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ABSTRACT 

Ovarian Tissue Cryopreservation (OTC) is a promising technique for reproductive 

preservation in women with cancer. Although this technique has been successfully applied 

in many Invitro Fertilization (IVF) centers worldwide, OTC has not been recently developed 

in Vietnam, and there are no publications of OTC. The study of OTC by vitrification at 

IVFMD, My Duc Hospital, was conducted from 2018 to 2023 with trial registration number 

NCT04666376. Ovarian tissues from each patient were divided into 3 groups: group 1, 

which consisted on fresh tissues as a control group; group 2, which consisted of vitrified 

tissues using the Ova Kit Type M (Kitazato, Japan); and group 3, which consisted of vitrified 

tissues using IVFMD medium. The findings showed that the rates of viable follicles and 

follicles with both healthy oocytes and CGs in groups 2 and 3 were significantly lower than 

in group 1, at [80.3% in group 1, 70% in group 2, and 65% in group 3] and [71.3% in group 

1, 59.4% in group 2, and 58.3% in group 3] respectively (P < 0.05). The results aligned with 

previous findings due to the negative effects of cryopreservation. Moreover, it was illustrated 

that there was no change in the quality of tissue between the commercial medium and 

IVFMD’s medium in OTC. 
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INTRODUCTION 

Since the birth of the first baby after the 

transplantation of frozen ovarian tissues in 

2004, ovarian tissue cryopreservation (OTC) 

and transplantation have been considered 

promising techniques for reproductive 

preservation in women with cancer. Indeed, 
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cancer therapies such as radiotherapy or 

chemotherapy can extend the long-term 

survival rates of young women; however, 

they often lead to the loss of ovarian follicles, 

premature ovarian failure, and the loss of 

reproductive ability in young patients, 

female adolescents, and pre-pubescent girls. 

Although there have been more than 130 

successful live births from OTC worldwide 

recently, with 63.9% of functional tissues 

and a 57.5% spontaneous pregnancy rate 

(Leonel et al., 2019), the survival rate of 

follicles in OTC appears to be unstable. This 

instability depends on the methods of 

freezing and warming as well as the 

techniques used by embryologists or 

technicians. 

The gold standard for validating follicle 

survival in frozen human ovarian tissue has 

been the in vivo ability of the follicles to 

survive after thawing and develop following 

autotransplantation into patients or 

xenografting into immunodeficient mice 

(Rosendahl et al., 2015; Radwan et al., 2016; 

Kristensen et al., 2018). However, these 

methods are costly and require high 

technical skills and equipment. Additionally, 

the long-term observation they necessitate is 

usually not readily available at most in vitro 

fertilization (IVF) centers. Several in vitro 

models have been applied to evaluate follicle 

survival after the freezing and thawing of 

ovarian tissue. These include the prediction 

of viable follicles by neutral red staining 

(Kristensen et al., 2018) and morphological 

assessment for the integrity of follicles 

through histological analysis (Chang et al., 

2011; Fabbri et al., 2016). 

Vitrification has been successfully 

performed on embryos and oocytes in most 

in-vitro fertilization (IVF) centers in 

Vietnam since 2006. Recently, more than 

10,000 healthy babies have been born from 

vitrified embryos and oocytes. However, 

OTC has not been developed, and there are 

no publication on OTC in Vietnam. The first 

aim of our study, with clinical trial number 

NCT04666376, was to establish an OTC 

technique that could be applied to clinical 

practice in Vietnam and to use the survival 

rate and morphology of follicles as 

evaluating parameters to assess how our 

OTC technique affects the quality of ovarian 

tissue after freezing and thawing. 

MATERIALS AND METHODS 

The case study 

This study was a series of case reports on 

ovarian tissues that were collected from 

patients under 45 years old with breast 

cancer or endometrial carcinoma. Ovarian 

tissue was collected during planned cesarean 

sections or laparoscopic surgery. The study 

was approved by the Ethics Committee of 

My Duc Hospital (by the decision 31/MĐ-

HĐĐĐ, dated October 7, 2017). All patients 

were informed about the ongoing project and 

agreed to participate by signing consent 

forms. The entire ovary or a part of it was 

placed in a cooled holding medium with PBS 

buffer, supplemented with 1% synthetic 

albumin serum, 100 IU/ml penicillin, and 

100 μg/ml streptomycin at 2–4 °C, and 

transported to the IVF laboratory. Tissue 

treatment was performed approximately 

61.1±9.57 minutes after excision. 

Ovarian Tissue Treatment 

The ovarian cortical tissue was manually 

dissected from the ovary and divided into 

small pieces of about 10x10x1mm on ice 

(Figure 1). Typically, only nine pieces of 

tissue from each patient were used and split 

into three groups (3 pieces per group). The 
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first group of fresh tissue was fixed in 10% 

formalin and subsequently used as a non-

vitrified control (named group 1). The two 

remaining groups were vitrified and warmed 

using two vitrification methods: Ova Cryo 

Kit Type M (Kitazato, Japan) (named group 

2) and IVFMD medium (named group 3). 

Ovarian cortical tissue pieces obtained from 

any patient were processed for each 

cryopreservation procedure at the same time, 

stored in the same holder in a liquid nitrogen 

tank for one to several weeks, then warmed 

and analyzed in parallel. 

             

Figure 1. Ovary and ovarian tissues (10×10×1 mm) after being manually dissected. 

Vitrification and Warming 

Regarding the Ova Cryo Kit Type M method 

in Group 2, vitrification of cortical ovarian 

tissue involved three steps in the Cryo Kit 

solutions: 5 minutes in Cryo 1 solution, 5 

minutes in Cryo 2 solution, and 15 minutes 

in Cryo 3 solution at room temperature. The 

ovarian tissue was then placed on the surface 

of the Ova Cryo Device Type M (ODT), an 

open vitrification system from Kitazato, 

before plunging the ODT with tissue into 

liquid nitrogen and storage. For warming, 

the ODT with the tissue was removed from 

the liquid nitrogen and immediately plunged 

into Thaw 1 medium to 37 °C for 1 minute 

until the tissue detached from the ODT. The 

tissue was then transferred from Thaw 1 

medium to Thaw 2 medium at room 

temperature for 3 minutes before being 

transferred to Thaw 3 medium for 5 minutes. 

In group 3 with IVFMD medium, for 

vitrification, ovarian tissue was initially 

equilibrated in ES solution containing 7.5% 

ethylene glycol (EG) and 7.5% dimethyl 

sulfoxide (DMSO) (Sigma) in HEPES-

buffered TCM-199 solution (Sigma) 

supplemented with 20% synthetic albumin 

serum (HM) for 25 minutes. This was 

followed by a second equilibration in 20% 

EG and 20% DMSO with 0.5 mol/l sucrose 

as VS solution for 15 mins at room 

temperature. The ovarian tissue was then 

placed on the surface of ODT before 

plunging the ODT with tissue into liquid 

nitrogen and storage. For warming, ODT 

with tissue was removed from the liquid 

nitrogen and immediately plunged into 

37 °C TS solution, which was HM solution 

supplemented with 1 mol/l sucrose for 1 

minute. Then, the tissue was transferred into 

WS solution containing 0.5 mol/l sucrose in 

HM solution for 5 minutes at room 

temperature and washed twice in HM 

solution for 10 mins, following a modified 
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protocol based on the work of Kagawa and 

colleagues (Kagawa et al., 2009). 

Warmed ovarian tissues were cultured in 

incubated Ova culture (Kitazato) with 0.5 

IU/ml recombinant FSH (Gonal F) and 50 

ng/ml Growth Hormone, following a 

modified protocol from Ramezani and 

colleagues (Ramezani et al., 2015) at 37 oC 

in humidified air with 5% CO2 overnight 

before conducting histological evaluation. 

Neutral Red (NR) Staining 

Ovarian tissues in each group were sliced 

into fragments approximately 100 μm in 

thickness. These tissue fragments were 

incubated in preheated Ova-culture medium 

(Kitazato) at 37 °C with 30 μl NR of 0.33% 

solution (Sigma), under 5% CO2 in air, for 

4–6 hours. This method was modified from 

the protocol developed by Kristensen and 

colleagues (Kristensen et al., 2011). 

Subsequently, the fragments were examined 

under a light microscope to assess NR-

stained follicles, with those showing a 

clearly visible red color considered to be 

alive (Figure 2). 

 

Figure 2. Ovarian tissue after NR staining. (a) Viable follicles with a deep red color of NR; (b) Inviable 
follicles with a very light red color or without a red color. 

Histological Evaluation 

The ovarian tissues in each group were fixed 

in 10% formalin for 12–24 hours, followed 

by embedding in paraffin. They were then 

cut into serial sections of 10 µm in thickness, 

with Hematoxylin and Eosin (HE) staining 

performed on every third section. Follicles at 

different stages of development were 

counted and evaluated for the integrity of 

follicular morphology, including the oocyte 

and granulosa cells, under a light microscope 

at x200 magnification (Figure 3). The rates 

of integrity of follicular morphology were 

compared between fresh tissues and frozen 

tissues from the two vitrification methods 

used for each patient (Figure 4). 

Statistical Analysis 

Statistical analysis was performed using RR 

4.3.0 software, in which the Conover post 

hoc test was performed after the Friedman 

test. The significant threshold between the 

control group and vitrified groups was 

defined when a probability was lower than 

0.05 (P < 0.05). 
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Figure 3. Ovarian tissue after HE staining. (A) Follices located in the cortical area of ovarian tissue; 
(B) Primodial follicles are 25–30 µm in diameter, with the oocyte enclosed by a single layer of flat or 
squamous granulosa cells; (C) Primary follicles are 100 μm in diameter with the oocyt enclosed by a 
single layer of cuboidal granulosa cells. 

 

Figure 4. Different morphology of follicles after HE staining. (A) Follilces with both normal oocyte and 
GCs; (B) Follicles with normal oocyte and damaged GCs; (C) Follilces with both damaged oocyte and 
GCs. 

RESULTS 

Ovarian tissues were collected from 35 

donors aged 37.5 ± 4.92, most of whom 

underwent planned surgery for the removal 

of the whole or a part of the ovary at Ho Chi 

Minh Oncology Hospital, with a few 

undergoing surgery at HCMC University 

Medical Center. Approximately 50% of 

patients received cancer therapies before 

ovarian excision (Table 1). The total number 

of follicles in a 1×10×10 mm tissue in the 

group without cancer treatment patients (398 

[201; 482] follicles) was higher than this 

figure in the group with cancer treatment 

(161 [141; 286] follicles), but there was no 

statistical difference (P = 0.115) (Figure 5). 

Table 1. Characteristics of the ovary donors regarding types of cancers. 

Types of cancers  N = 35 

Age, year 37.5 (4.92) 

Diagnosis, n(%):  

Breast cancer 3 (8.57%) 

Breast cancer + chemotherapy 15 (42.9%) 
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Breast cancer + chemotherapy/radiotherapy 2 (5.71%) 

Cervical/uterine cancer 7 (20.0%) 

Endometrial carcinoma 8 (22.9%) 

 

Figure 5. Total number of follicles in a group of 
patients with or without receiving cancer 
therapies. 

Follicle Survival Rate in Ovarian Tissues 

after NR Staining 

The total number of follicles in each group 

was counted per patient in ovarian fragments, 

ranging from 19 to 222 follicles depending 

on the patient’s age and whether they had 

undergone cancer therapies such as 

radiotherapy or chemotherapy. The survival 

rates observed within these groups for each 

patient indicated significant differences 

between the fresh group and the two vitrified 

groups. Specifically, the survival rates were 

80.3% [74.2; 83.9] in group 1, 70.0% [63.1; 

73.8] in group 2, and 65.0% [60.0; 70.6] in 

group 3, with a P-value of less than 0.001 

(see Figure 6).  

The Conover post hoc tests were conducted 

following the Friedman test. Panel a 

indicates a significant difference between 

group 1 and group 2 (P < 0.05). Panel b 

illustrates a significant difference between 

group 1 and group 3 (P < 0.05). Panel c 

demonstrates a significant difference 

between group 2 and group 3 (P < 0.05). 

Histological Evaluation in Ovarian 

Tissues after HE Staining 

In the 35 patient samples, after thawing, both 

vitrified groups exhibited a significantly 

lower percentage of follicles with intact 

morphology. Group 2 had 59.4% [56.7; 

64.0] and Group 3 had 58.3% [50.9; 61.1], 

while the control group had 71.3% [61.3; 

76.3] (P < 0.05). Conversely, higher 

percentage of follicles with damage to both 

granulosa cells (GCs) and oocytes were 

observed in the vitrified groups: 25.0% 

[21.4; 28.5] in group 2 and 28.8% [21.8; 

33.0] in group 3, compared to 17.4% [13.6; 

22.6] in the control group (P < 0.05) (see 

Table 2). Meanwhile, the percentages of 

intact follicles and follicles with both GCs 

and oocytes damaged in the two vitrified 

groups were similar (P > 0.05). 
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Figure 6. Follicle survival rate in three groups after NR Staining. 

Table 2. Morphological analysis of human follicles in three groups as assessed in stained HE sections. 

Rate of 
follicles 
(%)  

Group 1  
(N = 35) 

Group 2  
(N = 35) 

Group 3  
(N = 35) 

p-value 1 vs. 2 1 vs. 3 2 vs. 3 

Both 
normal 

71.3 
[61.3;76.3] 
(1349) 

59.4 
[56.7;64.0] 
(1180) 

58.3 
[50.9;61.1] 
(1096) 

< 0.001 0.007 < 0.001 0.289 

Damaged 
GC 

12.5 
[9.69;15.9] 
(217) 

15.5 
[11.3;19.3] 
(304) 

15.6 
[11.0;19.2] 
(307) 

0.002 0.005 0.012 0.95 

Both 
damaged 

17.4 
[13.6;22.6] 
(347) 

25.0 
[21.4;28.5] 
(462) 

28.8 
[21.8;33.0] 
(484) 

< 0.001 < 0.001 < 0.001 0.21 

Total 100 (1913) 100 (1946) 100 (1887)     

DISCUSSION  

Currently, various protocols are employed 

worldwide for female fertility preservation, 

and vitrification has emerged as a valuable 

option for preserving follicles in ovarian 

tissue. Vitrification stands out due to its 

simplicity, not requiring specialized freezing 

equipment (Kagawa et al., 2009; Campos et 

al., 2016). Despite its advantages, numerous 

studies on OTC have reported low survival 

rates and functional recovery of ovarian 
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tissue, mainly attributed to follicle loss after 

freezing and thawing (Donnez et al., 2015). 

In this study, we focused on the evaluating 

the viability of oocytes and granulosa cells 

(GCs) in pre-antral follicles, which were 

crucial for fertility preservation, before and 

after vitrification. Our goal was to establish 

a vitrification method based on the Ova Kit 

Type M media from Kitazato and IVFMD 

media suitable for clinical practice in IVF 

centers in Vietnam. To assess the 

maintenance of ovarian tissue viability under 

these protocols, we conducted survival rate 

assessments after neutral red (NR) staining 

and morphological analyses after 

hematoxylin and eosin (HE) staining, 

comparing the results with the fresh group. 

In the first experiment, NR, a vital dye 

solution displaying a distinct red color 

within viable cells, was used for primary 

viability assessment. NR staining is 

theoretically a non-invasive method that 

does not affect the viability of follicles after 

staining and is non-toxic during further 

culture. We calculated the rate of viable 

follicles in three groups of ovarian tissues 

from 35 donors spanning 2018 to 2023. On 

average, 80.3% of the follicles survived in 

the fresh group, indicating good input 

quality and consistency among the 35 donors 

during collection and transportation. 

Compared to the fresh group, the survival 

rate of follicles in the two vitrified groups 

was significantly reduced, as reported in 

previous studies (Isachenko et al., 2009; 

Kristensen et al., 2018; Langbeen et al., 

2014). This illustrates the unavoidable 

negative impact of freezing and warming on 

follicle viability. Our findings align with 

Langbeen and colleagues' study in 2014, 

showing a 10% reduction in the average 

survival rate of follicles in vitrified groups 

compared to the control group, signifying a 

substantial loss of viable follicles after 

thawing (Langbeen et al., 2014). 

Additionally, we observed only a 5% lower 

viability rate of follicles in group 2 

compared to group 1, which, although 

statistically significant, may not 

significantly impact the clinical quality and 

development of the tissue. 

In terms of histological assessment, our 

findings were consistent with Wang and 

colleagues' 2016 experiment, where 80% of 

follicles with both oocytes and GCs were 

normal in the fresh ovarian cortex, compared 

to only 56% in the vitrified cortex (P < 0.05). 

Similarly, the percentage of follicles with 

both oocytes and GCs damaged in fresh 

tissues was significantly lower (2.1%) 

compared to the vitrified group (26%), with 

P < 0.05 (Wang et al., 2016). Our study 

echoed these results, showing a higher 

percentage of follicles with both oocyte and 

GCs intact in the fresh group than in the two 

vitrified groups. Meanwhile, the percentage 

of follicles with both oocytes and GCs 

damaged in the fresh group was much lower 

compared to the two vitrified groups. 

Cryopreservation did not appear to 

significantly affect GCs, as there was no 

difference in the rate of follicles with 

damaged GCs across the three groups. These 

results align with previous findings in 

animal and human models (Isachenko et al., 

2009; Langbeen et al., 2014; Campos et al., 

2016; Wang et al., 2016). Additionally, our 

study illustrated that there was no change in 

these rates caused by different vitrification 

protocols. The varying proportion of 

follicles that were lost during 

cryopreservation compared to fresh tissues 

found in different studies might be attributed 

to distinctive vitrification protocols 

(Kagawa et al., 2009; Wang et al., 2016; 

Kristensen et al., 2018). 
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CONCLUSION  

This study has established a promising 

fertility preservation method through 

ovarian vitrification and presented a reliable 

approach to validate the quality of frozen 

ovarian tissue by quantifying follicle 

survival for OTC in Vietnam. Our results 

indicate successful implementation of an 

OTC procedure with acceptable survival 

rates of follicles in the two vitrified tissue 

groups compared to the fresh tissue group. 

While these validation methods may not 

replace xenografting or autotransplantation 

models, they can serve as useful tools to 

assess freezing protocols when IVF centers 

initiate an OTC program and as routine 

quality control for overall ovarian tissue 

freezing performance. 
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