In vivo change in the germinal vesicle of the sow oocyte
the follicular phase before the ovulatory LH surge
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germinal vesicle (GV)

oocyte during the follicular phase preceding the ovulatory LH surge. Estrus
synchronization obtained with methallibure treatment provided a reference point for dating
the onset of the follicular phase of each sow in the experiment. The oocyte GV’s of preovulatory follicles having a diameter of less than 2 mm (during the first 2 to 3 days of the follicular
phase) showed uniformly dispersed chromatin with no condensation, while the GV’s of
oocytes from preovulatory follicles of more than 2 mm diameter (from days 2 and 3 of the
sow

follicular phase to day 5) presented condensed chromatin in the shape of a crown or horseshoe surrounding the nucleolus, and irregular chromatin clusters in the nucleoplasm ;
these clusters were usually found lying against the nuclear membrane.

Introduction.
The oocyte nucleus, called the germinal vesicle (GV), remains at the diplotene
stage of the meiotic prophase (dictyate stage) from embryonic life to the time of the
ovulatory LH surge, permitting resumption of meiosis at each cycle in oocytes within
suitable follicles. The literature contains many references to GV breakdown and change
resulting from the ovulatory LH surge, i. e. the first stages of the resumption of meiosis
(rats : Odor, 1955 ; Mandl, 1963 ; mice : Edwards and Gates, 1959 ; Donahue, 1968 ;
sows : Spalding et at., 1955 ; Hunter and Polge, 1966 ;
McGaughey and Polge, 1971 ;
Motlik and Fulka, 1976), but little has been published on the development of the GV
of oocytes from preovulatory follicles before the ovulatory LH surge.
This study reports developmental changes in the GV in sows during the first
5 days of the follicular phase. Sows were chosen as experimental animals because they
have a relatively long (6-6.5 days) follicular phase which can be exactly dated at its
onset after withdrawal of a methallibure treatment (Polge et al., 1968). Moreover, it
has been reported in the sow that dictyate oocytes can be ovulated if premature ovulation is induced by HCG injected on day 17 of the cycle, that is, 3 to 4 days before the
natural LH surge (Hunter et al., 1976). Such a result suggests that changes must occur
in the GV or in the oocyte, as well as in the follicle, before meiosis can resume.

Material and methods.
Sixteen mature nuiliparous or parous sows (Large White X Landrace hybrids)
studied ; 4 served as controls of a spontaneous estrous cycle and 12 were treated
for estrus synchronization, as described by Polge et al. (1968). Since methallibure
treatment acts on the hypothalamo-pituitary axis, inhibiting gonadotropin release
and thus follicular growth, its withdrawal provides a reference point for dating the
onset of the follicular phase of each sow. Follicular growth resumes at a known date
when the methallibure treatment is stopped. On day 1 (D1), an injection of1 000 IU of
PMSG was given to coordinate the onset of the follicular phase in all animals.
Individual sows were slaughtered on successive days after the treatment was
withdrawn (DO to D6), and the ovaries were removed a few minutes after slaughter.
The following histological methods were used to study ovaries, pieces of ovary, previously isolated follicles or oocytes :
were

1) Bouin-Hollande fixation, paraffin wax embedding, material cut serially at 10 g,
hematoxylin-eosin staining ;
2) fixation with 0.7 p. 100 paraformaldehyde in 0.15 M cacodylate buffer at pH 7.3,
paraffin wax embedding, material cut serially at 6 g, Feulgen-Fast Green staining or
Toluidine Blue at pH 4.2 ;
3) fixation with 0.7 p. 100 paraformaidehyde-2.5 p. 100 glutaraldehyde in 0.15 M
cacodylate buffer at pH 7.3, Osmium postfixation, Epon embedding, material cut
serially at1 fL, staining with the method of Richardson et al. (1960).
.

Results.

Morphological development of the GV was followed every day only in preovulatory follicle oocytes, that is, in the largest follicles of each ovary (the follicle diameter
had been evaluated with a microscope) which were clear, well vciscularized and without any sign of pyknosis (Daguet, 1978). A follicle was considered as atretic when it
contained more than 4 pyknotic nuclei per 10 !t section of granulosa.
Morphological changes in the GV were noted between DO and D5, or during the
period of the follicular phase preceding ovulatory LH surge.

GV morphological
called GVI and GV II :

Description.

-

development

has been divided into two stages

GVI (photos 2, 3) : there was no significant condensation of the chromatin, which
remained dispersed in the nucleoplasm. This stage was similar to that described in the
oocytes of preantral follicles (photo 1). The only difference was the position of the GV :
it was usually subcentral in oocytes of preantral follicles and peripheral in oocytes of
preovulatory follicles.
GV II (photos 4, 5, 6, 7) : the chromatin condensed in the form of a crown or horseshoe surrounding the nucleolus and in irregular clusters in the nucleoplasm ; these
clusters were usually lying against the nuclear membrane.
-

-
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(86
In
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Chronology (table 1).
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-

In all
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after withdrawal of the methallibure treatment is

Thus, there were morphological changes in the chromatin condensation of the
GV well before the ovulatory LH surge. The oocyte GV of control sows given no methallibure treatment and slaughtered at days 18 and 19 of a spontaneous estrous cycle,
presented the same chromatin condensation surrounding the nucleolus as that observed in the methallibure-trecited animals slaughtered at the same stage (D4-D5, when
referring to the onset of estrus).
HCG injection given at D5 when follicular diameter is over 5 mm, and consequenwhen
the oocytes are in GV II, shows that such oocytes resume meiosis at a normal
tly
rate, according to Hunter and Polge (1966) and Motlik and Fulka (1976) : 24 hrs after
HCG injection (at D6) 100 p. 100 of the oocytes were in the metaphase of the first
meiotic division.
Discussion.

Many studies describe GV breakdown and change after HCG injection. However,
this study reports the morphological development of the GV during the period of the
follicular phase preceding the LH surge : (i) in the oocyte GV’s of preovulatory follicles
having a diameter smaller than 2 mm, the chromatin was despiralized and no condensation was noted ; (ii) condensation occurred in the oocyte GV of preovulatory follicles
having a diameter larger than 2 mm ; the chromatin was always condensed in the

form of a horseshoe surrounding the nucleolus and in irregular clusters in the nucleoplasm. These clusters were usually found lying against the nuclear membrane.
Thebault (personal communication) observed the same change in the chromatin
condensation in the GV of rabbit oocytes during the preovulatory phase before LH
surge. Many authors have observed the horseshoe-shaped chromatin around the GV
nucleolus of preovulatory oocytes (mice : Edwards and Gates, 1959 ; Dohanue, 1968 ;
sows : Hunter and Polge, 1966 ; Motlik and Fulka, 1976), but they did not describe the
transformation of GVI into GV II observed in this study.
The

following

criticisms of this work may be made :

- that acid fixatives, such

as the Bouin-Hollande used, sometimes induce chromatin
condensation or retraction. If that is the case here, then that artefact should also be
seen in the GV I stage. However, no chromatin condensation was found at that stage.
Moreover, with aldehyde fixatives buffered at pH 7.3, both stages were also found.
The positive chromatin condensation with Feulgen reaction and Toluidine Blue (at
pH 4.2), which specifically stained chromatin nucleic acids, confirms this interpretation;
that the transformation of GVI into GV II during follicular phase might occur only
in follicles which were atretic or potentially so. It was shown in Material andmethods
that only healthy follicles were chosen each day from among the largest ones of each
ovary ; thus, only those which were supposed to ovulate (Daguet, 1978) were used.
-

The chromatin condensation prior to the LH surge would thus be a physiological
phenomenon ; it might be the onset of a partial condensation leading to further
condensation of the prometaphase, a process which has usually been described as the
first sign of the resumption of meiosis after the ovulatory LH surge.
The nature ofthe« stimulus » triggering condensation of the GV chromatin 3 days
before LH surge in unknown. However, one of the variable factors at that time was a
rise in intrafollicular 17p-estradiol level between D2 and D3, according to Gerard
et al. (1979). It may be hypothesized that the increase of estradiol in the follicular fluid
is the stimulus triggering condensation (those authors found no significant difference
between treated and control sows as to the concentration of 17p-estradiol in the
follicular fluid).
No definitive conclusion can be drawn concerning the exact nature of the perinucleolar chromatin crown since in this report no ultrastructural or histochemical
studies were done on that material. When observed under the electronic microscope
during GVI stage, the nucleolus had a particular structure which was different from
that usually described in interphase of somatic cells (Sz6ll6si, personal communication), but similar to the structure found in the nucleolus of the oocyte nucleus of prepuberal mice (Chouinard, 1975).
These morphological changes in vivo in the GV well before the LH surge might
explain some of the failures of in vitro oocyte maturation, if this early change is a
necessary and important stage in the nuclear and cytoplasmic maturation ofthe oocyte.
They might also explain why HCG, given 3 to 4 days before natural LH surge, can
induce the ovulation of dictyate oocytes (Hunter et al., 1976).
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Résumé. Une transformation morphologique de la vésicule germinative de l’ovocyte
de truie a été décrite pendant la période de la phase folliculaire qui précède la décharge
ovulante de LH. Le traitement de synchronisation d’estrus par le méthallibure nous a permis de disposer d’un point fixe de référence permettant de dater le début de la phase folliculaire de chaque truie utilisée. Les vésicules germinatives d’ovocytes provenant de follicules préovulatoires de diamètre inférieur à 2 mm (c’est-à-dire pendant les 2 à 3 premiers
jours de la phase folliculaire) présentent une chromatine uniformément répartie, sans
aucune condensation, alors que les vésicules germinatives d’ovocytes provenant de follie et 3
e jour de la phase
cules préovulatoires de diamètre supérieur à 2 mm (à partir du 2
folliculaire jusqu’au jour 5) possèdent une chromatine condensée en forme de couronne
ou de fer à cheval autour du nucléole et en forme d’amas irréguliers situés dans le nucléoplasme, le plus souvent accolés à l’enveloppe nucléaire.
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