DOI: 10.5433/1679-0359.2020v41n4p1227

Medium and time conservation affect follicular morphology and
superoxide dismutase enzyme activity of bovine preantral follicles
during storage at 4°C

Meio e tempo de conservacao afetam a morfologia folicular e
atividade da enzima superoxido dismutase de foliculos pré-antrais
bovinos durante a conservacio a 4 °C

Maiara Aline Gongalves Ramos'; Fabio Gallas Leivas?; Daniele Missio?;
Francielli Weber Santos Cibin?; Antonio Carlos Galar¢ca Guimaraes®;
Daniela dos Santos Brum?*

Highlights:

Time conservation directly influences follicular viability.

TCM 199 at 4°C for 6 h can be used to conserve female bovine PFs in situ.

TCM 199, saline or PBS for 24 h incubation is not effective for maintaining bovine PF.

Abstract

The aim of this study was to evaluate the morphology and superoxide dismutase enzyme (SOD)
activity of bovine preantral follicles (PFs) preserved in TCM 199, saline solution or PBS at different
conservation periods. Cow ovaries (n=6) were divided into 7 fragments. One small piece of each ovarian
fragment was randomly removed to evaluate SOD activity, while the remainder was immediately fixed
for morphological evaluation as a control group. The other 6 fragments were randomly distributed in
tubes containing TCM 199, saline solution, or PBS and maintained at 4°C for 6 or 24 h. For histological
evaluation, the fragments were fixed in Carnoy and stained with PAS-hematoxylin, following being
classified PFs in relation to their follicular morphology in normal or degenerated. Determination of
SOD activity was based on the ability to inhibit autoxidation of adrenaline in adrenochrome. Evaluation
of follicular morphology showed that follicles preserved in TCM 199 for 6 h did not differ from the
control (P > 0.05). In contrast, preservation in saline solution and PBS for 6 or 24 h and TCM 199 for
24 h decreased normal PFs compared to the control (P < 0.05). SOD showed a lower activity in ovarian
cortical tissue kept in TCM 199 for 6 h and saline solution for 24 h than in the other groups. Our study
shows that incubation using TCM 199 at 4°C for 6 h can be used to efficiently conserve female bovine
PFs in situ.
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Introduction

Resumo

O objetivo desse estudo foi avaliar a morfologia ¢ atividade da enzima superdxido dismutase (SOD)
de foliculos pré-antrais bovinos (PFs) preservados em TCM 199, solugdo salina ou PBS por diferentes
periodos de conservacdo. Ovarios de vacas (n=6) foram divididos em 7 fragmentos. Um pequeno pedaco
de cada fragmento ovariano foi removido para avaliar a atividade da SOD enquanto que o restante foi
imediatamente fixado para avaliacdo morfoldgica como grupo controle. Os outros 6 fragmentos foram
distribuidos aleatoriamente em tubos contendo TCM 199, solugio salina ou PBS e mantidos a 4°C por
6 ou 24 h. Para avaliagdo histologica, os fragmentos foram fixados em Carnoy ¢ corados com PAS-
hematoxilina, sendo classificados em seguida os PFs em rela¢do a sua morfologia folicular em normal
ou degenerados. A determinagdo da atividade da SOD foi baseada na capacidade de inibir a auto-
oxidagdo da adrenalina no adrenocromo. A avaliagdo da morfologia folicular mostrou que os foliculos
preservados em TCM199 por 6 h ndo diferiram do controle (P > 0,05). Em contraste, a preservagdo em
solugdo salina e PBS por 6 ou 24 h e TCM 199 por 24 h diminuiu os PFs normais em comparagdo com o
controle (P <0,05). A SOD mostrou uma menor atividade no tecido cortical ovariano mantido em TCM
199 por 6 h ¢ solugdo salina por 24 h do que nos outros grupos. Nosso estudo mostra que a incubagdo
usando TCM 199 a 4° C por 6 h pode ser usada eficientemente para conservar PFs de fémeas bovinas
in situ.

Palavras-chave: Estresse oxidativo. Ovario. Preservacgao.

tissue Immature

Ovarian mammals contain thousands of oocytes
in preantral follicles (PFs), but only a small portion
(0.1%) will be used during the female reproductive
lifespan (Costa et al., 2002). The biotechnology of
oocyte manipulation included in preantral ovarian
follicles currently occupies an important place in
assisted reproduction techniques (ARTs) for both
animals and humans, because it allows PFs to be
recovered and cultured in vitro before they become
atresic. In addition, it is an important tool for basic
research on the physiological mechanisms of
folliculogenesis, contributing to the preservation
of genetic material from endangered animals
(Figueiredo, Rodrigues, & Amorin, 2008).

Invitro culture ofisolated orin situ has satisfactory
results. However, preservation of follicular viability
during ovary transport is a limiting factor for this
biotechnological approach. Several studies have
demonstrated that quality of oocytes enclosed
in PFs is dependent on preservation medium,
temperature, and time conservation during the
transport of ovaries (Barberino, Silva, Figueiredo,
& Matos, 2019). Female gamete preservation can
be better achieved by storing pieces of ovarian

containing numerous
oocytes enclosed within PFs (Paynter, 2000). Time
conservation directly influences follicular viability.
As ovaries are normally collected at sites far from
laboratories (Celestino et al., 2007), it is essential
to establish an efficient protocol for bovine PF
preservation.

Reactive oxygen species (ROS) accumulation,
possibly generated during transport and cooling
of the ovarian tissue, should also be considered.
ROS can result in high free radical rates and
promote significant cellular damage (Lima-Verde
et al,, 2009). To neutralize ROS and minimize
damage to cellular structures, there are antioxidant
defense mechanisms found in various tissues of
the organism. Among these factors, the superoxide
dismutase (SOD) enzyme is the first enzymatic step
in protecting cells from toxic ROS (Sugino, 2007).
In humans and rodents, SOD has been investigated
as a marker of oxidative stress in the granulosa
cells of both preantral and antral follicles (Matzuk,
Dionne, Guo, Kumar, & Lebovitz, 1998; Suzuki
et al., 1999; Combelles, Holick, Paolella, Walker,
& Wu, 2010; Wang et al., 2017). In addition, SOD
activity is directly related to oocyte quality and
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can be considered an ART biomarker (Combelles
et al., 2010). Given the effect of medium and time
conservation on ROS production and follicular
morphology, the aim of this study was to evaluate
the influence of media (TCM 199, saline solution
at 0.9%, and PBS) and storage time (6 or 24 hours),
on the SOD activity and morphology of bovine
preantral follicles preserved in situ at 4°C.

Materials and Methods
Experimental protocol

Ovaries (n=6) from six Bos taurus cows were
collected at a local slaughterhouse immediately
after slaughter and transported to the laboratory in

saline solution (0.9% NaCl) at 4°C. In the laboratory,
the cortical layer was fragmented and subjected to
different treatments (3x2 factorial) in accordance
with the medium or time used for the simulated
transport. For control purposes (control time 0),
a small piece of ovarian fragment was randomly
removed to evaluate SOD activity. The remainder
was immediately fixed in Carnoy for histological
examination. The other 6 fragments were randomly
distributed into tubes containing 15 mL of TCM 199
(Tissue Culture Medium with 25 mmol HEPES, St.
Louis, MO, USA), 0.9% saline solution, or PBS
(phosphate-buffered saline, Nutricell, Campinas,
SP, Brazil). All samples were then stored at 4°C for
6 or 24 h (Figure 1). Each treatment was repeated
six times.
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Figure 1. Experimental protocol for conservation in situ of bovine preantral

follicles in ovarian pieces.

Histological evaluation

In order to evaluate the morphology of the
bovine preantral follicles at the end of treatments,
the ovarian fragments were processed as follows.
Small pieces of ovarian fragments were removed
from each treatment, including the Control, and
fixed in Carnoy for 12 h. Following this, they were
dehydrated in a graded series of ethanol, clarified

with xylol, and embedded in paraffin wax. The
tissue was sectioned serially at a thickness of 5 pm
and stained with PAS-hematoxylin. Each section
was examined by light microscopy (Olympus Cx31,
Tokyo, Japan) under 400 magnification.

Follicle morphology was evaluated based on the
integrity of the basement membrane, density of the
granulosa cells, presence of pycnotic bodies, and
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integrity of the oocyte using nucleus as a marker
(Figure 2). Based on these parameters, PFs were
classified as morphologically normal (containing
an intact oocyte and well-organized granulosa
cells without a pycnotic nucleus) or degenerated
(containing an oocyte with cytoplasmic retraction,
pycnotic nucleus, and disorganized granulosa cells).
Preantral follicles were classified as primordial (one

layer of flattened or flattened-cuboidal granulosa
cells around the oocyte), primary (one layer
of cuboidal granulosa cells around the oocyte)
and secondary (two or more layers of cuboidal
granulosa cells around the oocyte), according to
their developmental stage (Hulshof, Figueiredo,
Beckers, Bevers, & Van Den Hurk, 1994) and a total
of 60 PFs were evaluated for each treatment.

Figure 2. Follicle classification according to morphological appearance.

(a-b) Morphologically normal follicles (400x), with a round oocyte surrounded by well-organized
granulosa cells and integral nucleus; (c-d) Degenerate follicles (400%), with degenerate oocyte with
pycnotic nucleus and disorganized granulosa cells the low cellular density. PAS-hematoxylin stained.

Superoxide dismutase enzyme activity

Superoxide dismutase enzyme activity in the
tissue was determined as described by Misra and
Fridovich (1972). This method is based on the
ability of SOD to inhibit the auto-oxidation of

epinephrine to adrenochrome. The color reaction
can be monitored at 480 nm. One enzymatic unit (1
1U) was defined as the amount of enzyme necessary
to inhibit the epinephrine auto-oxidation rate by
50% at 26°C.
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Statistical analysis

The effect of medium (saline solution, TCM 199 or
PBS) and time (6 or 12 h) conservation on the percentage
of morphologically normal follicles and SOD activity
was analyzed using ANOVA and Tukey tests. Values
were considered statistically significant when P < 0.05.

Results

The effects of medium and time conservation on
the percentage of normal PFs stored at 4°C analyzed
in this study are shown in Figure 3. A percentage
of normal PFs stored in TCM 199 (51.7%) for up
to 6 h was similar (P>0.05) to the control group
(time zero; 66.7%). A significant decrease in the
follicular viability as compared to the control was
observed when PFs were stored in saline solution

0
o

603

B
b

% de morphologically normal preantral follicle
N
o

o

Control TCM 199

Saline Solution

(20 and 16.7%) or PBS (36.7 and 21.7%), at 6
and 24 h, respectively, or in TCM 199 for 24 h
(33.3%). When the effect of incubation time in
each medium was analyzed, the percentage of
morphologically normal follicles was affected by
incubation time in TCM 199. However, incubation
period had no affect when using saline solution and
PBS (P>0.05). The comparison of the TCM 199
saline solution, and PBS, for the same incubation
period, showed a significantly higher percentage of
morphologically normal follicles in TCM 199 than
in the saline solution at 6 h. However, TCM 199 and
PBS produced similar numbers of morphologically
normal follicles. At 24 h of incubation, there was
no difference viability between the medium used
(P>0.05).

Wmo6h

PBS

Figure 3. Effect of medium and time conservation at 4°C on the percentage of morphologically

normal preantral follicles.
abe Different letters differ significantly (P<0.05).

There was a reduction in ovarian enzyme activity
when TCM 199 or saline solution was employed for
24 h and compared to the control (Figure 4). TCM

199 and saline solution for 6 h and PBS for 6 or 24
h did not differ from the control or between groups
(P<0.05).
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Figure 4. Effect of medium and time conservation at 4°C in the superoxide dismutase enzyme

activity.
¢ Different letters differ significantly (P<0.05).

Discussion

Thisstudy showedthatitispossibletosuccessfully
preserve bovine PFs, enclosed in ovarian tissue,
in TCM 199 for up 6 h without altering the SOD
activity. PFs of bovine females can be effectively
conserved when TCM 199 is used (Mclaughlin,
Bromfield, Albertini, & Telfer, 2010). However,
the efficiency of TCM 199 storage is variable
according to the incubation period. In this study,
TCM 199 showed the best follicular morphology
when used for 6 h. Other studies have shown that
bovine (Celestino et al., 2007), sheep (Andrade et
al., 2002), feline (Missio, Rosa, Guimaraes, Leivas,
& Brum, 2014), and goat (Ferreira et al., 2001)
preantral follicles can be maintained in TCM 199
for up to 24 h at 4°C, with no changes in follicular
morphology.

Many studies have indicated saline solution to
be a viable medium for ovary transport (Lucci et
al., 1999) and preservation of PFs in situ in different

species including: sheep (Andrade etal.,2002; Matos
et al., 2004), goats (Carvalho et al., 2001; Costa et
al., 2002), and cattle (Lucci, Kacinskis, Rumpf, &
Bao, 2004). However, saline solution and PBS did
not efficiently conserve PF compared to the control,
even when used for short periods. Celestino et al.
(2007) demonstrated that bovine PF morphology
was impaired when maintained in saline solution as
compared to TCM 199. Nonetheless, in goats, the
use of saline solution and PBS were effective for
follicular conservation for 12 and 24 h, respectively
(Santos et al., 2002).

Though PFs have two nutrients sources,
and preservation the
important to the

intracellular medium,
composition of medium is
preservation of follicular viability when storage
times or temperatures are increased (Carvalho
et al., 2001; Celestino et al., 2007). According to
Salehi, Spratlin, Chong and Churchill (2004), there

is a rapid depletion of cellular energetic stocks
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during prolonged storage that results in medium
acidification. Despite the fact that TCM 199 is
rich in nutrients (Migliorisi, Folkes, Pawlowski,
& Cramer, 1987), which possibly contributed
to a greater conservation of follicular integrity,
in this study, it was not efficient at ovarian tissue
maintenance for 24 h. Therefore, PBS proved to be
a viable alternative for PF conservation. Despite a
significant difference between PBS and the control,
PBS was similar to TCM 199 up to 6 h and superior
to saline solution. These data suggest that, despite
the poor nutrient content of PBS, its buffered nature
may prevent acidification of the medium for short
durations.

ROS production occurs naturally during cellular
metabolism or in biological disorders (Gigli,
Byrd, & Fortune, 2006). Oxidative stress is caused
by an imbalance between ROS production and
neutralization by antioxidants, resulting in damage
to cellular components such as lipids, proteins, and
DNA (Valko et al., 2007). Among the antioxidants,
SOD is the main antioxidant enzyme, and its level
is therefore considered an important parameter of
oxidative damage determination (Sun, Oberley, &
Li, 1988; Zhang et al., 2013). SOD metabolizes
superoxide radicals to hydrogen peroxide, which is
further metabolized to water and oxygen by catalase
or glutathione peroxidase (Agarwal, Gupta, &
Sharma, 2005; Sugino, 2007). Therefore, decreased
SOD activity in ovarian tissue preserved in TCM
199 and saline solution for 24 h suggests oxidative
stress in these groups. Reduced SOD activity occurs
because of the consumption of medium components
such as salts, amino acids, and vitamins, which
are necessary for follicle maintenance and
survivals. In addition, SOD activity, associated
with the histological evaluation, demonstrated
that TCM 199 and saline solution are not efficient
in follicular preservation for 24 h. While the SOD
activity in TCM 199 and saline solution for 6 h
and PBS for both 6 and 24 h did not differ from
the control, only treatment with TCM 199 for up
to 6 h was similar to the control with regards to

follicular morphology. Considering that histological
evaluation demonstrated that incubation with PBS
for up to 24 h was not effective for PF conservation,
and SOD activity in this group was similar to the
control. Although PBS prevented the formation of
ROS, this medium did not prevent follicular atresia.
Thus, it is not a good medium for ovarian tissue
preservation.

Conclusion

The morphological evaluation of bovine PFs
preserved in saline solution and PBS suggests that
these media are not efficient in follicular morphology
maintenance. The evaluation of SOD activity in
ovarian tissue can be used as a tool to determine
oxidative stress in tissues maintained in different
media for different durations of time. Therefore,
the evaluation of the SOD activity, combined with
histological evaluation, suggests that 24 h incubation
is not effective for bovine PF maintenance in TCM
199, saline solution, or PBS. In contrast, TCM 199
medium at 4°C preserved follicular morphology
without altering SOD activity for up to 6 h and can
be efficiently used in protocols for conservation of
preantral follicles from bovine females.
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