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In this study, we aimed to evaluate the efficacy of cryopreserving canine ovarian tissue using 38 

vitrification and slow freezing methods while investigating potential differences in cryotolerance based 39 

on follicular type and cryopreservation technique. Twenty-eight ovaries were collected from 14 40 

anoestrus bitches of various breeds, aged between 2 and 5 years, and undergoing elective 41 

ovariohysterectomy. The ovaries were sectioned into small fragments and randomly assigned to three 42 

groups: vitrification, slow freezing, and a control group (fresh tissue). Vitrification was performed using 43 

cryotubes containing DAP 213 solution (2M DMSO, 1M acetamide, 3M propylene glycol) in two stages, 44 

while slow freezing involved cryotubes with 1.5M DMSO solution inserted into a programmable 45 

machine. The effects of cryopreservation were evaluated by histology and immunohistochemistry 46 

(cleaved caspase-3), to determine the percentage of cells undergoing apoptosis. Histological 47 

examination revealed that the slow freezing group exhibited a significantly higher percentage of intact 48 

follicles (45.75%) compared to those subjected to vitrification (38.17%; P=0.01). Immunohistochemical 49 

evaluation further indicated that 84.21% of the follicles in the slow freezing group did not express 50 

caspase-3, suggesting the absence of apoptosis. Conversely, vitrified samples exhibited significantly 51 

more apoptotic cells compared to other groups (P <0.001).  Furthermore, early antral follicles displayed 52 

a higher susceptibility to degeneration regardless of the cryopreservation method employed. 53 

Nevertheless, when comparing the cryopreserved groups, early antral follicles showed greater 54 

degeneration in slow freezing group, while preantral follicles were the most affected in the vitrification 55 

group. In conclusion, slow freezing demonstrated superior preservation of viable follicles compared to 56 

vitrification and emerged as the preferred technique for cryopreserving canine ovarian tissue. These 57 

findings contribute valuable insights into optimizing cryopreservation methods for canine ovarian tissue, 58 

potentially benefiting reproductive technologies and fertility preservation in canines. 59 

Keywords: bitches, gonadal tissue, immunohistochemistry, caspase-3, histology.   60 

 61 

 62 

 63 

1. Introduction 64 
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Assisted reproduction techniques, such as artificial insemination (AI), in vitro 65 

fertilization (IVF), intracytoplasmic sperm injection (ICSI), and the preservation of gametes 66 

and gonadal tissues, present promising solutions for overcoming obstacles in natural 67 

reproduction. While successful cryopreservation of gametes has been achieved across various 68 

species, the susceptibility of canine oocytes to low temperatures poses a challenge, impairing 69 

their viability post-thaw [1]. Ovarian tissue cryopreservation, a more intricate process than 70 

gamete freezing, involves a diverse range of cell types with varying susceptibilities to cold-71 

induced damage. However, research has indicated the potential for follicle development within 72 

cryopreserved ovarian tissue, progressing from early to advanced stages [2-4]. Nonetheless, 73 

investigations into this topic within the Canidae family remain scarce, and an optimal 74 

cryopreservation protocol has yet to be established. 75 

Investigations on ovarian tissue cryopreservation in canine species holds crucial 76 

importance while awaiting the development of an improved in vitro maturation (IVM) and in 77 

vitro fertilization (IVF) system, which, when available, could revolutionize assisted 78 

reproduction in dogs. The ability to successfully preserve and store ovarian tissue until the ideal 79 

system becomes available is particularly valuable for preserving breeds with exceptional 80 

characteristics, such as special guide dogs, enabling their genetics to contribute to future 81 

generations despite natural reproductive limitations. This approach not only benefits canine 82 

genetic resources but also plays a vital role in safeguarding endangered canid species, 83 

contributing to conservation efforts and supporting future breeding and reintroduction 84 

programs.  85 

In light of this, our study evaluates two widely used techniques: slow freezing and 86 

vitrification, in preserving intact follicles. Slow freezing involves controlled cooling to prevent 87 

ice crystal formation and can damage cellular structure, while vitrification employs rapid 88 

cooling to transition cells into a glass-like state, minimizing ice crystallization. Both methods 89 
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are chosen due to their distinct mechanisms of protection and potential to preserve cell viability, 90 

offering a comprehensive evaluation of their effectiveness in maintaining follicular integrity. 91 

Through morphological and immunohistochemical assessments of ovarian fragments obtained 92 

from domestic dogs, we aim to identify variances in cryotolerance among different follicular 93 

types, informing the development of optimized protocols for canine ovarian tissue preservation. 94 

 95 

 96 

2. Material and methods 97 

All chemicals in this study were purchased from Sigma-Aldrich Chemical Company (St 98 

Louis, MO, USA) unless otherwise stated. 99 

The study was approved by the Ethical Committee of the Institution (3171/2020). 100 

 101 

2.1. Collection and processing of ovaries 102 

Ovaries were obtained from 14 domestic bitches in late anoestrus submitted to elective 103 

ovariohysterectomy. The dogs were from different breeds, with ages ranging from 2 to 5 years, 104 

and were considered healthy after clinical examination. 105 

The ovaries were transported to the laboratory at room temperature in Dulbecco´s PBS-106 

PVA (phosphate-buffered saline with polyvinyl acetate) solution supplemented with 100 107 

IU/mL of penicillin G sodium and 100 μg/mL of streptomycin sulphate, within 1-3h. Then, they 108 

were sectioned into small fragments of approximately 3 x 2 x 2 mm in length, width, and 109 

thickness, respectively.  110 

Twenty-eight ovaries were sectioned into 75 fragments. Each ovary was treated as an 111 

individual unit, and the fragments were randomly assigned to Vitrification, Slow freezing, and 112 

Control groups.  113 

2.2. Vitrification 114 
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Vitrification was performed according to [5]. Briefly, the ovarian cortex fragments were 115 

immersed in drops of 200 µL of modified Dulbecco´s PBS containing 1M DMSO at room 116 

temperature for 60 sec. Following this, one fragment was transferred to each cryotube 117 

containing 5 µL of PBS-DMSO and kept at 0 °C for 5 min. Next, 95µL of DAP 213 solution 118 

(composed of 2 M DMSO, 1 M acetamide, 3 M propylene glycol) was added to each cryotube 119 

and maintained at 0 °C for an additional 5 min. Subsequently, the cryotubes were plunged one 120 

at a time into liquid nitrogen, ensuring that each cryotube was completely submeged for storage. 121 

For warming, after being kept at room temperature for 60 sec until the media was 122 

completed melted, the cryotubes were diluted in 900µL of PBS containing 0.25 M sucrose 123 

preheated to 37 °C. During this process, each cryotube was individually held in tongs in the air, 124 

one by one. Subsequently, the samples were washed repeatedly (5x) in HTF (human tubal fluid) 125 

with BSA (bovine serum albumin) medium before undergoing histological processing for 126 

further evaluation. 127 

 128 

2.3. Slow Freezing 129 

Slow freezing was performed according to the protocol described by [6] with 130 

modifications. The ovarian tissue fragments were equilibrated in cryotubes containing 1mL of 131 

Ham´s F10 medium, 1.5 M DMSO (dimethyl sulfoxide), 10% HSA (human synthetic albumin), 132 

and 0.1 M sucrose for 30 min at 4 °C. After this period, the samples were frozen using a 133 

programmable freezer (Cryogen; Neovet, Uberlândia, Brazil), being cooled to -7 °C at a rate of 134 

-2 °C/min, when the seeding was done. Then, the cooling rate decreased to -0.3 °C/min until it 135 

reached -30 °C when the cryotubes were immersed directly into the liquid nitrogen for storage. 136 

For thawing, the cryotubes were individually exposed to room temperature for 2 min 137 

and then placed in a water bath at 38 °C for additional 2 min. Each vial was singly held in tongs 138 
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during this process. Samples were then washed repeatedly in Ham´s F10 medium and submitted 139 

to histological processing for further evaluation. 140 

 141 

2.4. Histological evaluation 142 

 All ovarian tissue samples from each experimental group (vitrified, slow frozen, and 143 

fresh) were fixed in 4% formaldehyde. For the control groups, fixation was performed 144 

immediately after the ovaries were sectioned. For the vitrified and slow frozen groups, fixation 145 

was carried out immediately after the samples were thawed and equilibrated. The fixed samples 146 

were then embedded in paraffin, sectioned in a series of 5 μm thickness, stained with 147 

hematoxylin-eosin (HE), and evaluated under a light microscope.  148 

The developmental stage of each follicle was identified and classified into three 149 

categories based on [7]: (a) primordial follicles: oocytes surrounded by a single layer of 150 

flattened granulosa cells; (b) preantral follicles: oocytes surrounded by a layer or two or more 151 

completed layers of cuboidal granulosa cells; c) Early antral follicles: the presence of a small 152 

antrum within the multilaminar follicle.  153 

Morphological alterations were classified according to [8] as follows: intact follicles 154 

were scored as 0; follicles presenting detachment of cells from the basement membrane 155 

(discrete degeneration) were scored as 1; follicles showing detachment of cells from the 156 

[basement membrane and degeneration of up to 30 % of oocytes (moderate degeneration) were 157 

scored as 2; follicles presenting accentuated degeneration with more than 30 % degenerated 158 

oocytes were classified as score 3. 159 

 160 

2.5. Immunohistochemistry 161 

Fresh and cryopreserved samples were evaluated to apoptosis rate following the 162 

procedures described by [8]. Briefly, tissue samples were mounted on positive-charged slides, 163 
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deparaffinized in xylene, and hydrated in ethanol. The antigen retrieval was performed using 164 

citrate buffer (Target retrieval solution, Agilent, Santa Clara, CA, USA) in a pressure cooker. 165 

Samples were washed in PBS with 0.5 % tween 20 and the endogenous peroxidase activity was 166 

blocked with 3 % hydrogen peroxide, followed by another wash in PBS. To prevent non-167 

specific antigen binding, the samples were incubated for 30 minutes at room temperature with 168 

10 % goat serum. The rabbit primary anti-cleaved caspase 3 antibody (Asp175, code: #9661, 169 

Cell Signaling, Danvers, MA, USA) was placed and the samples remained overnight at 4°C. 170 

Polyclonal biotinylated immunoglobulin was used as the secondary antibody. The previous 171 

literature has provided the antibody cross-reactivity with canine tissue [9] [10] [11]. 172 

A cleaved caspase-3 antibody was used to detect apoptosis in the follicles. The number 173 

of follicles positive for caspase-3 was determined by the number of cells with stained nucleus 174 

or cytoplasm. For the negative control, the primary antibody was removed. Five fields were 175 

counted to establish the percentage of marked cells under 400x magnification. The final score 176 

was achieved using the methodology previously described [12]. Briefly, samples showing no 177 

caspase-3 expression were scored as 0, samples showing 1 up to 25 % were scored as 1, samples 178 

with 26 up to 50 % was scored 2, 51 % up to 75 % as score 3 and more than 75 %, as score 4.  179 

 180 

2.6. Statistical analysis 181 

Statistical analysis of the histological evaluation of the proportion of primordial and 182 

primary follicles with normal morphology was calculated per sample. Immunohistochemical 183 

evaluation was calculated as the proportion of follicles stained by caspase-3 per sample. The 184 

analysis was performed by Kruskal-Wallis test followed by Dunn's multiple comparison test. 185 

Values were considered significant when P <0.05. 186 

 187 

 188 



9 

 

3. Results 189 

 190 

3.1. Morphological evaluation of follicles 191 

A total of 2,004 ovarian follicles were evaluated in the three experimental groups; 461 192 

in the slow freezing group (196 primordial, 215 preantral follicles, and 50 early antral follicles; 193 

corresponding to 42.5 %, 46.7 %, and 10.8 %, respectively), 762 in the vitrified group (366 194 

primordial, 313 preantral follicles and 83 early antral follicles; corresponding to 48 %, 41 %, 195 

and 11 %, respectively) and 781 in the control group (269 primordial, 414 preantral follicles 196 

and 98 early antral follicles; corresponding to 34.4 %, 53 %, and 12,6 %, respectively). 197 

The results indicate that both slow frozen and vitrification methods resulted in higher 198 

rates of degeneration compared to fresh samples (54.2 %, 61.8 %, and 40.7 %, respectively; p 199 

<0.001). When analysing follicular types, it was observed that the slow freezing group exhibited 200 

fewer degenerated primordial and preantral follicles compared to vitrification. Conversely, 201 

vitrification demonstrated fewer degenerated early antral follicles (Table 1). The main 202 

morphological alterations evaluated are illustrated in figure 1. 203 

Figure 2 illustrates the relationship between degenerated follicles and normal follicles, 204 

in which degenerated follicles were considered as 1 and normal follicles as 0. Comparing the 205 

different groups in relation to primordial follicles it was noticed that the slow freezing and 206 

vitrification groups differ significantly from control (p<0.001), but not from each other. 207 

Concerning the preantral follicles, the vitrification group had the highest average of 208 

degeneration (p <0.0003), while for early antral follicles the higher degeneration rates were 209 

observed in the slow freezing group (p <0.001).  210 

 211 

3.2. Immunohistochemical evaluation. 212 
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A total of 75 ovarian cortex was used for the evaluation of the caspase-3 expression. All 213 

fragments of the control group had 100 % follicles with a score 0 (Table 2). In the slow freezing 214 

group, 84.21 % of the evaluated follicles did not express caspase-3 (score 0, figure 3A and 3B) 215 

and in the vitrified group, 53 % of the early antral follicles, 56 % of the preantral follicles, and 216 

62.5 % of the primordial follicles did not express caspase-3, and this group presented greater 217 

percentage of total damage (Figure 3C and 3D).  218 

 219 

4. Discussion 220 

In our study, the morphological evaluation revealed that slow freezing using 1.5M 221 

DMSO was more effective than vitrification in maintaining follicular integrity, as evidenced by 222 

a lower degeneration rate (54.2% vs. 61.8%). This finding is consistent with other studies in 223 

humans [13], and sheep [14], where slow freezing showed superior results compared to 224 

vitrification. Specifically, in bitches, Lopes et al. [15], reported that 1.5M DMSO was superior 225 

to propanediol for slow freezing, although still less effective than untreated controls. In contrast, 226 

Commin et al. [16] found no significant differences in canine follicular morphology between 227 

pre- and post- slow freezing. 228 

Compared to previous reports, the post-thawing/warming degeneration rates observed 229 

in the present study were higher across all techniques. Notably, even control group follicles 230 

showed a degeneration rate of 40.7%, significantly higher than the rates reported by Commin 231 

et al. [16] (11%), Lopes et al. [15] (20%), and Jivago et al. [17] (approximately 10%). Several 232 

factors may account for these higher degeneration rates: 1) methodological differences: 233 

variations in fragment sizes, fixation solution, and fixation time may have contributed. If the 234 

fixation process did not optimally preserve the follicles, it could result in higher rates of 235 

degeneration; 2) Sample size: our study evaluated 28 ovaries, whereas other studies assessed 236 

fewer than 10. A larger sample size may capture a broader variability, potentially including 237 
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more degenerated follicles; 3) Age of the animals: we used bitches aged 2 to 5 years, whereas 238 

other studies used animals under 2 years of age. Younger animals generally have a more robust 239 

follicular reserve, especially of early-stage follicles, which are smaller with low metabolic 240 

activity-traits that enhance cryopreservation tolerance [4]; 4) Estrus cycle stage: we exclusively 241 

used ovaries from bitches in late anestrus.  Although this provides a uniform baseline for 242 

follicular size and activity, potentially facilitating cryopreservation standardization, it limits 243 

insights into preserving more advanced antral follicle stages; 5) Transport temperature: unlike 244 

others that transported samples at 4°C, allowing better preservation through slowed metabolic 245 

processes, our study maintained room temperature during transport, which could adversely 246 

affect tissue viability. Additionally, ovarian tissue might be sensitive to handling and 247 

manipulation, in line with findings on testicular fragments in cats [18].  248 

In analyzing results by follicular type, vitrification and slow freezing both exhibited 249 

higher degeneration percentages compared to controls; however, they varied in their 250 

effectiveness depending on the follicular type preserved. Vitrification was particularly effective 251 

at preserving early antral follicles, whereas slow freezing minimized damage to preantral 252 

follicles. This may be due to the differing susceptibilities of follicular types to ice crystal 253 

formation. Early antral follicles, which are larger and more susceptible to ice-crystal induced 254 

harm, benefit from vitrification´s rapid cooling (that reduces crystal formation). Conversely, 255 

smaller preantral follicles, potentially more resilient to ice formation, may adapt better to slow 256 

freezing´s gradual temperature changes. 257 

Currently, only two studies have directly compared vitrification and slow-freezing 258 

techniques in canine ovarian tissue. Jivago [17] found vitrification superior in preserving 259 

primordial and primary follicle ultrastructure, whereas Fujihara [19] observed that both 260 

techniques maintained follicular morphology, but only vitrified follicles retained morphology 261 

up to 5 weeks after xenotransplantation. Variability in protocol details, such as cryoprotectants 262 
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associations and device usage, was significant across these studies. Our study utilized cryotubes 263 

for both methods, unlike Jivago´s use of a solid surface and Fujihara´s needle immersion. 264 

Cryotubes, made from low thermal conductivity materials like polypropylene, may slow 265 

cooling rates, affecting vitrification efficiency [20]. In contrast, needle immersion, an open 266 

system made from stainless steel, enhances rapid heat exchange, facilitating both cooling and 267 

warming rates. However, cryotubes provide a closed system advantage, preventing 268 

contamination and simplifying long-term liquid nitrogen storage. Additionally, the choice of 269 

cryoprotectants, including DMSO, remains critical. Most canine ovarian tissue 270 

cryopreservation studies, including ours, vary in cryoprotectant concentration and combination, 271 

limiting result comparability across research. Nonetheless, literature asserts that DMSO is 272 

generally safe as a cryoprotectant alone or combined, particularly in lower concentrations [21]. 273 

It is suitable for ovarian tissue preservation due to its lower molecular weight, which allows for 274 

faster penetration into the tissues compared to other cryoprotectants [22].  This rapid permeation 275 

is critical, as the extent of follicular survival is at least partly determined by how quick the 276 

cryoprotectant can diffuse into the cells, thus minimizing ice crystal formation and cellular 277 

damage.  278 

According to Faustino et al. [23], although classical histological assessment is popular 279 

due to affordability and the ability to evaluate large follicle numbers, it only detects advanced 280 

signs of atresia, such as nuclear pyknosis, cytoplasmic damage, granulosa cell detachment, and 281 

basement membrane damage. Apoptosis, the primary underlying mechanism of follicular 282 

degeneration, plays a crucial role in tissue homeostasis [24]. Thus, immunohistochemistry for 283 

apoptosis rate evaluation can identify earlier tissue impairment stages [8], serving as a marker 284 

for cryopreservation protocol efficacy. Our immunohistochemistry data revealed that the slow- 285 

freezing group had a higher proportion of cells without apoptosis (84.21%) compared to the 286 

vitrified group (53.12% to 62.5%, depending on the follicular type). Conversely, the vitrified 287 
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group showed a higher percentage of damage, reflected in the score 4, where total damage 288 

exceeded 36%. Similarly, Rahimi et al. [25] reported more apoptotic cells in vitrified human 289 

ovarian tissues compared to those preserved using slow freezing. In contrast, Hariya & Suzuki 290 

[26] found no apoptotic cells in primordial vitrified follicles in evaluations immediately after 291 

thawing using material from prepubertal bitches. 292 

Thus, taking the caspase and histological evaluation results together, slow freezing 293 

emerges as the method that causes less damage and impairment to cryopreserved tissue. 294 

Moreover, our results corroborate what has already been reported by our research group 295 

concerning feline ovarian tissue [8], i.e. that morphologically normal follicles were positive for 296 

caspase-3. This finding may constitute confirmation of what has been reported by other 297 

researchers: follicles that are considered intact through morphological evaluation after 298 

cryopreservation/thawing may lose their developmental capacity, regardless of the technique 299 

used [17]. These findings underscore the imperative of additional assessment methods beyond 300 

histological analysis to accurately gauge cryopreservation-induced damage.  301 

Culturing of ovarian tissue and xenografting in immunosuppressed mice are procedures 302 

of choice for verifying the viability of post-cryopreserved tissue. In humans, these methods 303 

have culminated in reports of live births following slow-frozen ovarian tissue 304 

autotransplantation [27], with over 100 documented cases worldwide. However, the requisite 305 

expertise for such procedures is possessed by only a few laboratories globally, limiting broader 306 

implementation and progress. Literature suggests slow-freezing techniques typically yield the 307 

best results. Conversely, vitrification, although requiring further refinement, presents 308 

significant potential for expansion due to its simplicity, speed, cost-effectiveness, and minimal 309 

equipment requirements, allowing wider adoption even in basic laboratory settings.  310 

 311 

Conclusion 312 
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 In conclusion, our study underscores the superiority of slow freezing as the optimal 313 

technique for preserving canine ovarian tissue.  The impressive rates of follicular integrity and 314 

low levels of apoptosis observed with this method demonstrate its efficacy in maintaining the 315 

viability of ovarian tissue. Additionally, our findings reveal the differential cryotolerance of 316 

various follicular types, with early antral follicles favoring vitrification for improved 317 

preservation, while slow freezing proves more beneficial for safeguarding preantral follicles. 318 

 The successful cryopreservation of canine ovarian tissue holds immense promise for 319 

advancing assisted reproduction techniques in dogs. With the ongoing advancements in 320 

reproductive technologies, having cryopreserved ovarian tissue readily available will be crucial 321 

in unleashing the full potential of future IVM and IVF systems. This invaluable resource will 322 

not only ensure the preservation of genetic material from exceptional dog breeds but also 323 

contribute to the conservation of endangered canid species.  324 
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Figures 418 

 419 

 420 

Fig 1. Photomicrograph of canine ovarian tissue submitted to cryopreservation, illustrating the 421 

main morphological changes. A. Detachment of basal membrane in the primordial follicle 422 

(arrow). B. Presence of vacuolizations in the primordial follicle (arrow). C. Presence of 423 

vacuolizations in the early antral follicle (*). Bars represent 50 m. H.E. staining. 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 
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 432 

Fig 2. Mean ± standard error of the relationship between degenerated follicles and normal 433 

follicles obtained from canine ovarian tissue before (control) and after cryopreservation (slow 434 

freezing and vitrification). Analysis by the Kruskal-Wallis test followed by the Dunn's multiple comparison 435 

test. Different letters were considered significant for p<0.05. 436 

 437 

 438 

 439 

 440 

 441 

 442 

 443 

 444 

 445 
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 447 

 448 
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 449 

 450 

Fig 3. Photomicrograph of canine ovarian cortex submitted to cryopreservation and evaluated 451 

by immunohistochemistry for expression of cleaved caspase-3. Score 0 = absence of nuclear 452 

and cytoplasmic labeling in follicles; score 1= up to 25 % of marked cells; score 2= 26 % up to 453 

50 % of marked cells ; score 3=51 % up to 75 %; Score 4 = more than 75 % of follicles labeled 454 

for caspase-3. 455 
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Tables  456 

Table 1. Absolute and relative number (%) of primordial, preantral, and early antral follicles 457 

included in ovarian tissues before (control) and after cryopreservation (slow freezing and 458 

vitrification) morphologically evaluated by H&E stain. 459 

n = Number of follicles per group. a,b,c Different superscript letters in the same column differ from each other by 460 
the Kruskal Wallis test, p <0.05. 461 

 462 

 463 

Table 2. Immunohistochemical evaluation of canine ovarian follicles by caspase-3 expression. 464 
  EVALUATION OF APOPTOSIS RATES 

GROUPS Follicles 
Score 0 

(0-5%) 

Score 1  

(6-25%) 

Score 2 

(26-50%) 

Score 3 

(51-75%) 

Score 4 

(>75%) 

% Total 

damage 

Fresh 

(n=24) 

Primordial 
 24 

(100%) 
0 0 0 0 0a 

Preantral 24 (100%) 0 0 0 0 0a 

Early antral 24 (100%) 0 0 0 0 0a 

Slow 

freezing 

(n=19) 

Primordial 
16 

(84.21) 
0 0 

2 

(10.53) 

1 

(5.26) 
13.16b 

Preantral 
16 

(84.21) 
0 

1 

(5.26) 
0 

2 

(10.53) 
13.16b 

Early antral 
16 

(84.21) 
0 

1 

(5.26) 
0 

2 

(10.53) 
13.16b 

Vitrification 

(n=32) 

Primordial 
20  

(62.5) 
0 0  1 (3.12) 11 (34.37) 36.72c 

Preantral 
18  

(56.25) 
0 0 1 (3.12) 13 (40.62) 42.97c 

Early antral 
17  

(53.12) 
0 0 2 (6.25) 13 (40.62) 45.31c 

Kruskal-Wallis analysis followed by Dunn´s multiple comparisons, considering p <0.05. 465 

 466 

 467 

 

Groups 

Primordial follicles Preantral Follicles Early antral Follicles 

Normal Degenerated Normal Degenerated Normal Degenerated 

Control 

(n=781) 

174 

(22.27)a 

95  

(12.16)a 

234 

(29.96)a 

180 

(23.04)a 

55 

(7.04)a 

43 

(5.50)a 

Slow 

freezing 

(n=461) 

 

98 

(21.25)b 

98 

(21.25)b 

103 

(22.34)b 

112 

(24.29)b 

10 

(2.16)b 

40 

(8.67)b 

Vitrification 

(n=762) 

157 

(20.60)c 

209 

(27.42)c 

96 

(12.59)c 

217 

(28.47)c 

38 

(4.98)a 

45 

(5.90)a 


