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Abstract 
 
The aim of this study was to verify the histological and ultrastructural characteristics of sheep 
preantral follicles after exposure of ovarian tissue to cryopreservation in glycerol (GLY), 
ethylene glycol (EG), propanediol (PROH) or dimethyl sulfoxide (DMSO) in order to determine 
the optimum method to store sheep ovarian tissue for later experimental or clinical use. Each 
ovarian pair from five mixed-breed ewes was divided into 17 fragments. One (control) 
fragment was immediately fixed for routine histological and ultrastructural studies and the 
remaining (test) fragments were randomly distributed in cryotubes, equilibrated at 20 °C/20 
min in 1.8 mL of minimal essential medium (MEM) containing 1.5 or 3 M GLY, EG, PROH or 
DMSO and then either fixed for morphological studies to determine their possible toxic effect 
or frozen/thawed and then fixed to test the effect of cryopreservation on preantral follicles. 
Histological analysis showed that, compared to control fragments, all cryoprotectants at both 
concentrations significantly reduced the percentage of normal preantral follicles in ovarian 
fragments prior to or after cryopreservation. PROH 3.0 M appeared to exert a more toxic 
effect (P < 0.05) than the other cryoprotectants in noncryopreserved tissues. After 
freezing/thawing, the highest (P < 0.05) percentages of lightmicroscopical normal preantral 
follicles were observed in ovarian fragments cryopreserved in EG (1.5 and 3 M) or DMSO (1.5 
M). However, transmission electronic microscopical (TEM) examination showed that only the 
DMSO-cryopreserved preantral follicles had normal ultrastructure. The data suggest that 
sheep preantral follicles should be cryopreserved with 1.5 M DMSO for later clinical or 
experimental application. 
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1. Introduction 

 

Successful cryopreservation is a cellular dehydration process that prevents or reduces 

the damage caused by ice crystal formation (Shaw et al., 2000). To this end a cellular 

permeating cryoprotectant is used to protect the cells during their storage at low 

temperatures. Cryopreservation of embryos, ovarian tissue and gametes is a promising 

technique/approach to preserve the fertility of mammalian species, including endangered 

species and young cancer patients. It offers the advantage of storing large numbers of follicles 



that could be subsequently transplanted or cultured in vitro to obtain mature oocytes. 

Recently, various scientists (Cox et al., 1996: mouse; Oktay et al., 1998: woman; Amorim et al., 

2003a and Amorim et al., 2003b: sheep; Rodrigues et al., 2004a and Rodrigues et al., 2004b: 

goat; Lucci et al., 2004: cow) have shown that it is possible to cryopreserve immature oocytes 

enclosed in preantral follicles. After cryopreservation, isolated preantral follicles are capable to 

grow in vitro (Candy et al., 1995: mouse; Hovatta et al., 1996: human; Cecconi et al., 2004: 

sheep). Cryopreservation of ovarian tissue fragments have also led to the resumption of the 

reproductive cycle after transplantation (Harp et al., 1994: mouse; Candy et al., 1995: mouse; 

Baird et al., 1999 and Salle et al., 1999: sheep), while transplantation of mouse frozen/thawed 

ovarian tissue led to birth of viable animals (Carroll and Gosden, 1993, Gunasena et al., 1997a 

and Gunasena et al., 1997b). In domestic animals, follicular viability in frozen/thawed ovarian 

tissue can be estimated through histological (Amorim et al., 2003a and Amorim et al., 2003b: 

sheep) and ultrastructural (Rodrigues et al., 2004a and Rodrigues et al., 2004b: goat; Lucci et 

al., 2004: cow) analysis. 

The main cryoprotectants that are used for embryos, oocytes and ovarian tissue are 

glycerol (GLY), dimethyl sulfoxide (DMSO), propanediol (PROH) and ethylene glycol (EG). In 

studies with sheep ovarian tissue, the effects of DMSO and EG have been studied (Amorim et 

al., 2003a and Amorim et al., 2003b; Cecconi et al., 2004). In Amorim's studies, routine 

histology and trypan blue test were used to evaluate the quality of isolated primordial follicles 

after freezing and thawing. Cecconi et al. studied in vitro growth of multilaminar (secondary) 

follicles, using both histological and biochemical parameters (oestradiol determination and 

intercellular metabolic cooperativity). 

The aim of this histological and ultrastructural study was to compare the effects of four 

cryoprotectants (GLY, DMSO, PROH and EG) in two concentrations (1.5 and 3.0 M), in order to 

identify the best one(s) to preserve sheep preantral follicles. 

 

2. Materials and methods 

2.1. Source and preparation of ovarian tissue 

Ovaries (n = 10) from adult mixed breed sheep (n = 5) were obtained at a local 

slaughterhouse. The ovaries were trimmed of adhering tissue, washed in 70% alcohol and 

then, twice in 0.9% saline solution. The ovaries were put into tubes containing 20 mL of 0.9% 

saline solution and transported to the laboratory within 1 h in a thermosflask filled with water 



at 20 °C. From each ovarian pair, a (control) fragment was dissected. The larger part of this 

fragment was fixed in Carnoy's fluid for 12 h for routine histological studies. A smaller part of 

the control fragment was fixed in paraformaldehyde/glutaraldehyde solution 

(paraformaldehyde 2% and glutaraldehyde 2.5% in sodium cacodylate buffer 0.1 M, pH 7.2) for 

transmission electron microscopical (TEM) studies. Subsequently, each pair of ovaries was 

divided into 16 fragments of approximately 3 mm × 3 mm × 1 mm and subjected to a toxicity 

test (n = 8) or freezing/thawing (n = 8) as described below. 

 

2.2. Toxicity test 

 

Toxicity tests were performed to study the effects of DMSO, PROH, GLY or EG at two 

concentrations (1.5 and 3.0 M) on follicles in ovarian tissue fragments. To this end, ovarian 

fragments (n = 8) were exposed for 20 min at 20 °C (equilibration period) in cryotubes to 1.8 

mL of minimum essential medium (MEM) containing DMSO, PROH, GLY or EG at 1.5 or 3 M. 

After the equilibration period, the cryoprotectants were immediately removed from the tissue 

according to the method described by Candy et al. (1997). Briefly, the fragments were rinsed 

three times for 5 min in MEM supplemented with 10% fetal bovine serum (MEM+) at room 

temperature. Finally, the ovarian fragments were fixed for histological and ultrastructural 

studies as described in the former paragraph. Each cryoprotectant and each concentration was 

tested on an ovarian fragment of five different animals. 

 

2.3. Freezing and thawing procedures 

 

For freezing, ovarian fragments (n = 8) were individually placed in 2.0 mL vials and 

equilibrated in 1.8 mL MEM+ with cryoprotectants (DMSO, PROH, GLY or EG) at the same 

concentrations and equilibration period as used in the toxicity test. After equilibration, the 

vials with the ovarian tissue were transferred to a computerized programmable freezer (Freeze 

Control, CryoLogic Pty Ltd.,Waverley, Australia) at 20 °C. The vials were cooled at 2 °C/min to 

−7 °C and ice crystal formation (seeding) was induced manually by touching the vials with 

forceps pre-chilled in liquid nitrogen. The specimens were held at this temperature for 15 min, 

then cooled at 0.3 °C/min to −30 °C and thereafter at 0.15 °C/min to −33 °C. The vials were 

then plunged directly into liquid nitrogen (−196 °C) and stored for up to 5 days before thawing. 

 



For thawing, the vials were taken from the liquid nitrogen, warmed at room temperature for 

approximately 1 min and immersed in a water bath at 37 °C until the ice melted. The 

cryoprotectant was then removed as described above for the toxicity test; thereafter, the 

ovarian fragments were fixed for histological and ultrastructural examination. Five replicates, 

each derived from a different animal, were used for each concentration of cryoprotectant 

tested. 

 

2.3.1. Histological analysis 

 

After fixation in Carnoy's fluid, ovarian fragments were dehydrated in ethanol, clarified 

with xylene and embedded in paraffin wax. Serial sections (7 μm) of ovarian tissue were cut 

and every fifth section was mounted on glass slides and stained with periodic acid Schiff (PAS)-

hematoxylin. All sections were examined using a light microscope (Leica) at magnifications 20× 

and 40×. Preantral follicles were defined as follicles with an oocyte surrounded either by one 

flattened and/or cuboidal layer or several layers of only cuboidal granulosa cells. To avoid 

counting a follicle more than once, preantral follicles were counted only in the sections where 

their oocyte nucleus was observed. Follicular quality was evaluated based on the 

morphological integrity of the oocyte, the granulosa cells and the basement membrane. 

Preantral follicles were classified as (i) histologically/morphologically normal when they 

contain an intact oocyte and intact granulosa cells, (ii) degenerated grade 1 when their oocyte 

nucleus has become pycnotic, and (iii) degenerated grade 2 when the oocyte is shrunken and 

its nucleus pycnotic and, when possibly granulosa cells have detached from the basement 

membrane and have enlarged in volume. 

 

2.4. Ultrastructural analysis 

 

For better evaluation of the follicular morphology, ultrastructural studies were carried 

out on fragments of control ovaries and ovaries that were frozen/thawed in presence of DMSO 

or EG, the cryoprotectants which appeared the best in maintaining the histological image of 

follicles. For this, tissue fragments with a maximum dimension of 1 mm3 were fixed in 2% 

paraformaldehyde and 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2) for 3 h. 

After fixation and five washes, specimens were post-fixed in 1% osmium tetroxide, 0.8% 

potassium ferricyanide and 5 mM calcium chloride in 0.1 M sodium cacodylate buffer for 1 h. 

Subsequently, the samples were dehydrated through a gradient of acetone solutions (31–



100%) and the tissues were embedded in Spurr. Semi-thin sections (3 μm) were stained with 

toluidine blue. The ultra-thin sections (60–70 nm) were constrasted with uranyl acetate and 

lead citrate, and examined under a Jeol JEM 100 C transmission electron microscope. 

 

2.5. Statistical analysis 

 

All treatment data from 2972 preantral follicles were analysed using a factorial design 

(cryoprotectant effects: GLY × PROH × DMSO × EG, concentration: 1.5 × 3 M, and test: toxicity 

× cryopreservation) in an ANOVA test. The data were transformed in (x + 1)3. The means were 

compared by the Tukey test. The comparison of the percentage of morphologically normal 

preantral follicles in treatments in relation to the control was analyzed by a Chi-square test. 

Values were considered statistically significant when P < 0.05. 

 

3. Results 

3.1. Percentage of normal preantral follicles after toxicity test and cryopreservation 

A total of 2972 preantral follicles were histologically examined, i.e. a minimum of 150 

follicles per treatment. When data of all treatments were combined, the percentage of normal 

preantral follicles was 77.6% in control ovarian fragments, 51.7% in fragments that underwent 

the toxicity test, and 43.6% in fragments that were cryopreserved, respectively. 

When compared to control fragments, the percentage of normal preantral follicles 

(77.6%) was significantly (P < 0.05) reduced after exposure of ovarian tissue to 

cryopreservation in all cryoprotectants used and in both concentrations tested ( Table 1). After 

the toxicity test, no significant (P > 0.05) difference among the treatments was observed, when 

the cryoprotectants were used at 1.5 M. However, at a concentration of 3.0 M, PROH was 

significantly (P < 0.05) more toxic than the three other cryoprotectants, since doubling the 

concentration of DMSO, EG and GLY did not led to a further significant (P > 0.05) reduction of 

the percentage of normal preantral follicles. After freezing/thawing, the ovarian fragments 

cryopreserved in 1.5 M DMSO and EG showed a significantly (P < 0.05) higher percentage of 

normal preantral follicles, while those cryopreserved in 1.5 M GLY had significantly (P < 0.05) 

less normal follicles. In contrast to that of EG, increase of the concentration of DMSO, GLY and 

PROH to 3 M resulted in a significant (P < 0.05) reduction in the percentage of normal 

preantral follicles. When the percentages of normal preantral follicles in the toxicity test were 



compared with those found after cryopreservation, significant (P < 0.05) lower values were 

found when tissues had been frozen/thawed in the presence of PROH or GLY at a 

concentration of 1.5 and 3 M. 

 

Table 1. 
Normal preantral follicles (%) in ovarian fragments that were untreated (controls), in ovarian 
fragments that were treated with cryoprotectant but not frozen/thawed (toxicity test), and in 
ovarian fragments that were frozen/thawed in presence of cryoprotectant (cryopreservation) 
as determined by histological evaluation 

 
Values within rows (a, b, c, d) are different (P < 0.05); values within columns (A, B) within the same test 
(toxicity or cryopreservation) are different (P < 0.05); values within columns (C, D) within concentrations 
(1.5 or 3.0 M) are different (P < 0.05). 
* P < 0.05, significantly different from control. 
 

3.2. Percentage of degenerated preantral follicles after toxicity test and 

cryopreservation 

 

Histological analysis of the ovarian tissue showed that normal (Fig. 1A) and 

degenerated follicles (Fig. 1B) were found both in control fragments and in fragments that had 

been used for toxicity test or cryopreservation. Two grades of degeneration were found: grade 

1 when the oocyte was damaged, and grade 2 when both oocyte and granulosa cells were 

degenerated. Table 2 shows the percentages of grade 1 and grade 2 degenerated preantral 

follicles in control fragments and fragments from the toxicity test and cryopreservation, 

respectively. A significant (P < 0.05) predominance of degenerated grade 1 follicles over those 

of grade 2 was observed in control fragments. Similar results were obtained in toxicity tests, 

using the lower concentration of PROH or both concentrations of GLY, EG or DMSO. 

Furthermore, after cryopreservation, significantly (P < 0.05) higher values of degenerated 

grade 1 follicles was observed in all tests, except when 3.0 M GLY or PROH were used as 

cryoprotectants. In toxicity tests, the significantly (P < 0.05) highest percentage of degenerated 

grade 2 follicles was observed after exposure of fragments to 3.0 M EG or PROH, while with 1.5 

M PROH, 3 M GLY and DMSO also resulted in significantly (P < 0.05) higher percentages of such 

follicles but yet significantly (P < 0.05) lower than the former treatments. After 

cryopreservation, the significantly (P < 0.05) highest percentages of grade 2 follicles were 

found after exposure to 3 M GLY or 3 M PROH. 



 

Fig. 1. Preantral follicles in ovarian tissue after histological analysis: (A) normal; (B) degenerated (400×). 

 

Table 2 Degenerating l and 2 preantral follicles (%) in ovarian fragments that were untreated 
(controls), in ovarian fragments that were treated with cryoprotectant but not frozen/thawed 
(toxicity test), and in ovarian fragments that were frozen/thawed in presence of 
cryoprotectant (cryopreservation) as determined by histological evaluation 

 

Values within rows (a, b) between Deg 1 × Deg 2 are different (P < 0.05); values within columns (c, d) 
within Deg 1 in the same concentration (1.5 × 3.0 M) are different (P < 0.05); values within columns (e, f) 
within Deg 2 in the same concentration (1.5 × 3.0 M) are different (P < 0.05). * P < 0.05, significantly 
different from control. 
 

3.3. Ultrastructural analysis of the ovarian tissue 

 

Ultrastructural analysis was performed only for sheep preantral follicles that were 

considered as normal in semi-thin sections stained with toluidine blue. In 93% of normal 

preantral follicles in control ovarian fragments (Fig. 2) and in 90% of those frozen in 1.5 M 

DMSO (Fig. 3), oocytes were observed that have a large, well-delimited nucleus pleiomorphic 



large mitochondria, with irregular cristae and continuous mitochondrial membranes, and 

elongated mitochondria with parallel cristae. These follicles furthermore exhibit highly variable 

numbers of vesicles spread throughout the ooplasm, a well-developed Golgi complex and both 

smooth and rough endoplasmic reticulum, either as isolated aggregations or as complex 

associations with mitochondria and vesicles. Granulosa cells around these oocytes had 

irregularly-shaped nuclei, with a high nucleus-to-cytoplasm ratio. When the ovarian tissue was 

frozen in EG at 1.5 and 3.0 M, preantral follicles seemed to be well preserved in semi-thin 

toluidine blue stained sections. Ultrastructurally, however, 85% of these follicles appeared to 

have an extremely vacuolated oocyte (Fig. 4A and B). In some cases, fusion of these vacuoles 

had caused the presence of empty cytoplasmic areas. Occasionally, this alteration was 

associated with loss of granulosa cell content and, in some cases, with oocyte nuclear 

shrinkage. Initial signs of damage to mitochondrial membranes and cristae were additionally 

observed in 80% of the oocytes. Furthermore, 90% of granulosa cells were slightly swollen, 

with a low density of organelles present in their cytoplasm. Some granulosa cells had 

disappeared, leaving a vacuolated space (Fig. 4C). The follicles contained a retracted oocyte 

and substantial irregularity of the follicular, oocyte and nuclear outlines. 

 

Fig. 2. Normal preantral follicle in control ovarian tissue. O: oocyte; N: nucleus; G: 
granulosa cell; m: mitochondria; v: vesicles; er: endoplasmic reticulum (4000×). 
 

 



 
Fig. 3. Preantral follicle in ovarian tissue frozen in 1.5 M DMSO. O: oocyte; N: nucleus; G: 
granulosa cell; m: mitochondria; v: vesicles (4000×). 
 

 
Fig. 4. Preantral follicles in ovarian tissue frozen in EG. O: oocyte; N: nucleus; G: granulosa cell. 
(A) 1.5 M EG: the oocyte is shrunken and extremely vacuolated. Granulosa cells present loss of 

cytoplasmic content (2000×); (B) 3 M EG: a closer look of the oocyte vacuolization (5500×); 



(C) 1.5 M EG: observe that some granulosa cells had disappeared, leaving an empty space 
(asterisk) (2400×). 
 

4. Discussion 

The present paper describes a histological and ultrastructural study on toxicity testing 

and cryopreservation of sheep preantral follicles enclosed in ovarian tissue using GLY, 

DMSO, PROH and EG as cryoprotectans each at two concentrations, 1.5 and 3.0 M. 

 

Based on the lowered percentage of histologically normal preantral follicles in sheep 

ovarian fragments, the toxicity test carried out in the present study demonstrated 

that, at both concentrations tested, GLY, DMSO, and EG, have a comparable damaging 

(chemical and osmotic) effect. Even with the protecting effect of the cryoprotectant 

provided, damage can sometimes occur due to osmotic stress or chemical toxicity, 

especially when cryoprotective agents are used at too high concentrations (Rodrigues 

et al., 2004b). The damaging effect on follicles appears more pronounced when 3.0 M 

PROH is used. This confirms a previous finding of Lim et al. (1999), who showed an 

increased cytotoxic effect of this cryoprotectant on bovine follicles when used in 

concentrations above 1.5 M. In contrast to our findings, in studies with bovine 

preantral follicles, Lucci et al. (2004) reported EG to be the most toxic of 

cryoprotectants evaluated when compared to DMSO and PROH. In this latter study 

with EG 1.5 M, the percentage of morphologically normal follicles had reduced from 

96.9% (control) to 49.2% (toxicity test) and the percentage was maintained without 

significative difference after cryopreservation (52.5%). Based on these results, the 

authors concluded that the observed follicular damage was rather by the 

cryoprotectant than the cryopreservation process itself. 

 

The most dramatic reduction in the percentage of histologically normal preantral 

follicles was observed after freezing of ovarian tissue fragments in PROH or GLY. The 

better results were obtained with EG 1.5 and 3.0 M or DMSO 1.5 M, suggesting that 

these substances maintain the follicular integrity more efficiently after 

freezing/thawing than the two other cryoprotectants. These findings confirm those of 

Sommerfeld and Niemann (1999) that different rates of cellular survival after 

cryopreservation of bovine follicles can be attributed to a variation in the type and 



concentration of the cryoprotectants used. Previously, DMSO, EG and PROH have been 

successfully used to cryopreserve in vitro produced bovine embryos (Bracke and 

Niemann, 1995). GLY has been widely used for cryopreservation of bovine embryos, 

because of its low toxicity. It may, however, induce osmotic (Sze’ll and Shelton, 1986) 

and ultrastructural (Lucci et al., 2004) damage in tissues due to its slower permeation. 

The permeability of GLY is lower than that of PROH, DMSO, and EG (Mazur, 1984 and 

Fuku et al., 1992). The low permeability of GLY could have caused the lower rate of 

normal preantral follicles in our sheep ovarian tissues. Also in human ovarian tissue, 

the permeation of GLY is slower and thus less efficient than PROH and DMSO, while EG 

exhibits the best permeating action (Hovatta, 2000). 

 

Histological studies facilitate the identification of the primary signs of follicular atresia, 

like nuclear pycnosis, cytoplasmic damage, detachment of granulosa cells from the 

oocyte and irregularity of the basement membrane (Jorio et al., 1991, Hulshof et al., 

1995 and Demirci et al., 2002). The main degeneration feature observed in the current 

histological study was nuclear pycnosis in oocytes, i.e. follicular degeneration grade 1. 

This type of follicular degeneration was also described previously after 

cryopreservation of ovine (Demirci et al., 2002), bovine (Lucci et al., 2004), caprine 

(Rodrigues et al., 2004a and Rodrigues et al., 2004b), human (Hovatta et al., 1996) and 

non-human (Candy et al., 1995) primate ovarian tissues. In vitro studies have shown 

that the vast majority of cultured preantral follicles of various species have a 

degenerating or degenerated oocyte, whereas their granulosa cells stay normal and 

continue to proliferate, which shows that the oocyte is more sensitive to degeneration 

than the granulosa cells (Erickson, 1986, Figueiredo et al., 1994, Braw-Tal and Yossefi, 

1997 and Silva et al., 2001). In contrast, when the ovarian fragments were 

cryopreserved in 3.0 M PROH, the most common type of degeneration was grade 2 

where, in addition to oocyte degeneration, the granulosa cells are disorganized and 

enlarged in volume (osmotic shock). This type of degeneration occurred to a high 

degree in toxicity tests using 3 M PROH or 3 M EG. Studying the permeability of 

cryoprotectant agents in unfertilized eggs, Adams et al. (2003) observed that the 

temperature of 20 °C is adequate for PROH penetration and that a relative short 

exposure time is required to minimize toxic effects. Possibly, in our study the 



equilibrium period of 20 min was too long to keep follicles intact when 3.0 M PROH 

was used. 

 

Although histological analysis had shown that after freezing and thawing procedures, 

the lowest percentages of degenerating sheep follicles were observed with EG or 

DMSO as cryoprotectants, TEM studies revealed that only preantral follicles 

cryopreserved with 1.5 M DMSO appeared ultrastructurally normal. Paynter et al. 

(1999), also found that bovine oocytes cryopreserved in DMSO did not undergo 

ultrastructural cell damage. In our studies, control and 1.5 M DMSO cryopreserved 

follicles contained smooth and rough endoplasmic reticulum aggregations, that are 

either or not in association with mitochondria or vesicles. Such endoplasmic reticulum 

formations are a common phenomenon commonly occur in fresh sheep preantral 

follicles (Fair et al., 1997) and other mammals (human: Hertig and Adams, 1967; 

murine species: Wassarman and Josefowicz, 1978; swine:Tassel and Kennedy, 1980; 

goat: Silva et al., 2001). Preantral follicles subjected to cryopreservation in EG showed 

decreased numbers of mitochondria and numerous vesicles in their oocyte that was 

extremely vacuolated. Similar results were obtained by Matos et al. (2004) after 

cooling of sheep preantral follicles at 20 °C for about 24 h in TCM 199. Some authors 

have emphasized that normal sheep oocytes contain a larger number of vacuoles (Cran 

and Moor, 1980 and Tassel and Kennedy, 1980), but in oocytes showing signs of 

degeneration, these vacuoles become more numerous (Tassel and Kennedy, 1980). 

The latter characteristic has generally been considered as an atretic sign in oocytes 

(Tassel and Kennedy, 1980 and Van Den Hurk et al., 1998), granulosa cells (Hay et al., 

1976) and cumulus cells (Assey et al., 1994), and may represent endoplasmic reticulum 

swelling. Alternatively, these vacuoles may represent altered mitochondria as 

observed in cryopreserved bovine oocytes by Fuku et al. (1995) and Lucci et al. (2004). 

Silva et al. (2001) reported that mitochondria with extensive swelling and 

disappearance of their cristae, as well as endoplasmic reticulum with increased 

volume, were the first signs of degeneration in goat preantral follicles. TEM studies 

with cryopreserved bovine (Hyttel et al., 1986 and Fuku et al., 1995) and murine 

(Schalkoff et al., 1989) oocytes showed that the presence of numerous vesicles led to 

cellular rupture, possibly due to an increase of the cellular volume caused by osmotic 



shock (Asada et al., 2000). Thus, the damage to follicular cell organelles, as visualised 

at the ultrastructural level, could be the cause of failure in further development of 

apparently normal cells (Cocero et al., 2002). 

 

5. Conclusion 

 

DMSO is the most suited cryoprotectant in this freezing/thawing procedure, 

preserving sheep preantral follicles within ovarian tissue, because it may have 

permeated just quick enough to prevent osmotic shock, and may have low enough 

chemical toxicity to avoid toxic changes during equilibration period. With further 

improvement of the cryopreservation protocol, it will be possible to preserve preantral 

follicles for a long period and to use them, after thawing, for in vitro growth, 

maturation and fertilization programs or transplantation studies. 
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