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Abstract

group (p > 0.05).

different in each procedure.

Background: Ovarian tissue vitrification is an alternative fertility preservation procedure for young female patients
prior to gonadotoxic treatment. Primordial follicle loss might be a potential issue for vitrification and transplantation
procedures. This study aimed to evaluate primordial follicle density and deoxyribonucleic acid (DNA) fragmentation
in each stage of the preservation procedure of goat ovarian tissue. Follicle density and DNA fragmentation were
examined microscopically after staining with hematoxylin eosin and TUNEL assay, respectively. Both parameters
were compared between fresh, fresh-transplanted, vitrification, and vitrification-transplanted groups.

Results: A significant decrease was observed in the primordial follicle proportion after vitrification and
transplantation compared to the primordial follicle proportion in the fresh group (88.09% vs 52.42%, p < 0.05, 95%
Cl 11.54, 66.94). There was no significant difference in DNA fragmentations of primordial follicles between each

Conclusions: The vitrification and transplantation process of goat ovarian strips could cause the primordial follicles
loss and DNA damage of the follicles. However, primordial follicles loss and DNA damage were not significantly
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Background

Cryopreservation has become a promising method for
fertility preservation in young female patients with
cancer before chemotherapy and radiotherapy [1, 2].
Ovarian tissue cryopreservation is an alternative pro-
cedure beside embryo or oocyte cryopreservation for
patients who are at risk from gonadotoxic therapy [3].
Collection of ovarian tissue can be performed without
considering the menstrual cycle which can delay cancer
treatment and is suitable for prepubertal girls [4].
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Ovarian tissue consists of heterogeneous cell compo-
nents [5] while primordial follicles dominate 90% of
ovarian follicles [6, 7]. During the preservation pro-
cedure, loss of primordial follicles can occur during the
preparation, cryopreservation, and retransplantation
steps. The number of viable primordial follicles is
clinically essential for the development of preovulatory
follicles and longevity of ovarian transplant after the
cryopreservation procedure [8]. In the preparation step,
primordial follicle loss occurs due to fragmentation of
ovarian tissue which could disrupt Hippo signaling in
granulosa cells through activation PI3K/Akt/mTORC1
pathway in oocytes [9-11]. Throughout transportation,
ovarian fragments could develop ischemia which causes
lactic acid accumulation, proteolysis, lipolysis, lipid per-
oxidation, and decreased intracellular pH [12]. During
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the course of cryopreservation procedure, primordial
follicles are more tolerable than other growing follicles
because of their slow metabolic rate [6, 7]. On the other
hand, the number of viable primordial follicles might be
decreased following the retransplantation procedure [8].

Isolated primordial follicles which are cryopreserved
by the slow freezing method were found to be more vul-
nerable to cryodamage compared to the vitrification
method [13]. There are several mechanisms that cause
the detrimental effects of the freezing-thawing procedure
on oocytes such as chromosomal misalignment, modifi-
cation in reactive oxygen species (ROS) and DNA frag-
mentation. These changes might impair gene expression
in oocytes or follicular cells, followed by the disruption
of the oocyte’s function [14]. Accordingly, in order to
determine the effect of vitrification and transplantation
on primordial follicles, analyses of DNA fragmentation
and follicle density are needed. Currently in Indonesia,
both slow freezing and vitrification are not commonly
used due to limited infrastructure and experience. We
chose vitrification because it needs shorter time to mas-
ter the skills and perform the procedure, does not need
advanced equipment, uses only a small amount of nitro-
gen, and involves lower cost [15]. For retransplantation
of ovarian fragments, the chorioallanthoic membrane
(CAM) model was used because that system is an inter-
mediate stage between in vitro culture and animal exper-
iments [16]. The CAM system can be considered as an
interface between in vitro and in vivo models, especially
in xenotransplantation techniques [16].

Goat ovaries have been used as an ovarian vitrification
model for many years in fertility studies. Beside its avail-
ability, previous study showed goat ovaries resemble hu-
man ovaries in size and tissue composition [17], and
have dense fibrous stroma and high primordial follicle
density in the cortex [18]. This research is a preliminary
study before conducting research in humans. Addition-
ally, this study aimed to set up and try out the laboratory
equipment and establish experimental protocols for the
next phase of the research as well as for later implemen-
tation in clinical services.

Methods

Experimental procedures

Tissue samples and transportation

Sixteen ovaries from goats (Capra hircus) aged 9-13
months were obtained at a local slaughterhouse in
Yogyakarta, Indonesia, during the period of September
to November 2018. After the goats were slaughtered,
ovaries were transported to the Laboratory of Physiology
at the Faculty of Medicine, Public Health and Nursing,
Universitas Gadjah Mada within 1 h using a sterile
transport box which was filled with ice to maintain a
stable temperature between 5 and 8 °C. Transport
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medium was composed of 10% M199, serum-substituted
supplement (10% SSS), 2% penicillin-streptomycin (10,
000 U/mL) (Thermo Fisher Scientific) and 1% fungizone
(Thermo Fisher Scientific).

Preparation of the ovarian tissue

After ovarian tissue collection (n = 16 tissue samples),
the ovarian medulla was dissected using small scissors
(Orthotech, Palermo, Italia) to form an ovarian cortical
strip. Ovarian cortical strips (1-2 mm thickness) were
prepared and cut into a small size of 5 x 5 mm. The
ovarian strips were divided equally into four groups: the
fresh group (Fr), fresh-transplanted group (FrTr), vitrifi-
cation group (Vi), and vitrification-transplanted group
(ViTr) (Fig. 1).

Ovarian tissue vitrification-thawing and transplantation

We developed the vitrification method based on modifi-
cations of the method described by Suzuki et al. in 2015
[19]. Ovarian cortical strips were washed in M199
medium (Thermo Fisher Scientific, MA, USA) supple-
mented with 20% SSS. Ovarian cortical strips were equil-
ibrated in equilibrium solution (ES) I that consisted of
M199 medium, 10% ethylene glycol (EG, Wako Oure
Chemical Industries, Tokyo, Japan) and 20% SSS for 5
min. The second equilibration was done in ES II that
consisted of M199 medium, 20% EG, 20% SSS for 5 min.
Next, ovarian cortical strips were transferred into the
vitrification solution which consisted of M199 medium,
35% EG, polyvinylpyrrolidone (Sigma-Aldrich, St. Louis,
MO, USA) for 15 min. Then, ovarian cortical strips were
loaded into the cryodevice (Ova Cryo device type M,
Kitazato, Tokyo, Japan) and stored in liquid nitrogen
(- 196 °C) until they were used. Ovarian cortical
strips were successfully vitrified if the ovarian cortex
strips appeared transparent [19].

For thawing, ovarian strips were transferred into the
thawing solution that consisted of M199, 20% SSS, and
0.8 mol/l sucrose for 1 min on a warming plate set at 37
°C. Next, ovarian strips were incubated in diluting solu-
tion that consisted of 20% SSS, 0.4 ml/l sucrose for 3
min, followed by incubation in the washing solution that
consisted of M199 and 20% SSS for 5 min and repeated
twice. Then, the ovarian cortical strip was transplanted
for 5 days in CAM of 5-day-old fertilized eggs which
were incubated at 37 °C and 44% humidity. After 5 days
transplanted, the ovarian cortical strips were harvested
and loaded into paraformaldehyde for the next step.

Histological observation of follicle density

Ovarian strips from the four groups were fixed in 10%
formalin, embedded in paraffin wax, serially sectioned in
4 pm thickness, stained with hematoxylin and eosin
(HE) and observed under light microscope with x 100
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Microscopic assessment using Hematoxylin and Eosin and TUNEL

Fig. 1 Microscopic assessment using hematoxylin and eosin and TUNEL

and x 400 magnification. Follicles were classified into
two groups: primordial follicles which were surrounded
by a single layer of flattened granulosa cells and growing
follicles which have the appearance of one or more
cuboidal granulosa cells surrounding them, which in-
cluded primary, secondary, preantral, and antral folli-
cles. Ovarian cortex strips were evaluated for their
primordial follicle density which was defined as the
number of healthy primordial follicles per total folli-
cles from a random section from four ovarian strips
in each group [20].

DNA fragmentation assay

The DNA fragmentation was assessed using an In Situ
Cell Death Detection Kit (Roche, Germany). Paraffin
sections were deparaffinized, rehydrated, and perme-
abilized with 20 pm proteinase K in 10 mM Tris pH 7.4
(Qiagen, Netherlands). The washed slides were incu-
bated with TdT-mediated dUTP-biotin nick-end labeling
(TUNEL (Roche, Germany)) reagents according to the
manufacturer’s instructions and counterstained with me-
thyl green. DNA fragmentation of primordial follicles
was demonstrated by the presence of positive staining in
> 49% of granulosa cells [19]. DNA fragmentation of fol-
licles was defined as the number of primordial follicles

with positive TUNEL staining per total follicles from a
random section from four ovarian strips in each group.

Statistical analysis

Statistical analysis was performed using SPSS 25.0 soft-
ware (IBM Corp., Chicago). Follicular density and DNA
fragmentation in the four groups were compared by
one-way analysis of variance (ANOVA). Various charac-
teristics were summarized by mean and standard devi-
ation (SD) within groups. The level of statistical
significance was set at p < 0.05 with 95% confidence
interval (CI).

Results
Histological analysis
Follicle density
In order to determine the effects of vitrification and
transplantation of ovarian strips on the development of
primordial follicles and DNA fragmentation, primordial
follicles were counted after 5 days of incubation of
the ovarian strips on CAM and analyzed histologically
after HE staining (Fig. 2). Follicle density was assessed
microscopically for primordial and growing follicles
(Table 1).

In the Fr group, the percentage of primordial follicle
was 88.09 + 9.62. Compared to the FrTr group (86.93 +
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Hematoxylin and eosin staining

Fig. 2 Histological picture to determine healthy primordial follicles. Formalin-fixed paraffin-embedded goat ovarian tissues were stained for HE (a,
¢, e, g) and TUNEL (b, d, f, h). Examination of HE observed both healthy primordial follicle cells (yellow arrows) and damaged primordial follicle
cells with damage of membrane integrity or pyknotic cells (green arrows). In TUNEL staining, brown color primordial follicle cells show DNA
fragmentation (white arrow). The proportion of primordial follicles in the fresh group was significantly higher compared to the vitrification group

TUNEL assay

15.11), the Fr group had higher density of primordial fol-
licles although the result was not significant (p = 0.72;
95% CI - 22.96, 32.43). The same pattern was seen in
the comparison between the Fr group and Vi group,
where the density of the Fr group was not significantly
higher (p = 0.09; 95% CI - 3.88, 51.50) than the Vi
group (67.85 + 27.00) (Fig. 3).

After vitrification and thawing, the ovarian strips
underwent transplantation on CAM for 5 days. In
comparison, primordial follicle density in the ViTr

group was significantly lower (p < 0.01; 95% CI 11.54,
66.94) compared to the Fr group (52.42 + 15.00 vs
88.09 + 9.62, respectively). However, primordial fol-
licle density in the ViTr group was not significantly
different (p = 0.25; 95% CI 12.26, 43.12) from the Vi
group (67.85 + 27.00).

Meanwhile, during the incubation period, primordial
follicle density was getting higher after the vitrifica-
tion and/or transplantation procedure. The densities
from the highest to the lowest were ViTr group
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Table 1 Proportions of viable primordial follicles, growing follicles and DNA fragmentation from fresh, fresh-transplanted,

vitrification, and vitrified-transplanted groups

Groups Proportion of primordial Proportion of growing follicles Proportion of DNA fragmentation
follicles (mean + SD) (mean * SD) (mean * SD)

Fresh (%) 88.09 + 801 11.90 + 1048 52.08 + 19.02

Fresh-transplanted (%) 86.93 + 15.11 13.06 = 15.11 55.20 = 14.18

Vitrification (%) 67.85 = 27.00 3214 £ 2732 65.00 + 23.80

Vitrified-transplanted (%) 5242 +15.00 * 4757 £ 15.00% 60.13 + 10.71

DNA deoxyribonucleic acid, SD standard deviation
*p < 0.05 compared to fresh group

(47.57 + 15.00), Vi group (32.14 + 27.32), Fr'TR group
(13.06 + 15.11), and Fr group (11.90 + 10.48). Only
the difference between the ViTr and the Fr group
was significant (p < 0.01). The density of follicles was
inversely proportional between primordial follicles and
growing follicles within groups.

DNA fragmentation

The DNA fragmentation was examined using TUNEL
assay. Proportions of DNA fragmentation of primordial
follicles observed from the highest to the lowest were: the
Vi group (65.00 + 23.80), ViTr group (60.13 + 10.71), FrTr
group (55.20 + 14.18), and Fr group (52.08 + 19.02).

Total Follicles
g
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Fig. 3. Proportion of follicles and DNA fragmentation between groups. Comparison of primordial and growing follicle density showed for fresh
(Fr), fresh-transplanted (FrTr), vitrification (Vi), and vitrification-transplanted (ViTr) group in a. DNA fragmentation analysis of follicle primordial using
TUNEL assay (b). Statistically significant differences (p < 0.05) are indicated by letter (a)

Vi ViTr

Vi ViTr
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However, the difference between groups was not signifi-
cant (p > 0.05).

Discussion

The results of this study indicated a decrease in primor-
dial follicle density at each stage of ovarian preservation.
A decrease in primordial follicular density was associated
with two main obstacles to ovarian tissue preservation,
which were the presence of cryoinjury and ischemic
tissue damage during transplantation procedures.

In this study, the cryoinjury process was assessed by
comparing the Fr group and the Vi group. The density
of primordial follicles in the Fr group was not signifi-
cantly higher than the Vi group. This result was consist-
ent with previous studies which showed no significant
difference in primordial follicular density between the
fresh and vitrified groups in female mice and bovine [21,
22]. Moreover, in human ovaries, primordial follicle
density was significantly lower in the vitrification group
than in the fresh group [23].

In the TUNEL analysis, DNA fragmentation in the Fr
and Vi groups was not significantly different. From this
parameter, a previous study which used dog ovaries did
not find significant difference between follicular DNA
fragmentation in the fresh and vitrified groups [24].
Conversely, another study obtained significant difference
in follicular apoptosis between the vitrification group
compared to the fresh group [21]. The increments of
DNA fragmentation and primordial follicle loss in these
groups might be related to cryoinjury which was
correlated to cryodevice selection, modification of cryo-
protective agents [25], and duration and temperature of
transportation [26]. Apoptosis and tissue damage due to
cyoinjury are thought to be related to increased
expression of BAX and BCL2 in granulosa cells, oocytes,
ovarian tissue stroma after vitrification, and warming
[27]. The accumulation of BAX and BCL2 in mitochon-
dria expresses cytochrome C thereby increase caspase
expression which induces cell death [28].

Decreased primordial follicle density was observed in
the FrTr group compared to the Fr group. This decrease
might be caused by ischemic injury through the
transplantation process. This result was similar to a pre-
vious study which showed follicle decrease after the
transplantation procedure although the finding was not
statistically significant [21]. Other studies showed signifi-
cant decrease of primordial follicles density after
transplantation [29, 30]. Ischemic condition occurs after
transplantation and cause DNA damage due to reactive
oxygen species (ROS). ROS activation induce PTEN
inhibition which increase Akt phosphorylation (p-Akt).
An increase in p-Akt lead to disruption of DNA damage
response resulting in BAX accumulation in cell mito-
chondria and initiates apoptosis process [31].
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In addition, the ViTr group had a primordial follicle
density which was lower compared to the Vi group. The
previous study found no significant difference in ovarian
tissue between the vitrified and vitrified-transplant groups
on the seventh day. However, the same study showed sig-
nificant decrease in primordial follicle density [21].

In the DNA fragmentation parameter, there were no
significant differences between the Fr and FrTr groups
and between the Vi and ViTr groups. This result contra-
dicted the previous study which found incremental DNA
fragmentation in the fresh tissue group transplanted for
7 days compared to fresh group without transplantation.
However, vitrified ovarian tissue which was transplanted
had the same DNA fragmentation compared to the
vitrified group without transplantation [21].

Our study showed no significant decrease in primor-
dial follicle density and DNA fragmentation. However,
other studies showed different results and the results are
controversial. This difference in findings might be due
to differences in cryodevices, cryoprotectant agents,
duration, and transplantation techniques.

Conclusions

We concluded that the vitrification and transplantation
process of goat ovarian strips could cause the primordial
follicle loss and DNA fragmentation of the follicles.
However, primordial follicle loss and DNA fragmenta-
tion were not significantly different in each procedure.
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