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RESUMO.- [Dano ao DNA e ativação do folículo primordial 
após a cultivo in vitro do córtex ovariano de ovelha em 
extrato de folha de Morus nigra.] Este estudo avaliou o efeito 
do extrato das folhas de Morus nigra, com ou sem suplementos, 
sobre a morfologia, a ativação e o dano ao DNA de folículos 

pré-antrais cultivados inclusos em tecido ovariano. Os ovários 
foram coletados e divididos em fragmentos, sendo um fixado 
para análise histológica e ensaio de marcação de terminações 
dUTP mediada por desoxinucleotidil transferase terminal 
(TUNEL) (controle fresco). Os fragmentos restantes foram 
cultivados durante 7 dias em meio essencial mínimo alfa 
(α-MEM) suplementado com albumina sérica bovina (BSA), 
insulina, transferrina, selênio, glutamina, hipoxantina e ácido 
ascorbico (α-MEM+; meio controle) ou em meio composto de 
extrato de M. nigra sem suplementos (0,1; 0,2 or 0,4mg/mL) 
ou suplementado com as mesmas substâncias descritas para 
α-MEM+ (MN 0,1+; 0,2+ or 0,4+mg/mL). Então, os tecidos foram 
destinados à análise histológica e TUNEL. O tratamento do 
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α-MEM+ apresentou mais folículos morfologicamente normais 
que todos os tratamentos do extrato de M. nigra. No entanto, 
o tratamento com α-MEM+ também mostrou sinais de atresia, 
pois a porcentagem de células TUNEL positivas foi semelhante 
em α-MEM+ e em 0,1mg/mL M. nigra sem e com suplementos. 
Além disso, observou-se uma redução nos folículos primordiais 
e um aumento nos folículos em crescimento em todos os 
tratamentos, exceto 0,2mg/mL M. nigra. Em conclusão, os 
folículos cultivados com 0,1mg/mL de extrato de M. nigra estavam 
em boas condições e aptos a continuar seu desenvolvimento, 
como demonstrado pelas taxas de dano ao DNA e de ativação 
folicular semelhantes ao meio controle.

TERMOS DE INDEXAÇÃO: DNA, folículo primordial, cultivo in vitro, 
córtex ovariano, ovelha, extrato de folha, Morus nigra, crescimento 
folicular, Oócito, planta medicinal, apoptose, cultivo de tecido 
ovariano, ovinos.

INTRODUCTION
To maximize the reproductive potential of fresh and 
cryopreserved ovarian tissue it is necessary to develop culture 
systems that support the activation of primordial follicles 
as this is the most abundant stage of follicle development 
present in mammalian ovaries. Therefore, culture of ovarian 
tissue would support the initiation and maintenance of 
primordial and primary follicle growth to the secondary 
stage of development, which could be isolated and cultured 
to the antral stage, supporting oocyte growth to full size. 
The development of these technologies in association with 
ovarian cryopreservation holds many possibilities for clinical 
practice, animal production technology, and can also be used 
as a research tool to investigate the biology and toxicology of 
oogenesis in both animals and humans (Picton et al. 2008).

To achieve this goal, further optimization of the culture 
medium is required to sustain high levels of primordial 
follicle activation and growth in vitro. Studies have shown that 
α-Minimum Essential Medium (α-MEM) to which different 
supplements (hormones, antioxidants and/or growth factors) 
have been added promoted goat (Berrocal et al. 2016) and sheep 
(Santos et al. 2014) follicular development in vitro. However, in 
order to reduce the costs of the media and supplements used 
for follicle culture, extracts of medicinal plants have attracted 
increasing attention as natural compounds with antioxidant 
properties (Barberino et al. 2016, Gouveia et al. 2016).

Morus nigra L. is an arboreal plant found in temperate to 
subtropical regions of the Northern hemisphere to the tropics 
of the Southern hemisphere (Ercisli & Orhan 2007), being 
widely used in folk medicine as anti-inflammatory, diuretic, 
antioxidant and antidiabetic (Nickavar & Mosazadeh 2010, 
Radojkovic et al. 2016). Phenolic compounds with antioxidant 
activities (flavonoids, stilbenes, coumarins, rutin, isoquercetin 
and kaempferitrin) have been isolated from the bark and leaves 
of this plant (Mazimba et al. 2011, Cavalcante et al. 2017), which 
may reduce the levels of reactive oxygen species (ROS) and 
modulate the expression of antioxidant enzymes in different 
cell types (Mata-Campuzano et al. 2012, Nafees et al. 2015).

A recent study by our team has shown that 0.05mg/mL of 
M. nigra leaf extract can be used as a preservation medium 
for ovine ovarian tissue at 4°C, maintaining follicular survival 
and decreasing DNA fragmentation in comparison to control 
medium (MEM) (Cavalcante et al. 2017). Other study showed 

that M. nigra extract has a protective action against peroxidative 
damage to biomembranes and biomolecules of rats and human 
(Naderi et al. 2004). Knowing that oxidative stress initiates 
apoptosis through the increase of ROS after the culture of 
follicular cells (Devine et al. 2012), it can be hypothesized 
that M. nigra extract and its antioxidant properties may be 
a useful and cheap substitute for follicle culture medium.

As there are no reports in which M. nigra extract has 
been used as a culture medium for ovine ovarian tissue, this 
study was conducted to evaluate the effect of this extract on 
in vitro morphology, primordial follicle activation and DNA 
fragmentation of follicles cultured within slices of the ovine 
ovarian cortex. Furthermore, the effectiveness of the addition 
of supplements to M. nigra leaf extract was studied.

MATERIALS AND METHODS
Unless indicated, supplements and chemicals used in the present 
study were purchased from Sigma Chemical Co. (St Louis/MO, USA). 
This project was approved by the Ethics Committee on Human and 
Animal Studies of Federal University of São Francisco Valley (protocol 
No. 0008/040713).

Plant material and extract preparation. Fresh leaves of Morus 
nigra were collected in Petrolina (09°23’55” S and 38-40°30’03” W, 
Pernambuco, Brazil). A voucher specimen (1764) is deposited at the 
Herbário Vale do São Francisco (HVASF) of the Universidade Federal 
do Vale do São Francisco. The leaves were dried in an oven at 40oC 
and pulverized and extracted at room temperature with 95% ethanol 
(Vetec, Duque de Caxias-RJ, Brazil) for 72h. The extract was dried 
at 45oC using a rotavapor and this method yields approximately 
10%, thus obtaining the crude ethanolic extract of the leaves of 
M. nigra. Thereafter, the extract was dissolved in 0.9% saline solution, 
corresponding to concentrations of 0.1; 0.2 or 0.4mg/mL.

Ovaries collection. Ovarian cortical tissues (n=8 ovaries) were 
collected at a local abattoir from four adult (1-3 years old) mixed-
breed sheep. Immediately postmortem, pairs of ovaries were washed 
once in 70% alcohol (Dinâmica, São Paulo, Brazil) and then twice in 
Minimum Essential Medium buffered with HEPES (MEM-HEPES) and 
supplemented with antibiotics (100μg/mL penicillin and 100μg/mL 
streptomycin). Next, the ovaries were transported within 1h to the 
laboratory in tubes containing MEM-HEPES with antibiotics at 4°C 
(Chaves et al. 2008).

Experimental design for the in vitro culture. The in vitro culture 
was performed according to a previous study (Santos et al. 2014). 
In the laboratory, the surrounding fatty tissues and ligaments were 
stripped from the ovaries; large antral follicles and corpora lutea 
were removed. The pair of ovaries from each animal were divided 
into 8 fragments approximately 3×3mm (1mm thick), under sterile 
conditions. For each animal, one slice of tissue was randomly selected 
and immediately fixed for histological and TUNEL analysis (fresh 
control). The remaining slices of ovarian cortex were cultured 
individually in 1mL of culture medium in 24-well culture dishes for 
7 days; the culture conditions were 39°C in an atmosphere of 5% CO2 
in air. The base culture medium (control) consisted of α-MEM (Gibco, 
Invitrogen, Karlsrushe, Germany, pH 7.2-7.4) supplemented with 
10ng/mL insulin, 5.0µg/mL transferrin, 5.0ng/mL sodium selenite, 
2mM glutamine, 2mM hipoxanthine, 1.25mg/mL BSA and 50μg/mL 
ascorbic acid and then referred as α-MEM+. To test the effect of the 
plant extract, ovarian fragments were cultured in α-MEM+ (control 
medium) or in medium composed of different concentrations of 
Morus nigra extract (M. nigra diluted in saline solution) without 
supplements (MN 0.1, 0.2 or 0.4mg/mL, pH 7.2-7.4) or M. nigra 
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extract supplemented with the same substances described above for 
α-MEM+ supplementation. The M. nigra supplemented medium was 
named MN 0.1+; 0.2+ or 0.4+mg/mL (Fig.1). The culture medium was 
replenished every other day. Each treatment was repeated 4 times, 
thus using the ovaries of 4 different animals.

Morphological analysis of preantral follicles. Ovarian 
fragments from the fresh control and each cultured treatment were 
fixed individually in 4% buffered paraformaldehyde (Dinâmica, São 
Paulo, Brazil) for 18 hours. Subsequently, fragments were dehydrated 
in a graded series of ethanol (Dinâmica, São Paulo, Brazil), clarified 
with xylene (Dinâmica, São Paulo, Brazil) and embedded in paraffin 
wax (Dinâmica, São Paulo, Brazil). Tissues were serially sectioned 
at a thickness of 5μm and sections were stained using standard 
protocols with hematoxylin-eosin (Vetec, Duque de Caxias/RJ, Brazil). 
Sections were examined by light microscopy (Nikon, Tokyo, Japan) 
at 400× magnification (Cavalcante et al. 2017).

Preantral follicles were counted and evaluated in the section 
where the oocyte nucleus was visible. These follicles were classified 
individually, according to the quality aspect, as histologically normal 
when an intact oocyte is present and surrounded by granulosa cells 
that are well organized in one or more layers and have no pyknotic 
nuclei. Atretic follicles were defined as those with a retracted oocyte, 
pyknotic nucleus, and/or disorganized granulosa cells detached from 
the basement membrane. Overall, 120 follicles were evaluated in each 
treatment (30 follicles per treatment x 4 replicates = 120 follicles), 
totaling 960 preantral follicles.

The evaluation of follicular activation (transition from primordial 
to growing follicles) was performed by quantifying normal follicles 
at different classes of follicular development (Silva et al. 2004), as 
primordial (one layer of flattened granulosa cells around the oocyte) 
or growing follicles (intermediate: one layer of flattened to cuboidal 
granulosa cells; primary: one layer of cuboidal granulosa cells, and 
secondary: two or more layers of cuboidal granulosa cells around 
the oocyte). The proportion of primordial and growing follicles 
was calculated at day 0 (fresh control) and after 7 days of culture.

Assessment of DNA fragmentation by TUNEL assay. Terminal 
deoxynucleotidyl transferase (TdT) mediated dUTP nick-end labeling 
(TUNEL) assay was used for a more in-depth evaluation of ovine 
preantral follicle quality before (fresh control) and after culture in 
the different media. TUNEL was performed using a commercial kit 
(In Situ Cell Death Detection Kit, Roche Diagnostics Ltd., Indianapolis, 
USA) following the manufacturer’s protocol and as previously 
described (Santos et al. 2014), with some modifications. Briefly, 
sections (5µm) mounted on glass slides were deparaffinized and 
rehydrated through graded alcohols, then rinsed in PBS (pH 7.2). 
The slides were incubated in citrate buffer (Dinâmica) at 95°C in a 
deckloaking chamber (Biocare, Concord/CA, USA) for 40min to retrieve 
antigenicity, and endogenous peroxidase activity was prevented by 

incubation with 3% H2O2 (Dinâmica) and methyl ethanol (QEEL, São 
Paulo, Brazil) for 10 min. After rinsing in Tris buffer (Dinâmica), the 
sections were incubated with TUNEL reaction mixture at 37oC for 
1h. Then, the specimens were incubated with Converter-POD in a 
humidified chamber at 37oC for 30 min. The DNA fragmentation 
was revealed by incubation of the tissues with diaminobenzidine 
(DAB; 0.05% DAB in Tris/HCl pH 7.6, 0.03% H2O2) during 1 min. 
Finally, sections were counterstained with Harry’s haematoxylin 
in a dark chamber at room temperature for 1 min, dehydrated in 
ethanol, cleared in xylene, and mounted with balsam (Dinâmica). 
For negative controls (reaction controls), slides were incubated 
with label solution (without terminal deoxynucleotidyl transferase 
enzyme) instead of TUNEL reaction mixture.

Only follicles that contained an oocyte nucleus were analyzed 
by TUNEL assay (Santos et al. 2014). The number of brown TUNEL 
positive cells (oocyte and granulosa cells) was counted in ten 
randomly fields per treatment using Image-Pro Plus software. 
The percentage of DNA fragmentation was calculated as the number 
of TUNEL-positive cells out of the total number of cells (x 100).

Statistical analysis. Percentages of morphologically normal 
follicles and follicular activation were submitted to ANOVA and 
the Tukey´s test was applied for comparison among treatments. 
Data from TUNEL-positive cells were submitted Chi-squared test 
and expressed as percentages. Differences were considered to be 
statistically significant when P<0.05.

RESULTS
Follicular morphology and development after in vitro 
culture

The preantral follicles from the control tissue showed 
centrally located oocytes and granulosa cells surrounded 
by normal intact basement membranes (Fig.2A). Normal 
follicles could also be observed after culture in control medium 
(Fig.2B). However, after 7 days of culture in 0.2mg/mL of 
Morus nigra extract without supplements, atretic follicles 
with a retracted oocyte and disorganized granulosa cells 
could be observed (Fig.2C).

The percentage of morphologically normal follicles 
(follicular survival) decreased (P<0.05) after 7 days of culture 
in all treatments, compared to the fresh control (76%; Fig.3). 
In addition, there were more (P<0.05) morphologically normal 
follicles in α-MEM+ (53.5%) than in M. nigra extract (average 
of 40.3%). However, there was no significant difference in the 
rate of follicular survival among the M. nigra concentrations, 
with or without supplements (P>0.05).

In all culture conditions, a significant reduction in the 
percentage of primordial follicles, reflecting an increase in the 
percentage of growing ones, was observed in all treatments 

Fig.1. General experimental protocol for in situ culture of ovine preantral follicles in Morus nigra extract.
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Fig.2. Histological sections of ovine ovarian fragments showing (A) morphologically normal follicles in the fresh control and (B) normal 
follicle after 7 days of culture in α-MEM+ or (C) atretic follicle in 0.2mg/mL Morus nigra extract without supplements. (D) Normal 
preantral follicle in 0.1mg/mL M. nigra extract, DNA damage follicle in 0.4mg/mL M. nigra extract (E) and negative control (F). 
(E,F) TUNEL-positive cells detection in ovine ovarian tissue after 7 days of culture. O = oocyte, GC = granulosa cell. Arrows indicate the 
follicles. TUNEL counterstained by hematoxylin, bar = 30µm.
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compared to fresh control group, except in ovarian tissue 
cultured in 0.2 mg/mL of M. nigra extract without supplements 
(Fig.4).

DNA fragmentation after culture
Ovarian follicles cultured in 0.1mg/mL of M. nigra without 

supplements did not show or showed less TUNEL-positive cells 
(Fig.2D). Nevertheless, oocyte DNA damage was commonly found 
after culture in 0.4mg/mL of M. nigra without supplements 
(Fig.2E). Negative controls did not show staining for TUNEL 
analysis (Fig.2F).

The percentage of TUNEL-positive cells in ovine preantral 
follicles before and after in vitro culture is shown in Figure 5. 
Culture of ovarian tissue for 7 days increased (P<0.05) the 
percentage of TUNEL-positive cells in all treatments compared 
to the fresh control. The percentage of DNA fragmentation in 
follicles cultured in α-MEM+ was similar (P>0.05) to that observed 
in 0.1mg/mL of M. nigra extract without or with supplements. 
Nevertheless, culture of follicles in 0.2 or 0.4mg/mL of M. nigra 
(in the absence or presence of supplements) increased (P<0.05) 
the percentage of TUNEL-positive cells when compared to 
other treatments.

Fig.3. Percentages (mean ± SEM) of morphologically normal follicles in the fresh control and after culture in α-MEM or Morus nigra extract. 
MN 0.1 = 0.1mg/mL non-supplemented M. nigra extract, MN 0.1+ = 0.1mg/mL supplemented M. nigra extract, MN 0.2 = 0.2mg/mL 
non-supplemented M. nigra extract, MN 0.2+ = 0.2mg/mL supplemented M. nigra extract, MN 0.4 = 0.4mg/mL non-supplemented 
M. nigra extract, MN 0.4+ = 0.4mg/mL supplemented M. nigra extract. * Differs significantly from fresh control (P<0.05); A, B different 
letters denote significant differences among treatments (different media, P<0.05).

Fig.4. Percentages (mean ± SEM) of (A) normal primordial and (B) growing follicles in the fresh control and after 7 days of in vitro culture 
in α-MEM or Morus nigra extract. MN 0.1 = 0.1mg/mL non-supplemented M. nigra extract, MN 0.1+ = 0.1mg/mL supplemented M. nigra 
extract, MN 0.2 = 0.2mg/mL non-supplemented M. nigra extract, MN 0.2+ = 0.2mg/mL supplemented M. nigra extract, MN 0.4 = 0.4mg/mL 
non-supplemented M. nigra extract, MN 0.4+ = 0.4mg/mL supplemented M. nigra extract. * Differs significantly from fresh control 
(P<0.05); A, B different letters denote significant differences among treatments (P<0.05).
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DISCUSSION
The present study evaluated for the first time the effect 
of Morus nigra leaf extract as a culture medium for ovine 
preantral follicles. The control medium (α-MEM+) showed more 
histologically normal follicles than all M. nigra concentrations, 
in the absence or presence of supplements. The α-MEM+ is 
a complex medium containing electrolytes, antioxidants, 
amino acids, energy substrates, vitamins, and it has been 
routinely used as a base medium in the in vitro culture 
systems for preantral follicles (bubaline: Gupta et al. 2008, 
canine: Serafim et al. 2010, caprine: Magalhães et al. 2011, 
equine: Haag et al. 2013, ovine: Santos et al. 2014). Moreover, 
the addition of supplements to α-MEM seems to be important 
for the maintenance of follicular survival after culture 
(Silva et al. 2004, Peng et al. 2010, Gouveia et al. 2016).

Although the follicles cultured in α-MEM were classified as 
being of good morphology, this treatment showed the same 
rate of TUNEL-positive cells as 0.1mg/mL of M. nigra extract. 
It is noteworthy that classification by traditional microscope 
observation is more subjective for quality assessment than 
ideally desired. Moreover, nuclear apoptosis at an early stage is 
difficult to identify with routine Haematoxylin-Eosin staining 
(Wang & Roy 2007). Nevertheless, the TUNEL assay of labeling 
fragmented DNA has been used as a valid method for identifying 
cell death (Luyckx et al. 2014, Furlong et al. 2015). As DNA 
fragmentation in follicular cells could be detectable before 
other morphological and biochemical signs of degeneration 
(Sreejalekshmi et al. 2011), the DNA damage in follicles 
cultured in the control medium (α-MEM) was only noticeable 
after TUNEL analysis.

On the other hand, reduced DNA fragmentation in the 
medium composed of 0.1mg/mL of M. nigra (without or 
with supplements), compared to other plant concentrations, 
and could be explained by compounds present in the extract 
used, which contains rutin, isoquercetin and kaempferitrin 
(Cavalcante et al. 2017). These substances are flavonoids, a large 
group of polyphenolic compounds found in many plant-based 
foods, with antioxidant properties (Moretti et al. 2012). 

More specifically, rutin decreased lipid peroxidation, ROS 
and DNA fragmentation in thawed deer spermatozoa after 
incubation at 37oC (Mata-campuzano et al. 2012) and can be 
used as the single antioxidant present in the base medium 
during in vitro culture of ovine secondary follicles, maintaining 
follicular viability and increasing GSH levels (Lins et al. 2017). 
Isoquercetin protects neuroblastome from the oxidative 
damage in vitro (Soundararajan et al. 2008), being described as 
anti-inflammatory and antiapoptotic factor (Wang et al. 2013). 
Moreover, kaempferitrin inhibits mieloperoxidase, a cytosolic 
enzyme that participates in ROS production in neutrophils 
(Regasini et al. 2008). It can be suggested that these three 
natural antioxidants may act isolated or in association with 
each other or with substances added to the medium to reduce 
the DNA damage in preantral follicles cultured in 0.1mg/mL 
of M. nigra.

Nevertheless, in high concentrations antioxidants can 
become prooxidants (Carocho & Ferreira 2013). Therefore, 
it is possible that higher concentrations (0.2 or 0.4mg/mL) 
of M. nigra have potentiated the cytotoxic effect of some 
compounds, increasing the rates of DNA damage. A previous 
study has shown that in vitro culture with 1000µg/mL or 
666µg/mL of M. nigra extract after 18 or 72h, respectively, 
increased caspases-3/7 activity in human prostate cancer 
cells (Turan et al. 2017).

In the current study, all treatments promoted primordial 
follicle activation, except 0.2mg/mL of M. nigra without 
supplements. Others authors have also demonstrated follicular 
activation using the supplemented α-MEM (Santos et al. 2014, 
Lima et al. 2016). Moreover, it is thought that the supplements 
could interact positively with the extract compounds to 
promote activation. A possible explanation for the activation 
observed in M. nigra without supplements may be the 
presence of rutin in the extract. Rutin increases the survival 
and prevents the decrease of proliferation of neural crest 
stem cells after damage caused by aflatoxin during in vitro 
culture (Nones et al. 2015).

Fig.5. Percentage of total of TUNEL-positive cells in the fresh control, in α-MEM or in Morus nigra extract. MN 0.1 = 0.1mg/mL non-supplemented 
M. nigra extract, MN 0.1+ = 0.1mg/mL supplemented M. nigra extract, MN 0.2 = 0.2mg/mL non-supplemented M. nigra extract, 
MN 0.2+ = 0.2mg/mL supplemented M. nigra extract, MN 0.4 = 0.4mg/mL non-supplemented M. nigra extract, MN 0.4+ = 0.4mg/mL 
supplemented M. nigra extract. * Differs significantly from fresh control (P<0.05); A, B different letters denote significant differences 
among treatments (P<0.05).
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CONCLUSIONS
Despite follicle loss after culturing, overall, our findings 

appear to suggest that the remaining follicles cultured at 
0.1mg/mL of Morus nigra extract were in good condition 
and able to resume their development, as demonstrated by 
the same rates of DNA damage as the control medium and 
by primordial follicle activation. 

Due to the higher cost of α-MEM (about 40 times more 
expensive), we recommend the use of M. nigra as a culture 
medium under the condition tested.
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