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SUMMARY

The present work investigated the efficiency of 0.9% saline solution and Phosphate Buffered Saline (PBS) in the
preservation of goat preantral follicles in situ at different temperatures and incubation times. The ovarian pair of each
animal was divided into 19 fragments. One ovarian fragment was taken randomly and fixed (control). The other 18
fragments were randomly distributed in tubes containing 0.9% saline solution or PBS at 4, 20 far39 12 or 24

h. A total of 5,921 preantral follicles were examined. The quality of preantral follicles was evaluated by classical
histology. The storage of ovarian fragments in 0.9% saline solution or PBS at 4 °C did not reduce significantly the
percentage of morphologically normal follicles when compared with the control, except after preservation in 0.9%
saline solution for 24 h. The storage of ovarian fragments at 20 or 39°C reduced the percentage of normal preantral
follicles when compared to the control, except after preservation in PBS at 20°C for 4 h. In conclusion, this study
showed for the first time that goat preantral follicles can be stored in situ successfully at 4 °C in 0.9% saline solution
for 12 h and in PBS for 24 h, and at 20 °C in PBS for 4 h.
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INTRODUCTION The 0.9% saline solution is used as a preservation
medium for complex-oocyte-cumulus (COC) transport from
t birth, a large population of follicles constitutescow (21), llama (6) and sow (26). The PBS (Phosphate
A the mammalian ovary. However, the great majoritBuffer Saline) is largely used for transportation of embryos
of these follicles do not reach ovulation, but rathefrom sheep (22), cows (19), mice (20), sows (25) and rabbits
die by the atresia during their growth and maturatior{23) as well as for COC transport from cows (17), sows
resulting in few viable oocytes produced during thél8) and cats (15). However, the effect of both solutions on
reproductive lifespan of the female (4). A new biotechniquine preservation of goat preantral follicles enclosed in
called Manipulation of Oocytes Enclosed in Preantralvarian tissue is unknown.
Follicles has been developed to save preantral follicles from This study was carried out to evaluate the effect of
the ovaries before becoming atretic and culture theritro  0.9% saline solution and PBS on the morphology of goat
up to maturation stages by preventing follicular atresia (1@reantral folliclesn sity, at different temperatures and for
A limiting factor for farm animals for the success ofdifferent preservation periods, with a long-term perspective
this biotechnique would be the quality of preantral folliclesf harvesting oocytes from the preantral follicle pool.
after removal and during transportation of the ovaries, since
the ovarian donor of preantral follicles fior vitro studies MATERIAL AND METHOD
is commonly far from reproduction laboratories. Thus, the _
preservation of preantral folliclein situ during Source ofovaries

transportation to laboratories is very important when using Ovaries (n=10) from 5 adult mixed breed goats were
preantral follicles in protocols of cryopreservation and/cgollected at a local slaughterhouse. The ovaries were
in vitro culture. stripped of surrounding fat tissue and ligaments, washed
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in 70% alcohol, then twice in 0.9% saline solution andesign (media effects, time, temperature and interactions between

processed as described bellow. factors). The data were transformed in (X The means were

compared by the Tukey test. For each treatment, the data of

normal degenerated preantral follicle from five ovarian fragments
In the slaughterhouse, the ovarian pair from eacliere pooled. The effect of the medium, temperatures and

animals was divided into 19 fragments of approximately freservation time on the percentage of morphologically normal

mm? consisting of the complete ovarian cortex of the twepreantral follicles in relation to the control was analyzed by a

ovaries. Then, one ovarian fragment was taken randon@hi-square test. The mean pH values between the control and

and immediately fixed for histology (control - time zero)other treatments were compared using the Fisher PLSD test

The other 18 ovarian fragments were randomly distributg&tat View for Macintosh). Values were considered statistically

into tubes containing 2 mL of 0.9% saline solution or PBSignificant when P <0.05.

at 4, 20 or 3%C and stored for 4, 12 or 24 h. The

temperatures were maintained using thermoflasks filled RESULTS

with water at 4, 20 and 3@. For each treatment, variables o ) . .

such as temperature, osmosis (micro-osmometer Type %)alltatlve analy'5|s.0f goat preantral follicles in the

13 PR-Autocal, Roebling, Berlin) and pH (pH-meteCONtrol and after in situ storage

PM608, Analion, SP, Brazil) of the solutions were In this study, a total of 5,921 preantral follicles were
monitored at the beginning and at the end of the treatmendgalyzed. Figure 2 shows the percentage of normal preantral
Each treatment was repeated five times. follicles stored in 0.9% saline solution and in PBS. The
d Ppercentage of normal follicles after storage®at  0.9%
saline solution for 12 h or in PBS for 24 h was not affected
when compared to the Control — Time zero (P>0.05). In
At the end of the treatments the ovarian fragmentsontrast, storage of preantral follicles at 20 and 39 °C in
were processed as follows to evaluate the morphology éth solutions, at all incubation times tested, decreased
the goat preantral follicles enclosed in small fragments @b<0.05) the follicular viability when compared with
ovarian tissue. The ovarian fragments from each treatmegéntrols (P<0.05), except when the preservation was
including the control, were fixed individually in Carnoy performed in PBS, at 20 for 4 h (P>0.05).
for 12 h. Subsequently, the ovarian fragments were There was no effect of incubation time on the
dehydrated ina graded series of ethanol, clarified with Xy|%rcentage of morpho|ogica||y normal preantra| follicles
and embedded in paraffin wax. The tissue was sectiongf the preservation of follicles in PBS a€4However, in
serially at a thickness of 7 mm, and evefysgction was the fragments stored at@in saline solution there was a
stained using standard protocols with PAS-HematOXilyl’(lj.ecrease (P<0.05) in the percentage of morpho|ogica||y
Sections were examined by light microscopy (Leica) anfbrmal follicles when stored for 24 h. Similar results were
the preantral follicles were counted and evaluated in thgserved with the use of PBS and saline solution at 20 °C
section where the nucleus of the oocyte was visible.  and 39°C with the increase of the incubation time from 4
Preantral follicles were evaluated based on thg 12 h and from 12 to 24 h (P<0.05).
integrity of the basement membrane, presence or absence  with regard the effect of temperature at the same
of pycnotic bodies and integrity of the oocyte. Based dcubation time, the results showed that for the saline
these parameters, preantral follicles were classified gglution there was an effect (P<0.05) of temperature on the
morphologically normal (containing a healthy oocyte anglercentage of morphologically normal preantral follicles
well organized granular cells; Fig. 1A), degenerated typegt all times tested, with a progressive reduction in the
follicles (containing an oocyte with pycnotic nuclei andpercentage of morphologically normal follicles with the
sometimes had a retracted oocyte, but normal granular cejigrease of temperature from 4 to 39 °C . Similar results
Fig. 1B) and degenerated type 2 follicles (containing @ere obtained for the PBS except for the storage time of 4
shrunken oocyte with pycnotic nuclei and disorganized at which the temperature of 20 °C did not decrease
granular cells; Fig. 1C). These three classifications wefgllicular viability when compared with storage at 4 °C.
assigned on a basis of atresia observed in the control and/  Comparisons were made between saline solution and
or combined with changes that occurred as a result pBS at the same temperature and incubation time. Although
storage. Criteria for granular cells and oocyte degeneratigg significant difference in the percentage of normal
were identified using ovaries fixed at time zero (control) preantral follicles between these solutions was detected at
Statistical analysis 4 °C for _12h, a greatt_ar (P<0.05) percc_antage of
morphologically normal follicles was observed in PBS for
All data were submitted to ANOVA using a factoriala|| incubation times tested at 4 °C for 24 h, 20 °C for 4 and

Experimental protocol

Qualitative analysis of goat preantral follicles enclose
in ovarian tissue
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12 h, and at 39 °C for 4 h.

Distribution of follicular degeneration type in the control
and after incubation

the different treatments, in 0.9% saline solution (Fig. 3A)

and in PBS (Fig. 3B). There was a predominance (P<0.05) of
type 1 degeneration in the fragments stored in both solutions
at4°C, at all incubation times, and at 20°C in PBS for4 h. In

Fig. 3 shows the distribution of degenerated type dontrast, at 39 °C a predominance (P<0.05) of degenerated

and 2 preantral follicles in the control and after storage

| J.tﬁ

Histological sections of ovarian fragment after staining with PAGD 0-9% saline solution (3A) and in PBS (3B).

Flgure 1

hematoxilyn, showing A) normal preantral follicles (X 1. 160)
B) degenerated type 1 follicles (X 1.160) and C) type
degenerated follicles (X 1.160). O: oocytes, Nu: nucleus of oocyt

tppe 2 follicles was observed, except in the fragments stored
in PBS for 4 h. Compared with the controls, a greater (P<0.05)
percentage of degenerated type 1 follicles was observed at
20 °C in saline solution and PBS for 12 and 24 h. A greater
(P<0.05) percentage of degenerated type 2 follicles compared
with controls was observed in follicles kept in saline solution
at4°C after 24 h, and 20 and 39 °C at all incubation times and
in PBS at 20 and 30 at all incubation times.
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Figure 2
Effect of temperature and incubation time on the percentage of
morphologically normal preantral follicles preserved in 0.9%
saline solution and in PBS
* - Differs significantly from the control (P<0.05). a,b,c — Different letters at
the same incubation temperature show significant difference (P<0.05). d,e,f
— Different letters at the same incubation time show significant difference
(P<0.05). A,B — Different letters show significant difference between solutions
for the same temperature and incubation time (P< 0.05).
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Figure 3
Percentage distribution of the type 1 and 2 degenerated preantral
follicles, from the control and after storage in different treatments,

- Denotes a significant difference of degeneration types within each treatment

g < 0.05). a,b — different letters show significant differences between the

ercentage of degenerated type 1 follicles (Deg T1 F) found in different
Ratments and in the control (P < 0.05). A,B — different letters show significant

GC: granular cells, dO: degenerated oocytes (* marks pyknotififerences between the percentage of degenerated type 2 follicles (Deg T2 F)

nucleus) and dGC: degenerated granular cells.
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Changes in pH and osmolarity of 0.9% saline solutiostorage at temperatures betweefCland 39C. Oocytes
and PBS with preservation time from antral follicles, aspirated after storing bovine ovaries

The mean values of pH and osmosis in the fredbr 12 h between ¥& and 28C, did not show reduced
media (before the addition of the fragment) respective tapacity to develop to blastocy®dt8. However, Azambuja
saline solution and PBS were #M11 and 2923.32 etal?reported that the fertilization, cleavage and embryonic
mOsm/L and 7.20.08 and 2943.25 mOsm/L. The storage development rates are higher in oocytes maintained @t 39
of ovarian fragments in situ at@ did not result in in comparison to those cooled ar@Gr 10C. Under our
significant pH or osmosis changes in either solutiorconditions, the higher degeneration rates were observed at
However, there was a significant decrease and increase88fC, which were associated with a decrease and increase in
pH (6.8+0.32 - saline solution; 6:9.02 - PBS) and osmosis pH and osmaosis, respectively, in relation to the fresh media.
(318+3.08 - saline solution; 3¥3,65 - PBS) at 3 in  This might be due to the fact that increasing cellular
the test solutions compared to the fresh media, respectivetyetabolism has accelerated the consumption of media

nutrients, as well as exceeding the buffering power of PBS.
The resulting drop in pH could have caused cellular injuries,

DISCUSSION with the release of intracellular contents and a consequent
increase in osmosis.

The present study shows that goat preantral follicles In spite of the fact that the saline solution exhibited a
can be stored successfully in situ for a long time in salirmmparable efficiency for the storage of goat preantral
solution or PBS at low temperature. follicles at 4 °C for 12 h, the percentage of morphologically

These results may be due to the fact that thisormal follicles was significantly greater in the PBS. The
temperature provided lower rates of cellular metabolism,9% saline solution is easier to obtain, to prepare and is
consequently minimizing the metabolic need and, thusheaper, but has a poor composition. The PBS is a buffer
increasing the resistance of follicles to the absence sélution, and is rich in nutrients. According Egpjgyruvate,
nutrients and oxygen. The oxygen consumption requirehe of the compounds of PBS, can supply the energy
for energy production can be substantially reduced by meamsjuired in the earliest stages of oocyte growth, maturation
of hypothermia. Studies involving goat preantral follicleand cleaving eggs. In our preservation conditions, the
storage in vitro are not currently available. However, careantral follicles had two nutrient sources, i.e., their own
oocytes from antral follicles stored for 24 h®E 4re capable energetic sources and the nutrients from the preservation
of reaching metaphase Il and produce blastocystsiaftermedium. Thus we can suggest that the goat preantral follicles
vitro fertilizatior?”. The temperature of°@ has been were able to survive with their own energetic source¥at 4
successfully used in the preservation of domestic cat ovarfes 12 h, since the media showed similar effectiveness in the
for 48 h?® and cow ovaries for 24 h for blastocyst productiopreservation of preantral follicles enclosed in ovarian tissue.
in vitro 2. On the other hand, Yang etateported that the However, with the increase of incubation time and
storage of bovine ovaries &Cifor 24 h resulted in a very temperature, media composition became a very important
low cleavage rate and blastocyst percentage. This mayfaetor for the maintenance of follicular viability. The good
due to the distinct preservation methodology used by thesssults obtained with PBS are probably due to the
authors. composition of this medium. However, the use of a richer

This study shows that when the preantral folliclesnedium is very important for maintenance of the viability of
were stored in 0.9% saline solution @@ 4or 24 h, orat 2r  preantral follicles stored at higher temperatures and for a
39C, in both solutions, at all incubation times (except donger period.
20reC for 4 h in PBS), there was a significant decrease in the In the histological analysis, a classical method in the
percentage of normal preantral follicles when compared witfetection of follicular atresi& 113 there was a predominance
control. The normal (3€) or subnormal (2C) metabolism of degenerated type 1 preantral follicles in the control (time
associated with low oxygen tensionvitro could result in  zero) as well as in the fragments stored &, 4t all
a higher rate of follicular degeneration found in théncubation times, in both solutions, and &ih 0.9% saline
treatments where the ovarian fragments were stored@t 2@olution for 12 and 24 h or in PBS for 4 h. According to
and 39C. Jennings et af. suggested that changes in thaVood et af®, the first index of degeneration in preantral
cellular membrane permeability, induced by lack of oxygeiollicles is oocyte degeneration, whereas the first indicator
caused changes at a level of intracellulat,Kaand Ci, inantralfollicles is usually related to the granular cells. Similar
that associated with changes in the distribution 6f @& results using fresh ovaries were obtained studying°cow
increase of intracellular water, may lead to increased cellula@t'?, and goat preantral follicl€s® Wood et af® obtained
volume and consequently cellular degeneration. The resutisnilar results after preservation of cat follicles in PBS for
found in the literature are controversial about antral folliclamiore than 48 h. According Driancourt & Thuel (7) the oocyte
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is the first cell within the follicle to be affected by atresia, CONCLUSIONS
and whether oocyte atresia is related to oocyte defects or to
an improper dialogue between the oocyte and its In conclusion, this study showed that goat preantral

surrounding granular cells remains unclear. In contrast, fiollicles could be successfully preserved @ for 12 h in

the treatments where the ovarian fragments were preser8% saline solution and in PBS. However, with the increase
at 39C in saline solution and in PBS, at all incubation timesf the incubation time and/or of the temperature, a richer
(except in PBS for 4 h), type 2 degenerated folliclesmedium such as PBS is recommended. The preservation of
predominated, i.e., degeneration in both oocyte and granugrat preantral follicles situduring transport to specialized
cells. This indicates that the degeneration occurred to tladoratories, under the conditions recommended in this
same extent in the oocyte and in granular cells when folliclpaper, could be important in assuring good quality oocytes
were preserved at higher temperatures for a long periddr use in culture and/or cryopreservation, enhancing the
There was also great individual variation of the folliclesefficiency of animal reproduction in the future.

regarding sensitivity to undergo atresia, indicating resistance

of some follicles to degeneration, because even at high ACKNOWLEDGEMENTS
temperatures for long periods, a small number of follicles i o .
remained morphologically normal. The authors thank Vicente José de Figueiredo Freitas

for technical support.

RESUMO

O presente trabalho investigou a eficiéncia da solu¢édo salina 0,9% e tampao fosfato salina (PBS) na conservacdo de
foliculos pré-antrais caprinds situ a diferentes temperaturas e tempos de incubagdo. O par ovariano de cada animal foi
dividido em 19 fragmentos. Um fragmento foi escolhido aleatoriamente e fixado (controle). Os outros 18 fragmentos
foram distribuidos aleatoriamente em tubos contendo solugdo salina 0,9% ou PBS a 4, 20 ou 39 °C por 4, 12 ou 24 h. Um
total de 5.921 foliculos pré-antrais foram analisados. A qualidade dos foliculos pré-antrais foi avaliada através de histologia
classica. A incubagao de fragmentos ovarianos em solugdo salina 0,9% ou PBS a 4 °C ndo reduziu significativamente a
percentagem de foliculos morfologicamente normais quando comparados com o controle, exceto apds a conservagao em
solucdo salina 0,9% por 24 h. A incubagao de fragmentos ovarianos a 20 ou 39°C reduziu a percentagem de foliculos pré-
antrais normais quando comparados com o controle, exceto apds conservacao em PBS a 20°C por 4 h. Em concluséo, este
estudo mostrou pela primeira vez que foliculos pré-antrais caprinos podem ser consesitaicdosn sucesso a 4 °C em

solugéo salina 0,9% por 12 h e em PBS por 24 h, e a 20 °C em PBS por 4 h.

PALAVRAS-CHAVE : Caprino. Foliculo pré-antral. Conservagéo. Solugéo salina 0,9%. PBS.
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