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SUMMARY

The present study investigated the efficiency of saline solution and coconut water solution in the preservation of goat
preantral follicles enclosed in ovarian tissue, at different temperatures and for different incubation periods. At the
slaughterhouse, the ovarian pair was divided into 19 fragments; one ovarian fragment was immediately fixed for histology
(control-time zero). The other 18 ovarian fragments were preserved in both solutions at 4°C, 20°C or 39°C for 4 h, 12 h or
24 h. The histological analysis showed that the storage of ovarian fragments in both solutions at 4°C for up to 24 h kept the
percentage of normal preantral follicles similar to the control values. In contrast, preservation at 20°C or 39°C, in either
solution, reduced significantly the percentage of normal preantral follicles compared to the control values, except in saline
solution at 20°C for 4 h or in coconut water solution at 20°C for 4 h and 12 h. In conclusion, this study shows that both
solutions can be used with the same efficiency to preserve goat preantral follicles at 4°C, irrespective of the incubation time
However, to preserve goat preantral follicles at higher temperatures, coconut water solution is recommended.
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INTRODUCTION cryopreservation and/or in vitro culture protocols. Several
studies have successfully used saline solution in the transport
t birth, the mammalian ovary contains manyof ovaries of some species (1, 19, 23, 25). Coconut water
A thousands of oocytes enclosed in preantrablution is another efficient medium used to preserve goat
follicles. However, only a tiny part (0,01%) will be (22), pig (26, 27) and sheep semen (13), as well as during
used during the reproductive lifespan of the female, i.e., theurine oocyte maturation (3) and embryo culture (4). However,
other follicles become atretic during their growth andhe effect of those solutions on the preservation of goat
maturation (7). The biotechnology of manipulation of oocytesocytes enclosed in preantral follicles is unknown.
enclosed in preantral follicles (MOEPF) has been developed  The present study was carried out to evaluate the
to rescue these follicles from the ovaries before they becomiect of saline and coconut water solutions on the
atretic and culture these follicles in vitro up to maturatiopreservation of goat oocyte enclosed in preantral follicles,

stages by preventing follicular atresia. using different incubation temperatures and times.
The biotechnology of MOEPF has already been
successfully applied in laboratory species, and mouse MATERIAL AND METHOD

offspring from preantral follicles isolated and cultured in vitr(bv
have been obtained (8, 10, 11, 20). However, in domestic
species, a limiting factor for the success of this biotecnology Ovaries (n=8) from 4 adult mixed breed goats were
is the quality of prantral follicles after removal andobtained at a local slaughterhouse. The ovaries were dissected
transportation of the ovaries, since the ovarian donor fikom surrounding fatty connective tissues, washed in 70%
commonly encountered far away from reproductiomlcohol for approximately 10 seconds and washed twice in
laboratories. Thus the preservation of oocytes encloseds@line solution and processed as described below.

preantral follicles during transportation to laboratories is veyedia
important when using these kind of follicles in

ary Source

The efficiency of two different media on the
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preservation of goat preantral follicles enclosed in ovariaassigned on the basis of atresia observed in the control and
tissue was evaluated in this study. The media tested werecainbined with changes that occurred as result of storage.
saline solution, and 2) coconut water solut@nconut water Criteria for granulosa cell and oocyte degeneration were
in natura has an osmolarity of 500mOsm/L and a pH of 4.5identified using ovaries fixed at time zero (Control).

5.0. To correct these paramete_rs, itis necessary to ad_d puri@[ﬂtisti cal Analysis

water to reduce the osmolarity and 5% sodium citrate to

increase the pH. Thus, the coconut water solution is  Foreach treatment, data of normal and degenerated
composed of 50 ml of filtered coconut water, 25 ml of purifie@reantral follicles from four ovarian fragments were pooled.

water and 25 ml of 5% sodium citrate (final osmolarityThe effects of the preservation solution (saline solution or
300mOsm/L and pH: 6.8). coconut water), temperatures and incubation times on the

percentage of normal and degenerated follicles were
analyzed by Chi-square test (Instat for Macintosh). The
The ovarian pair from the same animal was dividethean pH values between the control and other treatments
into 19 fragments at the slaughterhouse. One ovarian fragmeietre compared using ANOVA and Fisher PSLD test (Stat
was taken randomly and immediately fixed for classicafiew for Macintosh). Values were considered statistically
histology (Control - Treatment 1 - Time zero). The other 18ignificant when P<0.05.
ovarian fragments were randomly distributed in tubes
containing 2mL of saline solution or coconut water at 4°C, RESULTS
20°C or 39°C for 4 h, 12 h or 24 h (Treatments 2 to 19) as
shown in Figure 1. The temperatures were maintained using ~ Storage of Goat Preantral Follicles in Saline Solution
thermosflasks filled with water at 4°C, 20°C or 39°C. For eacti Coconut Water Solution
treatment, parameters such as temperature and pH of the  Atotal of 3,243 preantral follicles were examin&tie
solution were monitored at the beginning and at the end bigure 3 shows the effect of temperature and storage time on
the treatments. Each treatment was repeated 4 times.  the percentage of morphologically normal preantral follicles
stored in saline solution or coconut water solution. It was
observed that the storage of ovarian fragments in saline
solution at 4°C for up to 24 h and 20°C for 4 h did not affect
The quality of the goat preantral follicles enclosed isignificantly the percentage of normal preantral follicles
small fragments of ovarian tissue was evaluated at the egmmpared to the control (P>0.05). However, in the fragments
of the treatments tested by processing the ovarian fragmepteserved in saline solution at 20°C for 12 h and 24 h or at
as follows. The ovarian fragment from each treatmen$9°C, in all incubation times tested, the percentage of normal
including the control, was fixed individually in Carnoy for 12follicles decreased significantly when compared with control
h. They were then dehydrated in a graded series of ethanalues (P<0.05). Similar results were obtained with the coconut
clarified with xylol and embedded in paraffin wax. The tissuwvater solution, except for the ovarian fragments stored at
was sectioned serially at a thickness of 7 mm. Eviesgétion  20°C for 12 h in which the percentage of normal preantral
was stained PAS-Hematoxilin; each of these sections wiadlicles was similar to those obtained in the control (P>0.05).
deparaffinized with xylol and rehydrated in graded alcohol. Comparison between saline solution and coconut
Sections were examined by light microscopy (Leica). water solution at the same temperature and incubation time
The morphology of preantral follicles was evaluateghowed a significantly higher percentage of the normal
based on the integrity of the basement membrane, dengitgantral follicles only after storage in coconut water at
of the granulosa cells, presence of pycnotic bodies ag@°C for 12 h and at 39°C for all incubation times.
integrity of the oocyte, using the nucleus as a marker. The In saline solution and coconut water at 4°C, the increase
proportion of atretic follicles in the control sample wasn incubation time from 4 h to 12 h and 24 h did not affect
considered as a baseline value for that seen in the stosgshificantly the percentage of normal preantral follicles. In
sample, changes seen due to storage. Based on the@sftrast, in the fragments stored in both solutions at 20°C
parameters, preantral follicles were classified agnd 39°C, there was a significant decrease in the percentage
morphologically normal (containing a healthy oocyte angf normal preantral follicles with the increase in incubation
well organized granulosa cells without pycnotic nuclei; Figime from 4 h to 12 h or 24 h and in coconut water at 20°C in
2A), degenerated Type 1 (containing an oocyte with pyknofighich the increase in incubation time from 12 h to 24 h
nucleus and sometimes retracted oocytes, but normydcreased the percentage of normal preantral follicles (P<0.05).
granulosa cells; Fig. 2B) and degenerated Type 2 (containing Regarding to the effect of temperature at the same
an shrunken oocytes with pycnotic nucleus and disorganizgfpation time, the results showed that in saline solution,
granulosa cells; Fig. 2C). These three classifications Weg§ 411 incubation times tested, there was a progressive
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reduction of the percentage of normal preantral follicles withmong the control and the different treatments when the
the increase in temperature from 4°C to 20°C and 39fagments were stored in both solutions at 4°C for all
(P<0.05), except for the storage time of 4 h, at which thecubation times, as well as in saline solution at 20°C for 4 h
temperature of 20°C did not decrease the percentageaofl in coconut water at 20°C for 4 h and 12 h. Similar results
normal follicles when compared with the storage at 4°C (Figiere observed for the percentage of degenerated Type 2
3). For the coconut water, the results showed that tlalicles. However, fragments stored in saline solution at 20°C
percentage of normal preantral follicles did not decrease witbr 12 h and 24 h or in coconut water solution at 20°C for 24
the increase in temperature from 4°C to 20°C, except wherpresented a significant increase in the percentage of
fragments were preserved at 20°C for 24 h. However, in salidegenerated type 1 follicles compared with the control. There
solution a significant reduction in the percentage of normulas a significant predominance of degenerated type 2 follicles
preantral follicles was observed with the increase icompared to the control in the fragments stored in saline
temperature from 20°C to 39°C, at all incubation times testesthlution at 20°C for 12 h and 24 h and in coconut water at
On the other hand, when the fragments were stored2a°C for 24 h, as well as in both solutions at 39°C for all
coconut water, the increase in incubation temperature frarmcubation times tested.
20°C to 39°C decreased the percentage of normal preantral With regard to the distribution of degenerated
follicles when preserved for 24 h. Type 1 and Type 2 preantral follicles, in each treatment, there
was a significant predominance of degenerated Type 1 in
the control and in fragments stored in saline solution at 4°C
and at 20°C for all incubation times tested as well as in
Fig. 4 shows the distribution of degenerated Type ftagments stored in coconut water at 20°C for 12 h. In
and Type 2 preantral follicles, in the control and after storagentrast, when the fragments were stored in saline solution
in the different treatments, in saline solution (Fig. 4A) angt 39°C for all incubation times and in coconut water at 39°C
in coconut water (Fig. 4B). There were no significanfor 12 h and 24 h there was a predominance of degenerated
differences in the percentage of degenerated type 1 folliclgpe 2 follicles.

Distribution of Follicular Degeneration Type in the Control
and After Storage
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Figure 2
Histological section of ovarian fragment after staining with PAS-hematoxilin, showing A) normal preantral follicle (108g¢ri@rdted Type
1 follicles (100x) and C) degenerated Type 2 follicle (100x). O: oocyte, NO: nucleus of oocyte, GC: granulosa cells, D&tedegmrige,
DGC: degenerated granulosa cells and PN: pycnotic nucleus.
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Figure 3
Effect of temperature and storage time on the percentage of morphologically normal preantral follicles preserved itutgalioe so

cocconut water solution.
*Differ significantly from the control .a, b Different letters at the same preservation temperature differ significantlyCA Different
letters in the same preservation time differ significantly
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Figure 4
Percentage distribution of Type 1 and 2 degenerated preantral follicles, in the control and after storage in the diffezats, tire saline
solution (figure 4A) and in coconut water solution (figure #Bkgnotes a significant difference of degeneration types within each treatment
a,b Different letters shows significant difference between the percentage of degenerated Type 1 follicles foundedretiereidfments and
control. A, B Different letters shows significant difference between the percentage of degenerated Type 2 degenesatéolifalich the different
treatments and control

DISCUSSION stored preantral follicles at 4°C (feline — 28). Hirshffeddso
reported that in secondary follicles, between 75 pm and 150

This study shows that it is possible to preserve gogtn in diameter, oocyte degeneration was usually the only
preantral follicles enclosed in ovarian tissue successfully fign of atresia. It was reportétithat the first index of
saline solution or in coconut water solution at lowlegeneration in preantral follicles is oocyte degeneration,
temperatures. However, the effectiveness of eaathereas the first indicator in antral follicles is usually related
preservation solution is dependent on the temperature andhe granulosa cells. Braw-Tal and Yossgéifter culture
incubation time. of bovine preantral follicles, reported that the oocytes

The histological analysis of preantral follicles preserdegenerated or completely disappearead while the granulosa
in the control as well as in fragments stored at 4°C or 202€lls appeared healthy in the first days of culture. In contrast,
showed that oocyte changes (type 1 degeneration) are ithreatments where the preantral follicles enclosed in ovarian
first sign of degeneration. Similar results were also observédsue were preserved at 39°C, the most common type of
after analysis of fresh (caprine - 19 and ovine - 18) or coldegeneration was type 2, indicating that oocyte and
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granulosa cells were similarly affected, i.e. susceptible tellular membrane permeability induced by lack of oxygen,
degeneration when preantral follicles were stored at 39°Cchused changes at a level of intracellular, Kaand Ci, that
is important to note that in this study no pycnotic bodies imssociated with changes in the distribution of*Gand
granulosa cells were observed. According to Cahal® increase in intracellular water, may lead to increased cellular
and Joricet af®. while the pycnosis of granulosa cells occurgolume and consequently cellular degeneration.
in antral follicles it is almost absent in preantral follicles. Comparing the media tested in this work, the coconut
Although the duration of follicular atresia is unkno¥fn water solution was more effective than saline solution in
this current studty shows that atresia signs are earlier preserving goat preantral follicles at 20°C for 12 h and 39°C for
oocytes than in granulosa cells. all incubation times. The good results obtained with coconut
The storage of ovarian fragments at 4°C in bottvater solution are probably due to the nutrient composition
solutions, as well as in saline solution or coconut water solutiofithis medium, which is rich in proteins, salts, sugars, vitamins,
a 20°C for 4 h and for up to 12 h, respectively, maintained tijeowth factors and plant hormofeg£oconut water solution
percentage of normal preantral follicles similar to that founidas been successfully used for semen preservation in goats
in the ovary, immediately after animal death (control - tim&, sheep'® and pigs?®, as well as during murine oocyte
zero). These results may be due to the hypothermia provokedturatior® and embryo culturé Combarnous and Nunes
by low temperatures, that might have reduced celluldggolated a component named Indole-3-acetic acid or IAA from
metabolism, consequently minimizing the metabolic need ardconut water. The IAA is the main representative of a group
increasing the resistance of follicles to the reduction a@ff plant hormones called auxins. In plants, the auxins increase
nutrients and oxygen during preservation in vitro. Roy anckll wall plasticity, alter cell permeability, respiratory patterns
Treacy, observed that a lower metabolic rate at loand nucleic acid metabolisfhRegarding the effect of IAAn
temperatures may be beneficial in maintaining viable humamimals, it was related that the percentage of living
preantral follicles after isolation and in vitro culture. Thespermatozoa with undamaged acrosomes after 13 days of
temperature of 4°C has been successfully used in thterage at 15°C was significantly higher in the presence of
preservation of domestic cat ovaries for 48 and bovine |AA compared to the control. Nurfésobserved that I1AA
oocytes from antral follicles for 24?h allows an increase in the motility and percentage of living
The increase in incubation temperature from 4°C tgpermatozoa and also increases the fertility rate. However,
20°C or 39°C, as well as the increase in the incubation tinee mechanisms of IAA action in animal cells is not clear.
from 4 h to 12 and 24 h after preservation at 20°C or 39°C, in In conclusion, this work shows that saline solution
both solutions, decreased significantly the percentage afid coconut water solution can be used with the same
normal preantral follicles. The normal (39°C) or subnormadffectiveness for the preservation of goat preantral follicles
(20°C) metabolism associated with low oxygen tension in vitiet 4°C, irrespective of the incubation time. However, coconut
could result in a higher rate of follicular degeneration in thevater solution is recommended to preserve goat preantral
treatments where the ovarian fragments were stored at 20éQicles at higher temperatures.
and 39°C. Jenningst al ¥, suggested that changes in the

RESUMO

O presente estudo investigou a eficiéncia da solucao salina e solucéo a base de dgua de coco na preservacao de foliculos
pré-antrais inclusos em tecido ovariano, em diferentes temperaturas e diferentes tempos de incubacgé&o. No abatedouro, o
par ovariano foi dividido em 19 fragmentos; um fragmento ovariano foi imediatamente fixado para histologia classica
(controle-tempo zero). Os outros 18 fragmentos ovarianos foram conservados em ambas as solugdes a 4°C, 20°C ou 39°C
por 4 h, 12 h ou 24 h. A analise histolégica mostrou que a conservagao de fragmentos ovarianos em ambas as solucdes a
4°C por até 24 h mantém a percentagem de foliculos pré-antrais normais similar aos valores do controle. Ao contrario, a
conservacao a 20°C ou 39°C, em ambas as solucdes, reduziu significativamente a percentagem de foliculos pré-antrais
normais comparado aos valores do controle, exceto em solugdo salina a 20°C por 4 h ou em solugédo a base de agua de coco
a 20°C por 4 h e 12 h. Em concluséo, esse estudo mostrou que ambas as solu¢des podem ser usadas com igual eficiéncia
para conservar foliculos pré-antrais caprinos a 4°C, independente do tempo de incubagdo. No entanto, para conservar
foliculos pré-antrais caprinos a altas temperaturas, a solugdo a base de dgua de coco é recomendada.

PALAVRAS-CHAVE: Conservacdo. Cabra. Foliculos pré-antrais. Agua de coco. Solucéo salina.
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