytes.

CONCLUSIONS

This study is the first experiment performed witle objective to compare equilibrated freezing and
vitrification for the cryopreservation @f vivo matured oocytes in rabbit species. According teiot
reports (Dinget al, 2007; Gardneet al, 2007; Kuwayama, 2007), vitrification seems totle most
promising method to preserve oocytes allowing trenftion of a glassy state without ice crystals.
Moreover, our results suggest that ATP assay ubinfiminescence represents a useful tool to
evaluate the viability of oocytes after thawing.t®enination of ATP content can be used as a
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metabolic indicator in addition to of morphologicatructural and developmental criteria. This study
is a preliminary work which should be completedaolgitional experiments investigating the spindle
configuration, thezona hardeningphenomenon or then vivo developmental capacity after
fertilization of cryopreserved oocytes at differemtubation time after thawing.
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