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Abstract

The present study aimed to evaluate the structure, survival and development of isolated caprine 

(secondary-SEC and early antral-EANT) follicles, after vitrification in the presence of synthetic 

polymers and in vitro culture. Additionally, transzonal projections (TZPs) and p450 aromatase 

enzyme were evaluated. After isolation, SEC and EANT follicles were in vitro cultured for six 

days or vitrified. After one week, SEC and EANT follicles were warmed and also in vitro cultured 

for six days. Data revealed that the percentage of morphologically normal follicles was similar 

between fresh and vitrified follicles in both follicular categories and antrum formation rate was 

similar between fresh and vitrified SEC follicles. Fluorescence by calcein-AM did not show 

difference between fresh and vitrified (SEC and EANT) follicles, however, the trypan blue test 

showed low viability for vitrified follicles. The integrity of TZPs was not affected between fresh 

and vitrified SEC follicles, however, in vitrified EANT follicles, there were signs of TZPs loss. 

Regarding steroidogenic function, it was observed a positive staining for p450 aromatase enzyme 

in fresh and vitrified SEC and EANT follicles. It was concluded that SEC follicles seem to be 

more resistant to vitrification than EANT follicles, as shown by the trypan blue test and TZPs 
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assay. Future studies may confirm this hypothesis, in order to consolidate the use of SEC and 

EANT follicles as an alternative to ovary cryopreservation.

Keywords

Cryopreservation; Ovarian follicles; TZPs; Endocrine function; Goat

1. Introduction

Cryopreservation is a great ally of assisted reproduction techniques in humans, making a 

positive contribution in clinic therapies in women who wish to restore their reproductive 

function after oncologic treatments [1], especially through ovarian tissue cryopreservation 

(OTCP). With the OTCP aid, by slow freezing [2] as well as vitrification [3,4], more than a 

hundred births were recording after transplantation of thawed tissue in humans [5]. 

Notwithstanding these significant advances, there still are great challenges related ischemia 

and reperfusion, as well as malignant cells reintroduction after grafting of ovarian tissue 

[6,7], particularly for cancer patients. Fortunately, the usage of preantral (secondary) and 

early antral follicles isolated from ovarian tissue could be a viable alternative for these 

patients [8,9].

These follicles are located close to the ovarian cortex surface and could be mechanically 

removed from the ovary without compromising their structure (secondary [10] e early antral 

[11]). After recovering, secondary and early antral follicles could be frozen or vitrified and 

stored for undetermined period. Subsequently, follicles could be in vitro cultured for full 

growth and oocyte maturation, functioning then as a source of potentially fertilizable oocyte 

[12]. In a previous study performed with caprine species, by our team, isolated secondary 

follicles were capable of growing and forming antral cavity, after vitrification and in vitro 
culture [13]. Nonetheless, these follicles were vitrified enclosed in the ovarian cortex, whose 

extracellular matrix composed by different cell types, represents a barrier for optimal 

performance of cryoprotectant agents [14,15] and for adequate preservation. On the other 

hand, although OTCP is more challenging than isolated cell structures, the cryopreservation 

of isolated ovarian follicles also involves some factors, which must be carefully considered. 

Among these factors we can highlight: (1) the absence of ovarian stroma that acts supporting 

follicles; (2) the contact of cryoprotectants and (3) osmotic forces that act directly on the 

follicles. These factors could cause damage to transzonal projections (TZPs) present among 

granulosa cells and the oocyte, jeopardizing follicle development and hormone function 

[16,17].

In this study, we vitrified caprine secondary and early antral follicles, as translational model 

for human species, using a vitrification protocol previously employed for vitrifying isolated 

non-human primate follicles, associating intracellular to extracellular cryoprotectants as 

synthetic polymers, in the vitrification solution [18,19]. Synthetic polymers are molecules 

similar to ice-binding proteins (IBP) found in living beings of cool temperature 

environments [18], which when added to vitrification solution, they could reduce ice crystal 

formation. Previous studies showed the benefits of these polymers for cryopreservation of 
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rabbit [20] embryos, swine [21] and equine [22] oocytes, and ovarian preantral follicles in 

non-human primates [18-20] and bovine [23] species.

In order to preserve female fertility, the present study aimed to compare the capacity of 

survival, growth, formation, potential endocrine function (presence of p450-aromatase) and 

TZPs integrity between secondary and early antral follicles, after vitrification, followed by 

in vitro culture.

2. Materials and methods

2.1. Ethical approval and chemicals

This study was approved and performed under the guidelines of the Ethics Committee for 

Animal Use of the State University of Ceará (4999537/2018).

Ethylene glycol and glycerol (cryoprotectants) were obtained from Dinâmica Química and 

Sigma Chemical co. (St. Louis, MO, EUA), respectively. The culture medium and other 

chemicals were obtained from Sigma Chemical (unless stated otherwise).

2.2. Collection of ovaries and experimental design

Ovaries (n = 80) from forty mixed-breed goats (1–3 years of age) were collected at a local 

abattoir. Immediately after slaughter the ovaries were recovered and washed once in 70% 

ethanol and then washed twice in buffered minimum essential medium (MEM) 

supplemented with HEPES and antibiotics (100-mg/mL penicillin and 100-mg/mL 

streptomycin). Ovaries were immediately transported to the laboratory in MEM at 4 °C 

within 1 h of collection [24].

Once at the laboratory, ovaries were submitted to isolation of preantral (secondary) and early 

antral follicles, as following described. Both secondary (SEC) and early antral (EANT) 

follicles were randomly distributed into two groups, i.e. fresh and vitrified. Fresh follicles 

were immediately in vitro cultured for 6 days, whilst the remaining follicles were vitrified 

and stored in liquid nitrogen (LN2) for 7 days. After cryostorage period follicles (SEC and 

EANT) were warmed and immediately in vitro cultured for 6 days. During and at the end of 

the culture, the following parameters were evaluated: morphological appearance, follicular 

development (antrum formation and growth) and viability. Furthermore, the presence and 

integrity of transzonal projections (TZPs) were evaluated on days 2 (D2) and 6 (D6) of 

culture by immunofluorescent staining. On D6 the activity of aromatase enzyme was also 

evaluated by immunohistochemistry staining. Each treatment was repeated five times.

2.3. Follicular isolation

Slices (1–2 mm thick) of ovarian cortex were initially obtained under sterile conditions using 

a surgical blade and then placed in holding medium consisting of MEM–HEPES with 

antibiotics (penicillin and streptomycin, both at 100 μg/mL). Secondary and early antral 

follicles visualized in ovarian cortical slices were selected, considering morphology and 

diameter, and then were isolated mechanically by microdissection using 26-gauge (26-G) 

needles under a stereomicroscope (SMZ 645 Nikon, Tokyo, Japan). Secondary follicles (250 

μm in diameter, surrounded by at least two granulosa cell layers, without antral cavity and 
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visible oocyte) [25] and early antral follicles (350 μm in diameter with visible antral cavity) 

[11] were in vitro cultured or vitrified and stored in LN2 for 7 days.

2.4. Cryoprotectants exposure, vitrification, warming and cryoprotectants removal 
procedures

The vitrification/warming was performed according to the protocol described by Ting et al. 

[19], with slight modifications. Briefly, follicles of each category (secondary and early 

antral) were successively exposed to the intracellular cryoprotectants in three different 

equilibration solutions (ES), presenting a common base consisted by MEM-HEPES, 15% 

fetal calf serum (FCS), and 1 μl/mL ascorbic acid, added by intracellular cryoprotectants: a) 
5% glycerol (ES1); b) 15% glycerol and 15% ethylene glycol (ES2) and c) 30% glycerol 

and 30% ethylene glycol (ES3). The exposure of follicles to the equilibration solutions (ES1, 

ES2 and ES3) was performed at room temperature for 5, 3 and 2 minutes, respectively. After 

last exposure, follicles were transferred to vitrification solution (VS) composed by 50% of 

ES added to extracellular cryoprotectants, i.e. synthetic polymers (20% Supercool X-1000, 

40% Supercoool Z-1000 and 20% Polyvinylpyrrolidone – PVP).

For the vitrification procedure itself, groups of 5 follicles (SEC or EANT) were transferred 

to 0.25 mL straws (MINITUBE BRASIL). The straws were filled with VS-air-follicles-air-
VS and were finally heat sealed. Subsequently, straws were exposed to LN2 vapor for 2 min 

and then were directly plunged into LN2 and stored until warming procedure.

After one week of storage, straws containing follicles were warmed at room temperature for 

5 s and were subsequently submerged into a 45 °C water bath for 30 s, until the VS had 

completely warmed to a liquid state. Follicles were recovered from straws and submitted to 

removal, by using four different successive washes (3 minutes each), in different washing 

solutions consisting of MEM-HEPES added by decreasing concentrations of sucrose (i.e., 1 

M, 0.75 M, 0.5 M and 0.25 M). Thereafter follicles were washed twice in MEM-HEPES 

supplemented with 100 μg/mL penicillin and streptomycin, 15% FCS for 5 minutes. Finally, 

follicles were in vitro cultured, according to the appropriate protocol for each follicular 

category.

2.5. In vitro culture of secondary and early antral follicles

Fresh and vitrified/warm secondary follicles were individually cultured in 96-well ultra-low 

attachment microplates (96-Well, Corning Incorporated, Corning, Kennebunk – ME, EUA) 

containing 250 μL of medium per well [26]. The culture medium consisted of α-MEM 

(Sigma - M8650, pH 7,2–7,4) supplemented with 3 mg/mL bovine serum albumin (BSA), 

10 μg/mL recombinant human insulin, 5.5 μg/mL transferrin, 5 ng/mL selenium, 2 mM 

glutamine, 2 mM hypoxanthine and 50 μg/mL ascorbic acid [25].

Fresh and vitrified/warm early antral follicles were also individually cultured, in 100 μL-

drops of culture medium under mineral oil in Petri dishes (60 × 15 mm, Corning 

Incorporated, Corning, EUA). The culture medium for this follicular category consisted of 

α-MEM (Sigma – M8650, pH 7,2–7,4) supplemented with 3 mg/mL BSA, 10 ng/mL 

recombinant human insulin, 5.5 μg/mL transferrin, 5 ng/mL selenium, 2 mM glutamine, 2 
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mM hypoxanthine, 50 μg/mL ascorbic acid, and 50 ng/mL bovine growth hormone as 

described by Cadenas et al. [11]

For both follicular categories, the culture was carried out at 38.5 °C in 7.5% CO2 in air for 6 

days and the medium was replaced partially every other day.

2.6. Morphological evaluation and in vitro follicular development

Fresh or vitrified secondary and early antral follicles before and after in vitro culture were 

classified as normal (intact basement membrane and without oocyte extrusion, bright and 

homogeneous granulosa cells and homogeneous cytoplasm of the oocyte) or degenerated 
(rupture of basement membrane and extruded oocyte, dark oocyte and granulosa cells 

associated with a reduced follicular diameter, at the end of culture).

For growth evaluation, follicular diameter was measured using an ocular micrometer 

attached to a stereomicroscope on D0 and D6 of culture. Thus, the mean of two 

perpendicular measures of each follicle was calculated to determine follicular diameter. The 

daily follicular growth rate (DFGR) was calculated using the formula shown below. Antrum 

formation was defined by the presence of a visible translucent cavity among granulosa cell 

layers.

DFGR = NF diameter on D6‐NF diameter on D0
Total number of days in vitro culture

DFGR – Daily follicular growth rate

NF – Normal follicles

2.7. Viability assays

At the end of the culture period, fresh or vitrified follicles were randomly distributed for 

viability assay by fluorescence or vital stain test, establishing a percentage of viable follicles 

in each assessment. For fluorescence analysis, a total of 92 secondary follicles (fresh: 45 and 

vitrified: 47) and 82 early antral follicles (fresh: 41 and vitrified: 41) were evaluated. 

Follicles were incubated at room temperature during 30 minutes in 100 μL of PBS 

supplemented with 4 μM calcein-AM and 2 μM ethidium homodimer-1, (Molecular Probes - 

LIVE/DEAD Viability/Cytotoxicity Kit for mammalian cells - L3224, Invitrogen, Karlsruhe, 

Germany) and fixed in 0.5% glutaraldehyde. Then follicles were immediately examined by 

fluorescence microscopy (Eclipse 80i; Nikon, Tokyo, Japan) and classified as viable when 

cytoplasm was stained in green with calcein-AM and non-viable when chromatin was 

stained in red with ethidium. The fluorescence emission of both calcein-AM (green) and 

ethidium homodimer-1 (red) was measured at 488 and 568 nm, respectively [13].

For the trypan blue dye exclusion test, 95 secondary follicles (fresh: 45 and vitrified: 50) and 

87 early antral follicles (fresh: 46 and vitrified: 41) were incubated for 2 minutes at room 

temperature in 0.4 % trypan blue solution (Sigma Chemical co.). Evaluation of trypan blue 
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staining was carried out under a stereomicroscope and follicles were classified as viable 
when unstained and non-viable when stained with trypan blue [27].

2.8. Analysis to visualize the transzonal projections (TZPs)

Fresh and vitrified follicles (secondary and early antral) in day 2 and day 6 were fixed in 4% 

paraformaldehyde (PAF) for up 1 h at room temperature. Then follicles were transferred to a 

fixation solution consisted of PBS added by 0.1% BSA and 0.1% Tween20 for 8–12 h at 4 

°C. Briefly, follicles were transferred to a blocking solution composed of PBS added by 

0.5% BSA, 0.2% sodium azide, 1% milk powder, 10% goat serum, 1% donkey serum, 0.1 M 

glycine and 0.1% Triton X for 1 h under agitation and protected from light. Subsequently, 

follicles were incubated for 2 h at room temperature with Alexa 488 Phalloidin antibody 

(Invitrogen, cat# T6199 – dilution 1:50) under agitation and protected from light. After the 

incubation period, follicles were submitted to three rinses in blocking solution, for 5 minutes 

each. Finally, follicles were placed in 60-well slides (μ-Slide Angiogenesis IbiTreat, Ibidi 

GmbH – Germany) with DAPI (ABCAM - 104139) and examined by confocal laser 

scanning microscopy (Zeiss LSM 700META, Weimer, Germany).

2.9. Immunohistochemistry for aromatase

Secondary and early antral follicles (fresh or vitrified) were fixed in 4% PAF for 1 h, 

dehydrated in alcohol, cleared in xylene, embedded in paraffin wax and serially sectioned at 

7 μm. Sections were mounted on positively charged slides and processed by 

immunohistochemistry for aromatase staining, expressing steroid activity. The antigen 

retrieval was performed by incubating slides in a retrieval buffer for 20 min at 98 °C (low 

pH). For blocking endogenous peroxidase activity, 10% H2O2 in methanol was used. 

Subsequently, slides were incubated for 30 minutes with rabbit polyclonal anti-aromatase 

(1:200 – AB18995). Then slides were incubated for 30 minutes with anti-rabbit IgG 

secondary antibody (1:200 – ab97046; abcam, Cambridge, UK), followed by incubation in 

the avidin-biotin complex (ABC; Vector Laboratories, Burlingame, CA, USA), which 

interacts with diaminobenzidine chromagen solution (DAB; Dako, inc, USA). The slides 

were later counterstained with hematoxylin and Scott’s solution. Negative controls were 

obtained by omission of the primary antibodies. Immunostaining was evaluated based on the 

presence, or not, of positive staining for aromatase.

2.10. Statistical analysis

Statistical analyses were performed using Sigma Plot 11.0 (Systat Software Inc., EUA). 

Variables presented as percentage were evaluated by chi-square or Fischer’s exact tests. The 

comparison of mean values was evaluated by one-way ANOVA, followed by Student-

Newman-Keuls post-hoc test or t-test, when appropriate. Data are presented as mean ( ± 

s.e.m.) and percentage and the statistical significance was defined as P < 0.05 (two-sided).

3. Results

3.1. Follicular morphological features after vitrification and in vitro culture

Regarding morphology (visual analysis), in Fig. 1, we could see normal (A, B, D e E) and 

degenerated (C and F) follicles. Table 1 shows the percentage of normal follicles, follicular 
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diameter and antrum formation (SEC follicles). Although a significant reduction was 

observed in the morphologically normal SEC and EANT follicles at the end of the in vitro 
culture period (day 6), there was no significant difference between fresh and vitrified 

secondary follicles.

After 4 days of culture, 61% of secondary follicles (fresh and vitrified) showed a small 

antral cavity (data not shown), and subsequently, it was observed at the end of culture (D6) 

that the rate of antrum formation increased to 95% in fresh follicles and 89% in vitrified 

follicles, with no significant difference between groups (P < 0.05). At day 6 of in vitro 
culture, we observed that the diameter of vitrified secondary follicles was lower (P < 0.05) 

than fresh follicles diameter. Similar results were observed for follicular growth rate 

between fresh and vitrified secondary follicles. As expected, at the end of culture, the 

follicular diameter of early antral follicles was higher (P < 0.05) than diameter of vitrified 

secondary follicles. Nonetheless, the growth rate of vitrified secondary follicles was higher 

than vitrified early antral follicles (P < 0.05).

3.2. Follicular viability after in vitro culture

A total of 187 and 169 secondary and early antral follicles (fresh or vitrified) was evaluated 

for follicular viability after six days of in vitro culture, respectively. Fig. 2 shows graphics 

and representative images of follicular viability for calcein-AM and ethidium homodimer-1, 

as well as for trypan blue dye. Regarding viability by calcein and ethidium, it was 

demonstrated that follicular viability did not differ (P > 0.05) between fresh and vitrified 

follicles in both follicular categories (secondary and early antral). On the other hand, the 

percentage of viable SEC follicles (fresh or vitrified) was higher (P < 0.05) than percentage 

of viable EANT follicles.

With relation to viability evaluated by trypan blue dye test, the percentage of fresh viable 

follicles was higher than vitrified follicles in both follicular categories (SEC and EANT). 

Furthermore, the viability of vitrified SEC follicles was higher (P < 0.05) than viability of 

vitrified EANT follicles.

3.3. Structural analysis of transzonal projections (TZPs)

Considering that TZPs play an important role in information exchange among granulosa 

cells and among these cells and oocyte, the integrity of these structures was evaluated after 

vitrification/warning and in vitro culture. Our images suggested that TZPs were present and 

intact in fresh (secondary and early antral) and vitrified (only secondary) follicles (Fig. 3). 

However, vitrified early antral follicles seem to show a lower fluorescent intensity for the 

structures, suggesting the loss of TZPs in some segments of these follicles.

3.4. Activity of enzyme p450 aromatase

We used immunohistochemistry assay for evaluating p450 aromatase enzyme activity on 

granulosa cells of fresh or vitrified ovarian follicles (Fig. 4). Immunostaining was weak, 

moderate or strong, based on staining intensity. Data showed strong staining on granulosa 

cells for both category of follicles (fresh and vitrified) after six days of in vitro culture. As 
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expected, negative control (Fig. 4E), obtained by primary antibody omission, did not show 

staining for the p450 enzyme.

4. Discussion

The cryopreservation of follicles (secondary and early antral) isolated from the ovarian 

environment in order to preserve female gamete from toxic effects caused by chemo- and/or 

radio-therapies could be a promising strategy for reproductive function restoration for 

women submitted to treatments against cancer. Nevertheless, due to ethical, legal and 

religious issues, as well as lack of necessary material for investigation, several studies 

involving cryopreservation and in vitro culture of ovarian follicles have been performed in 

different animal species (caprine [13], ovine [28], mouse [29], and non-human primate 

[18,19]) as translational models for human species. For this purpose, in the present study, we 

used caprine ovarian follicles, considering not only the similarity of structure and ovarian 

organization, but also aspects related to folliculogenesis [30,31] between the two species.

The data showed that at the end of the culture period (6 days), the percentage of 

morphologically normal follicles between fresh and vitrified follicles did not differ in both 

follicular categories. Similar results were related in previous studies either for secondary 

follicles (non-human primates [19], ovine [32], and caprine [13]), as for early antral follicles 

[33]. It is known that the cryopreservation process causes follicular injuries, however, 

according to our results and to other’s authors findings [34], depending on severity grade, 

these injuries could not be visualized by light field optic microscopy. This means that 

follicles that present normal aspects analyzed by stereomicroscope could not have been 

viable when submitted to a viability test.

Our results showed that a great percentage of fresh (95%) or vitrified (90%) secondary 

follicles were capable of growing and forming an antral cavity after culture in a similar way. 

These results also are in agreement with previous studies performed by our team in ovine 

[32] and caprine [13] species. The formation of antral cavity in fresh secondary follicles 

isolated from ovarian tissue and in vitro culture has been a common event in the caprine 

species [35-37,25]. This suggests that the responsible mechanism for this feature was not 

probably blocked in vitro and could be influenced by components (amino acids, proteins, 

growth factors and hormones) present in culture medium [38,39]. Considering this statement 

as true, we also supposed that this follicle function was not really affected by the applied 

vitrification procedure.

The diameter and in vitro daily follicular growth rate of vitrified secondary follicles were 

lower than fresh follicles. Previous studies also revealed that vitrified follicles exhibited 

lower growth rates [40]. This could be due to stress conditions in which follicles are 

submitted during vitrification, like cryoprotectant exposure, low temperatures, as well as 

solution effect caused by the osmotic pressure of different vitrification solutions and removal 

[41]. Nevertheless, vitrified early antral follicles maintained mean diameter and growth rate 

similar to fresh follicles. In this case, the increase of follicular diameter could have been 

attributed only by antral cavity expansion, since this feature was not negatively affected in 

both follicles, fresh or vitrified. In addition, the growth rate of vitrified secondary follicles 
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was higher than early antral follicles also vitrified. We suggest that this result is due to the 

fact that secondary follicles are less developed and present a lower number of cells and are 

less metabolically active [42-44], giving them better resistance to vitrification process, 

compared to early antral follicles.

According to fluorescent staining with calcein-AM, independent to the follicular category, 

viability was similar between fresh and vitrified follicles. Calcein-AM is a marker capable of 

being transported through the cellular membrane in live cells. After transport in the cell, 

intracellular esterases remove the acetomethoxy group and the molecule binds to the calcium 

in the cell interior, resulting in green fluorescence. As dead cells lose active esterases, only 

live cells are stained [45]. Based on this assay, we state that the vitrification process also did 

not affect the activity of this enzyme, in both follicular categories.

On the other hand, the trypan blue dye test shows that the viability of vitrified follicles was 

lower than fresh follicles in both categories. Knowing that this method is adopted to evaluate 

membrane rupture, we could suggest that this damage could have occurred due to the 

mechanic stress suffered by follicles during concentration gradient generation that naturally 

takes place during the steps of addition and removal of cryoprotectant agents [46]. Several 

researchers have reported the reduction of follicle viability after vitrification procedure 

[47,33,48], that could be due to osmotic and toxic effects exerted by cryoprotectant 

exposures, leading to membrane rupture and consequently follicular death. In addition, some 

crucial elements such as the correct balance of solutions, time and exposure procedures to 

cryoprotectants, temperatures and the use of different devices are essential to reduce possible 

damage caused during cryopreservation. [49,50].

For a more accurate evaluation of the follicles, we also assayed TZPs. The TZPs are 

transmembrane extensions that originate in granulosa cells of ovarian follicles and reach the 

oocyte surface through the zona pellucida. In the oocyte, these projections form gap 

junctions and adherent that allow the exchange of information between two cells [51]. TZPs 

are essential structures for the exchange of paracrine factors (hormones, growth factors, 

transcription factors, second messengers and nutrients) [52]. Thus, maintaining the integrity 

of these structures is essential to guarantee the follicular development process.

In the present study, confocal microscopy analyses showed that TZPs were present and 

intact in both fresh and vitrified follicles for both categories. Nevertheless, it was observed 

that in vitrified early antral follicles, the TZPs were less intense, not only at day 6, but 

already from day 2 of in vitro culture. This finding suggests that TZPs could not be restored 

throughout the culture period, which could be due to either the vitrification protocol or the in 
vitro culture system that is not yet fully suitable for these follicles. Barret et al. [53] also 

observed a reduction on TZP quantity in human ovarian follicles cryopreserved and cultured 

for 2 and 6 days, compared to non-cryopreserved follicles.

Besides morphological and structural aspects, we also evaluated follicular functionality, by 

immunohistochemistry of p450 aromatase enzyme in granulosa cells and in oocyte of fresh 

and vitrified follicles. Previous studies reported that gene expression of p450 aromatase is 

intimately related to the production of high levels of estradiol in caprine secondary follicles 
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[39]. The p450 aromatase is a steroidogenic enzyme that catalyzes androgens to estrogens 

[54], indicating normal follicular endocrine function. The results of the present study 

indicated the presence of this enzyme in both granulosa cells and oocytes of secondary and 

early antral follicles (fresh and vitrified), suggesting that even after vitrification process, 

follicles maintained their steroidogenic function.

In summary, this study showed that secondary and early antral follicles isolated from caprine 

ovarian stroma were capable of surviving and growing after vitrification and in vitro culture 

for a short period. Although we are not yet able of conducting full in vitro development of 

preantral follicles, secondary follicles seem to better resist than antral follicles, to the stress 

caused by vitrification and in vitro culture conditions, as it was revealed by viability assay 

with trypan blue. Although vitrified early antral follicles have shown fragility in the TZPs, 

our data are quite encouraging, since these structures seem to be maintained in secondary 

follicles (fresh and vitrified), additionally, evidence of steroidogenic capacity was 

maintained in both follicular categories.

We can conclude that SEC follicles seem to be more resistant to vitrification than EANT 

follicles, as shown by the trypan blue test and TZPs assay. Future studies may confirm this 

hypothesis, in order to consolidate the use of SEC and EANT follicles as an alternative for 

preserving fertility.
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Fig. 1. 
Representative images of secondary and early antral follicles. Morphologically normal, 

translucent follicles, with intact membrane and bright and homogenous surrounding 

granulosa cells (A, B, D and E). Degenerated follicles, with irregular shape, dark oocyte and 

granulosa cells, integrity loss and diameter reduction (C and E). a: antrum, o: oocyte, gc: 
granulosa cells (original magnification 10×). Scale bar = 200 μm.
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Fig. 2. 
Viability of fresh and vitrified secondary and early antral follicles after in vitro culture. 

Percentage of viable follicles per treatment in both categories evaluated by (A) Calcein-AM 

and (B) Trypan blue. (C) Representative images of secondary (c1 and c3) and early antral 

(c5 and c7) follicles in light field and after fluorescent staining by calcein-AM (secondary: 

c2 and c4) and (early antral: c6 and c8). Representative images of fresh and vitrified 

follicles, viable (d1 and d2) e non-viable (d3 and d4), evaluated by trypan blue, after six 

days of in vitro culture. a,b,c Within a column (P < 0.05). Scale bar = 200 μm.
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Fig. 3. 
Confocal microscopy images depicting trans-zonal projections (TZPs) in oocytes of goat 

secondary and early antral follicles. COCs from D2 (a) and D6 (b) fresh EANT follicles, 

COCs from D2 (c) and D6 (d) vitrified EANT follicles (d), COCs from D2 (e) and D6 (f) 

fresh SEC follicles and (g) COCs from vitrified D6 SEC follicles. White arrow indicates the 

TZPs. Scale bar = 50 μm.
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Fig. 4. 
Immunohistochemical staining for p450 aromatase in (A) fresh secondary follicles (B) fresh 

early antral follicles (C) vitrified secondary follicles (D) vitrified early antral follicles (E) 

negative control. (o) oocyte and; (gc) granulosa cells. Scale bar = 100 μm.
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