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The aim of our paper was to make a series of exparis in order to determine the
concentration at which four cryoprotectants (DMS€ycrose, Ficoll 70 and

galactose) singly and in pairs would vitrify on pging into liquid nitrogen and

remain vitreous when thawed in water bath. As patiay cryoprotector we used
DMSO (MW=78.13 Da, Sigma D5879) and as nonpeneigatiryoprotectors we

used sucrose (MW=342.3 Da, Sigma S7903), Ficol(M®&/= 60,000-80,000 Da,

Sigma F4375) and Galactose (MW = 180,16 Da; Sigm@l&2). For DMSO there

were tested concentrations from 1M to 6.5M, withaemtrations step of 0.5M. For
the nonpenetrating cryoprotectors there were testedcentrations of 5%, 10%,
15% and 20%. There were a total number of 168 mwisttested. The solutions
vitrification ability on freezing was tested by elit plunging into liquid nitrogen at -
196°C. Three thawing temperatures were tested 2@®C and 37°C. The

concentration at which DMSO solutions passed intieous state was 5M, but at
thawing none of them remained vitreous at thawin@pen pairs of cryoprotectors
were tested 67 solutions vitrified at freezing {88 DMSO-sucrose, 23 for DMSO-
Ficoll 70 and 21 for DMSO-galactose) and 26 of theemained vitreous at

thawing. The DMSO and galacose pair give the besilts on thawing (11 solution
remained vitreous on warming) at 37°C.
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Introduction

In farm practice the most usual procedure for freezing theryos is
controlled freezing. It necessitates expensive equipment and higialljfied
personnel. Compared to the controlled freezing, vitrification pretiemtsdvantage
that is simpler, faster and dose not necessitates expensive equipment.

Vitrification is a simple method of freezing that is usegrenand more. It's
principle consist of the fact that some solutions become swiiti®ut forming
crystals, when are excessively cooled.
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At vitrification, during cooling the solutions become supercooledamss of
the high concentration of crioprotectors, they remain liquids btiteatemperature
drops there is a continuous rise in viscosity, until it doesn’t fiowa measurable
time scale. This is the moment that the highly viscous solubeasme solid’s
without forming ice crystals. The solidification without celfization takes place
because of the excessive rise in viscosity caused by nalpid cooling rates,
between 15.000 30.000 °C/min (Liebermann and co. 2003)

The aim of our paper was to make a series of experimentsdigr to
determine the concentration at which four cryoprotectants (DM8€rose, Ficoll
70 and galactose) singly and in pairs would vitrify on plunging igaidi nitrogen
and remain vitreous when thawed in water bath.

Materials and Methods

As penetrating cryoprotector we used DMSO (MW=78.13 Da, Sigma
D5879), and as non-penetrating cryoprotectors we used Sucrose (MW=342.3 Da;
Sigma S7903), Ficoll 70 (MW= 60,000-80,000 Da; Sigma F4375) and galactose
(MW = 180,16 Da; Sigma G 6152).

For DMSO there were tested concentrations from 1M to 6.5M, with
concentration steps of 0.5M. For the non-penetrating cyoprotectorsested t
concentrations of 5%, 10 %, 15% and 20%.

The vitrification solutions were made in PBS (Phosphate dBedf Saline,
Sigma P3813) pH 7.4.

A total of 168 solutions were prepared from which:

e 12 solutions with DMSO (1M-6.5M)

» 4 solutions with sucrose (5%, 10%, 15% and 20%);

» 4 solutions with Ficoll 70 (5%, 10%, 15% and 20%);
» 4 solutions with galactose (5%, 10%, 15% and 20%);
» 48 solutions of DMSO with sucrose;

» 48 solutions of DMSO with Ficoll 70;

* 48 solutions with DMSO and galactose .

The solutions were tested for Vvitrification abilitiesing the method
described by Ali J and Shelton J. N. (1993). The solutions to bel teste loaded
into 0.25ml straws using a syringe. During freezing, vitrificats@s evidenced by
the formation of transparent glass when the unsealed strawsplvaged into
liquid nitrogen, at -196°C. Crystallization (ice formation) ulesd in a milky
appearance.

Solutions that vitrify on freezing were tested if they remeaitreous on
thawing. For thawing we tested three temperatures 20°C, 25°C and BifiGg
thawing, solutions that did not devitrified were transformed frond stéar state
to the liquid state without evidence of a milky appearanceitifecation (ice
formation, re-crystallization) conferred a milky appearance duringitiga
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Results and Discussions

None of the non-penetrating cryoprotector (sucrose, Ficoll 70, dactase)
solutions vitrify on freezing.

The DMSO (penetrating cryoprotector) solutions with concentrdtigher
or equal to 5M vitrify on thawing. But none of them (5M, 5.5M, 6 MI &.5 M)
remained vitreous at thawing.

When combinations of two cryoprotectors were used a great number of
solutions vitrify on freezing.

In table 1, are presented the results from thawing the sotutrom DMSO-
sucrose combinations that vitrify during freezing:

Table 1
The behavior at thawing of the solutions with DMSQand sucrose
Crt. DMSO concentration DMSO molecular Sucrosg Thawing temperature
No (mollliter ) weight (Da) concentration
(%) 20°C 25°C 37°C
I 35 . 7813 . 5 R R R
2 3.5 78.13 20 R R R
3 A s 15 R R__R
4 4 78.13 20 R R R
5 A5 7818 10 R___R__R
L 45 7813 . 5 R R R
I . 45 7813 . 20 R R R
8 ] S . /813 5 . R R____R
9 ] S . 7813 10 . R R R
10 S . 7813 . 5 R R R
B S . 7813 . 20 R R R
12 SS ......18l13 S ... R_____ R R
A3 55 .81 10 f R__...R_. R
4 55 ...........r813 1 ] R___.R_ . R
15 5.5 78.13 20 R R R
6 6 78138 5 RV ___V_
A 6 813 10 RV V.
18 6 7813 . 5 RNV NV
19 6 78.13 20 R \% Vv
20 65 7813 5 RV ___V_
21 6.5 78.13 10 R \ V
22 65 7813 15 TN V. V_
23 6.5 78.13 20 Vv Vv V
Note: Da=Daltons R — solutions that formed ice crystals at thayin

V- solutions that remained vitreous at thawing

From table 1, it can be noticed that in combination with 5%sucrose@®M
is vitrifying at 5M. at a 10% sucrose concentration DMS@figs at 4.5M. When
mixed with 15% or 20% sucrose DMSO vitrifies at 3.5M. From thes@8tions
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that vitrified at freezing, at thawing, at 20°C, 2 did not fairee crystals (DMSO

6,5 M + 15% sucrose; DMSO 6,5M + 20% sucrose). When thawing was performed

at 25°C, 8 of the solutions did not form ice crystals (DMSO 6M +shffrose;
DMSO 6M + 10% sucrose; DMSO 6M + 15% sucrose; DMSO 6M + 20&tose;
DMSO 6,5 M + 5% sucrose; DMSO 6,5 M + 10% sucrose; DMSO 6;6 M%
sucrose DMSO 6,5 M + 20% sucrose). At 37°C the results thersame as for
25°C.

In table 2, are presented the results from thawing the @otutiom DMSO-
Ficoll 70 combinations that vitrify during freezing:

Table 2
The behavior at thawing of the solutions with DMSQand sucrose

crt. contc):gr?tgtion DMSO molecular co';fgrl:tr?tion Tohawmg tizmperaturf
No (mollliter ) weight (Da) (%) 20°C 25°C 37°C
_____ 1 .3 e 20 R R R
_____ 2 .4 .o % R R R
3 4 813 20 R R R
A 45 1818 > R R R
B I 45 1818 10 R R R
_____ 6 .45 w18 1 R R R
_____ /.4 .om’1s 2 R R R
8 S o 13 5 R | R R
9 S 813 10 R R R
L S 813 . 5 R R R
A S /813 20 | R R R
L2 55 ......1813 > | R R R
R 55 .81 10 | R R R
. 55 .81 15 R RV
s 55 . ....1813 20 R R IV
. 6 /813 > ] R R R
T . 6 813 . 10 R R R
- R 6 813 . 5 Voo Voo v
e 6 /813 20 Voo v v
20 65 7813 S R R R
L2 65 .. .r813 10 Voo Voo v
22 65 /813 15 Voo Voo v

23 6.5 78.13 20 Vv V Vv

From table 2, it can be noticed that in combination with 513%d Ficoll
70, DMSO is vitrifying at 4.5M. When the concentration of Ficdll is 15%
DMSO is vitrifying at 4M. At 20 % Ficoll 70 DMSO vitrifieat 3.5M. From the 23
solutions that vitrified on freezing, at thawing, at 20°C or 25R@, solutions did
not formed ice crystals (DMSO 6M + 15% Ficoll; DMSO 6,5M + 26%¢oll;

DMSO 6,5M + 10% Ficoll;, DMSO 6,5M + 15% Ficoll, DMSO 6,5M+ 20%
Ficoll). At thaing at 37°C 7 solutions did not formed icgstals (DMSO 5,5M +
15% Ficoll; DMSO 5,5 M + 20% Ficoll; DMSO 6M + 15% Ficoll;, DMSbM +
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20% Ficoll; DMSO 6,5M + 10% Ficoll; DMSO 6,5M + 15% Ficoll, DMSO 6,56M
20% Ficoll).

In table 3, are presented the results from thawing the sotutrom DMSO-
sucrose combinations that vitrify during freezing:

Table 3
The behavior at thawing of the solutions with DMSQCand galactose
Crt conlj(:?r?tgltion DMSQ molecular co?]ilsr?ttr(;;n ThaWing temperature
No (molfliter ) weight (Da) (%) 20°C 25°C 37°C
1 4 78.13 15 R R R
2 A 7813 20 R___R____R
3 4.5 78.13 10 R R R
4 45 7813 15 R R R
545 ™18 20 R___R___R
6 5 78.13 5 R R R
5 7818 10 R R R
8 5 78.13 15 R R R
9 5 7818 20 R RV
A0 s 813 s ] R R R_
11 55 78.13 10 R R R
12 55 7818 15 R RV
13 55 78.13 20 Vv Y Vv
14 6 78.13 5 R R V
15 6 78.13 10 Vv Y Vv
16 6 78.13 15 vV Vv vV
17 6 7813 20 VA VAR VA
18 65 7813 5 vV V. VvV
19 65 7813 10 vV VvV VvV
20 65 7818 15 NV V.V
21 6.5 78.13 20 V Vv V

From table 3, it can be noticed that in combination with 5% galactose
DMSO vitrifies at a concentration of 5M. at a concenbratof 10% galactose,
DMSO vitrifies at 4.5M. When combined with 15% or 20% galactas4M
concentration of DMSO is sufficient for vitrification. At thawg, at 20°C, from the
21 solutions that vitrified, 8 did not form ice crystals (DMSOM,% 20%
galactose; DMSO 6 M + 10% galactose; DMSO 6M + 15% gada¢ctDMSO 6 M
+ 20% galactose; DMSO 6,5M + 5% galactose; DMSO 6,5M + 10%toaks
DMSO 6,5M + 15% galactose; DMSO 6,5M + 20% galactose). At 26a@ing
temperature the results were the same as for 20°C. Whesedhat 37°C, 11
solutions didn’'t form ice crystals (DMSO 5M+ 20% galactdd®|SO 5,5M +
15% galactose; DMSO 5,5M + 20% galactose; DMSO 6 M + 5% igakac
DMSO 6 M + 10% galactose; DMSO 6M + 15% galactose; DMSO 6 B0%
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galactose; DMSO 6,5M + 5% galactose; DMSO 6,5M + 10% gaactDMSO
6,5M + 15% galactose; DMSO 6,5M + 20% galactose).

From analyzing the tables 1, 2 and 3, it can be noticed that the rixture
penetrating (DMSO) and nonpenetrating cryoprotectors (sucrose, Flzaind
galactose) lead to a decrease of the concentration ofratmgtcrioprotector
necessary for vitrifying the freezing media. From the nonpei@iraryoprotectors
used, sucrose proved to be the most efficient in decreasingpttoentration of
DMSO. When sucrose was used in a concentration of 15% the mgdiadvat
3.5M DMSQO, in case of Ficoll 70 it was necessary a concentrati@0% for
vitrifying at freezing the media with 3.5M DMSO. In case afagtose, none of the
tested concentrations led to vitrify, at freezing, the media with 3.5M DMSO

Also from the tables 1, 2 and 3 there can be seen the importane@aviaigh
temperature, in preventing the formation of ice crystdls.20°C, thawing
temperature from the 144 solutions with DMSO and nonpenetrating aecfor
tested, 15 solutions didn’t form ice crystals. At 25°C, 21 combingtitidn’t form
ice crystals. When thawing temperature was 37°C we obt@&iecbmbinations
that didn’t form ice crystals. It can be noticed that oncetlibe/ing temperature is
raised the DMSO concentration, at which there are no iceatsykiwers. At 20°C
and 25°C thawing temperature the DMSO concentration necessaryefenting
media recrystallization of the media is 5.5 M (see table 3) and at 37RC is 5

Conclusions

1. Un-penetrating cryoprotectors (sucrose, Ficoll 70 and galactese) singly
can not accomplish the vitrification during freezing;

2. Although DMSO can, singly, vitrify during freezing starting &,%t thawing
the solution devitrified and can not be recommended as proper vitrificatidia;me

3. The DMSO-sucrose and DMSO-Ficoll 70 combinations have a better
vitrification capacity compared to the DMSO-galactose comlmnati For the
DMSO-sucrose and DMSO-Ficoll 70 we obtained 23 combinationsvidndy at
freezing, while for DMSO-galactose we obtained 21 combinations.

4. Unpenetrating cryoprotectors added to vitrification media, redthee
concentration of DMSO required for vitrification of the mediae tbest results
were obtained with sucrose 15%, the DMSO concentration required for
vitrification was 3.5M;

5. At thawing, the best results were obtained for the DMSCeyade
combinations. At 37°C 11 combinations (DMSO 5M+ 20% galactose; DMSO
5.5M + 15% galactose; DMSO 5.5M + 20% galactose; DMSO 6 M + 5%
galactose; DMSO 6 M + 10% galactose; DMSO 6M + 15% gada¢ctDMSO 6 M
+ 20% galactose; DMSO 6.5M + 5% galactose; DMSO 6.5M + 10%tgaks
DMSO 6.5M + 15% galactose; DMSO 6.5M + 20% galactose) didmhddrice
crystals. For the combination DMSO-sucrose there were 8 combin#taindidn’t
formed ice crystals (DMSO 6M + 5% sucrose; DMSO 6M + 10@tase; DMSO
6M + 15% sucrose; DMSO 6M + 20% sucrose; DMSO 6.5 M + 5% sucrose;
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DMSO 6.5 M + 10% sucrose; DMSO 6.5 M + 15% sucrose DMSO 6.5 M + 20%
sucrose) and for DMSO-Ficoll 70 there were 7 combinations (DES®I + 15%
Ficoll 70; DMSO 5.5 M + 20% Ficoll70; DMSO 6M + 15% Ficoll70; DMSO 6.5M
+ 20% Ficoll70; DMSO 6.5M + 10% Ficoll70; DMSO 6.5M + 15% Hic0,
DMSO 6.5M+ 20% Ficoll 70);

6. For thawing the DMSO media the 37°C was the best temper&ma the
144 media tested, at thawing at 37°C, 26 of the media didn’t formenlyistals at
thawing. At 25°C, 21 of the mixtures didn’t formed ice crystals ard20°C
thawing temperature 15 mixtures.

7. Fallowing the freezing/thawing experiments with DMSO as nortpetimey
cryoprotector we obtained 26 solutions that can be used as attaficmedia for
mammalian embryos (DMSO 5M+ 20% galactose; DMSO 5,5M + 19%ctpse;
DMSO 5,5M + 20% galactose; DMSO 6 M + 5% galactose; DMSO 6 M%
galactose; DMSO 6M + 15% galactose; DMSO 6 M + 20% gadactDMSO
6,5M + 5% galactose; DMSO 6,5M + 10% galactose; DMSO 6,5M % 15
galactose; DMSO 6,5M + 20% galactose; DMSO 6M + 5% suciigES0 6M +
10% sucrose; DMSO 6M + 15% sucrose; DMSO 6M + 20% sucEg&s0 6,5
M + 5% sucrose; DMSO 6,5 M + 10% sucrose; DMSO 6,5M +15% sucrose
DMSO 6,5 M + 20% sucrose; DMSO 5,5M + 15% Ficoll 70; DMSO 5,5 BD%
Ficoll 70; DMSO 6M + 15% Ficoll 70; DMSO 6,5M + 20% Ficoll 7DMSO
6,5M + 10% Ficoll 70; DMSO 6,5M + 15% Ficoll 70, DMSO 6,5M+ 20% Hicol
70)
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