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Atresia of large ovarian follicles of the rat
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Abstract: In the rat, at the beginning of pregnancy a cohort of antral follicles develops until the preovulatory stage. However,
these follicles, differentiating in the hyperprolactinemic milieu, produce only small amount of estradiol, do not ovulate and
undergo rapid degeneration. They constitute an interesting physiological model of atresia. In the present study, we analysed
the development and subsequent degeneration of such follicles. The study was performed on Wistar female rats killed in
succession between days 1-9 of pregnancy. Excised ovaries were submitted to a routine histological procedure. Paraffin sections
were subjected to hematoxylin and eosin staining @tu DNA labelling. Histological and TUNEL staining revealed that the
investigated group of follicles grew slower than that on the corresponding days of the estrous cycle and reached a preovulatory
size and morphological appearance on day 5 of pregnancy. They did not ovulate and between days 6 and 9 of pregnancy an
increasing number of apoptotic cells appeared within these follicles. They were localized predominantly in the antral granulosa
layer, especially near the cumulus oophorus complex (COC) and in the region linking the COC with the follicular wall. The
COC and the theca layer were much less affected. In late stages of atresia, also cumulus cells became apoptotic bt degeneratin
oocytes did not exhibit positive TUNEL staining. Only limited number of the theca cells have undergone apoptosis and
generally they were not hypertrophied. Our findings indicate that much smaller than normal amount of intrafollicular estradiol
was sufficient to support a normal, according to the morphological criteria, although slower development of antral follicles to
the late preovulatory stage.
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Introduction lar stages and rates of atresia of various types of follicles.
Itis rather difficult to find a group of follicles undergoing
The vast majority of ovarian follicles is destined to undesynchronous atresia in physiological conditions. Antral
go atresia at various stages of their development. Mafojlicles, degenerating during pregnancy in the rat con-
aspects of this degenerative process, mediated by apsiiute such a cohort. In this species, the recruitment of
tosis, have already been investigated including studiesagroup of small antral follicles to a rapid preovulatory
survival and atretogenic factors as well as apoptotic addvelopment occurs at proestrus and estrus [3, 7]. If the
proliferative changes accompanying atresia [4, 5, 8, l&strous cycle continues, they differentiate and ovulate
17]. In these studies, experimental models of inducedter the next preovulatory gonadotropin surge. How-
atresia have been used, many of which were based ondtier, if pregnancy occurs, this recruited cohort, corre-
deprivation of gonadotropins, regarded as key survivsphonding to the estrous cycle one, also differentiates up
factors for antral follicles. Such experimental model® the preovulatory stage during the first few days of
provided a cohort of antral follicles undergoing atresipgregnancy but the follicles do not ovulate and start to
synchronously, in contrast to ovaries of intact animaldegenerate. Their atresia results presumably from a hos-
including cycling ones, containing atretic follicles atile hormonal environment created above all by high
various stages of growth and degeneration. Howevenncentrations of prolactin, characteristic for pregnancy
studies on the ovaries of cycling animals, especially rats the rat [2, 10, 18]. There are reports on hormonal
[eg. 11, 20] have also been performed in the past, afuhction of these follicles, indicating too small amount
provided detailed histological descriptions of the particwf estradiol produced [24, 27], but their morphological
development and the following atretic changes have not
been investigated. Histological analysis and localiza-
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Materials and methods invaginations of the #tra interna cells (Fig. 1), a
feature typical of the late preovulatory stage [28].

Animals and tissue preparationThe animals were handled accord- ; ; ;
ing to the approved national guidelines for animal care. TheyweA optotic bodies were only sporadically observed at

kept under controlled light conditions (LD 12:12 h, L 08.00 tcf_ e periphery of the antral cavity and/or in the region
20.00 h) and fed an ordinary laboratory diet. Mature femaldnking cumulus oophorus complex (COC) with the

Wistar rats, 2 to 3 months of age, exhibiting a regular 4-dafpllicular wall. However, the oocytes neither resumed

estrous cycle, were used in the present study. The estrous cy¢{@iosis nor ovulated. The expansion of the COC was
was followed by daily vaginal smears. On the day of proestru t observed. either

females were placed with males and the next day, on whi . .
spermatozoa were found in the smears, was designated day 1 o_forl day 6 of pregnancy, atretic Changes appeared in
pregnancy. The rats were killed in groups on the consecutive dayis unovulated group of follicles. Previously observed

of pregnancy (day 1 to 9=3 or 4, anch=1 on day 9). Dissected yndulation and pseudostratification disappeared (Figs 3,

ovaries, destined for histology amdsitu DNA labelling, were fixed ; ; ;
in 10% buffered formalin for 24 h and, after routine histologicaéll)' The granUIosa Iayer was thinner, espeually in the

procedure, embedded in Paraplast (Monoject Scientific Division £910N opposite to the COC. Relatively numerous apop-
Sherwood Medical, St Louis, MO, USA). Sectionsp(f) were totic bodies were often gathered near the periphery of

mc_)unted on s_Iides coated with 3-amino-isopropyl-triethoxysilanghe antrum, particularly in the vicinity of the COC, and
(Sigma Chemical Co. Ltd, Poole, Dorset, UK). were also present in the region of granulosa layer linking
Histology and morphometry. The sections were stained with he-the CcoC Wlt_h the follicular wall (Fig. 4)_' The (.:OCS
matoxylin and eosin (H-E). The aim of the morphometric studies wi@0ked relat'_Vely normal, and even mitotic figures
to establish whether and when the investigated follicles reached wwere sporadically observed in the cumulus granulosa
preovulatory size. In the ovarian sections from days 4 and 5 gg||s (Fig. 3). The theca layer seemed unaffected (Figs

pregnancy, two perpendicular diameters, the longest and the shortgst4) The range and intensity of the described changes
were measured in the investigated follicles in which the nucleus of .”° y

the oocyte was visible. Similar sections containing proestrous fofafied between particular follicles but generally the
licles of cycling rats, used in our previous studies [28], served for tifOCesS of atresia, although not yet advanced, was
assessment of the preovulatory follicular size. clearly visible.

On day 7 of pregnancy, the investigated follicles
Insitu DNA labelling by TUNEL assay.Since histological analysis o ! .
revealed that the investigated follicles did not exhibit any signs yyere smaller in size arlde granulosa layer became thin.

atresia until day 5, fan situ DNA labelling only ovarian sections Iranslucent, most probably lytic cavities, filled with
from days 5-8 of pregnancy, containing investigated follicles witapoptotic bodies started to appear in this layer. In many
cumuli oophorii were chosen. Apoptotic cells were identified witlfo|[icles, pyknotic cells and apoptotic bodies were espe-
the APOPTAC kit (Roche Diagnostics SmbH Roche Appliedially numerous in the granulosa region forming the base
cience, Mannheim). The assay is designated to label the free 3'- . . S L2
DNA termini with fluorescein-labelled nucleotides. In order to ex® the COC’_ and in the follicular fluid in the V'(?m'ty of
pose the 3'-OH ends of DNA, sections were incubated with protdbhe COC (Figs 6, 8). Some oocytes looked still healthy
nase K and then the nucleotides were added enzymatically to gt many showed distorted shapes and in some of them
DNA by terminal deoxynucleotidyl transferase (TdT). Slides werghe process of fragmentation became visible. Also the
analysed with fluorescence microscopy. For negative control, Incly; myjys granulosa cells exhibited degenerative
changes. The theca cells were slightly distorted and apart
from the apical region, more loosely packed. However,
apoptotic bodies were only occasionally visible there

. . . - Fig. 6).

Histologi luation of atr n ( . ,
mosrtohog cal evaluation of atresiaand On days 8 and 9 of pregnancy, the investigated
phometric analysis . . :

_ _ : follicles were increasingly smaller and possessed very
Histological analysis revealed that between days 1thin and often deformed wall. The granulosa layer con-
of pregnancy the mvestlg'ated follicles _Iooked normahined numerous lytic cavities, which were empty or
and did not show any signs of atresia. They grewilled with remnants of aptotic bodies (Figs 12, 13). In
differentiated and reached the preovulatory size ahe COCs, the degenerating or fragmented oocytes were
day 5 of pregnancy, that is one day later than thejurrounded by a small number of pyknotic cumulus
counterparts dur_mg the 4-day estrous cycle. _Mor;ells. In fragmented oocytes a few nucleoli were fre-
phomeric analysis revealed that the average size qfently present (Figs 12, 13). In many regions, espe-
preovulatory follicles was 84gm x 662um in the cially on day 9, the boundary between the granulosa and
pregnant rats and 838n x 710um in the cycling rats. theca cells became indistinguishable and the degener-
On day 5 of pregnancy, the investigated follicles extion of the follicular wall was very advanced. However,
hibited als_o morpho_loglca_l charac_:terlstlcs of preovibnly a single theca cells, or a very small group of them
latory cycling ones, including a thick granulosa layefyere slightly hypertrophied (Figs 10, 12, 13), in contrast
pseudostratified in the region adjacent to the basemedita strong hypertrophy observed in advanced stages of
membrane. In some follicles, this pseudostratifiegtresia in many antral follicles not belonging to the
layer showed a characteristic undulation caused iwestigated group (Fig. 14).

Results



Apoptosis of rat preovulatory follicles 45

e b T

i
% I
& [ - Pt L
s :::é, ] J;:::.f hi:h?‘-
»%

Figs 1, 2.Day 5 of pregnancyig. 1. Cross-section through a healthy preovulatory follicle showing thick granulosa layer, pseudostratified
in the region adjacent to the basement membrane; note invagination of the theca interna (arrow), characteristic forldterpagovu
follicles. T - theca layer. H-Eig. 2. TUNEL staining. The granulosa layer with COC, and the theca layer exhibit almost negative staining

for apoptosis. Nonspecific fluorescence is seen in numerous blood vessels present in the thecaHigge3-8Pay 6 of pregnancyrig.
3. Fragment of a relatively healthy follicle; inset shows mitotic figures in COC (arrowheads)-ig-B. Cross-section through follicle
exhibiting more numerous apoptotic bodies in the granulosa layer, especially near COC (arrow), while theca cells (T)dciakl uHalH.
Fig. 5. TUNEL staining. Fragment of an atretic follicle with particularly numerous fluorescent apoptotic cells in the vicinity Gir@@S)
T - theca layer; AF - preantral atretic follicle. Figs 1 x3:20; inset in Fig. 3x 500.
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Figs 6-9.Day 7 of pregnancyig. 6 shows the same section of investigated follicle as that visible in Fig. 7. After TUNEL assay, the section
was stained with H-E. Many apoptotic cells and bodies are seen at the periphery of the antral cavity and in the reg@dniitigthe
follicular wall (arrows). Arrowheads point to appearing lytic cavitie$20.Fig. 7. TUNEL staining. The pattern of fluorescent cells and
bodies is similar to that revealed by H-E staining in Fig. 6. Positive staining in the theca layer (T) results predorimathidydresence

of blood vesselss 120.Figs 8and9 show higher magnifications of COC regions present, respectively, in Figs 6 and 7. Note that H-E staining
reveals even more apoptotic cells and bodies than TUNEL as589.
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Figs. 10, 11Day 8 of pregnancyig. 10.The same section of investigated follicle as in Fig. 11. After TUNEL assay the section was stained
with H-E. Pyknotic cumulus cells form a thin and incomplete ring around the oocyte, while in the theca layer (T) only bapagimtia

bodies (arrowheads) are visible. Asterisks mark blood vessgf).Fig.11.In TUNEL stained section, a similar pattern of apoptotic cells

as in Fig. 10 is visible apart from the theca layer (T), which also contains fluorescent erythrocytes. Asterisks marlselsab08sFigs

12, 13.Day 9 of pregnancyFig. 12 shows two magnified fragments of the degenerated follicle shown in Fig. 13. Fragmented oocyte
(arrowheads) contains several nucleoli. Arrows point to some of numerous lytic cavities. H-E.F&A,Fig. 13x 120.Fig. 14 .Different

type of late atresia, characteristic for some antral follicles not belonging to the investigated group of follicles. Nptehgperirophied

theca cells (T) contrasting with theca cells visible in Figs 12 and 13xH-FD.



48 Z. Tabarowski et al.

In situ DNA labelling by TUNEL assay response to 20 IU of hCG when injected on day 5 of
On day 5 of pregnancy, the majority of the investigatdd ;o ancY- However, their studies, although very valu-
follicles was almost negative for apoptotic immunoce!e, did notinclude histological analysis of the investi-

L . P ated follicles and they did not demonstrate that the
staining and showed only single cells exhibiting a po ollicles were healthy. It has already been established

tive TUNEL staining (Fig. 2). Only in some follicles Ahat preovulatory follicles showing even advanced at-

few apoptotic cells were visible in the granulosa Iay%tiC changes are able to ovulate in response to hCG

adjacent to the COC. However, on day 6 of Pregnantiy o iment [28]. As suggested by Richards and Kersey

many of the investigated follicles already contalnegl ], the lack of ovulation of the investigated follicles of

numerous apoptotic granulosa cells. They were locat
predominantly in the region adjacent to the COC (Fi egnancy resulted most probably from a very low level

5). On day 7 of pregnancy, the number of TUNELf(;fr;'rSCJJrlggr;gf ggg:ggi:bt&ﬁs'ow to trigger the preovula-

stained cells was much higher than on day 6. NumerousIn the present study, these unovulated, gradually

granulosa cells linking the COC with the follicular wall : . : k ’
and remnants of cells surrounding the antrum, especia egenerating follicles were thoroughly investigated dur

in the vicinity of the COC, were brightly fluorescent,''d ("€ Subsequent days of pregnancy. Atretic changes,

. ) Ithough not yet advanced, were detected on day 6 of
EgLT;?gr:Qu?égg IZ?/%?r(?:tilgg ;eZ‘;‘ labelled COC and t r%gnancy and concerned mainly the granulosa layer.

They included the appearance of apoptotic cells and

On day 8 of pregnancy, the fluorescent structur%I dies i : :
: ies in the antral region, especially near the COC and
were predominantly remnants ofthe COC and granulogg, i, ;46 jinking the COC with the follicular wall, while

layer, while the theca cells showed much less quorq,E-e COC region was only slightly affected. The number

cence (Fig. 11). A positive TUNEL staining has neve({g1 apoptotic granulosa cells increased on day 7. Apop-

been observed in the oocytes. Negative controls, sis detected by DNA fragmentation paralleled mor-

which TdT was omitted, were negative, except for tr]gh . : : L
. ological changes visualised by the H-E staining. As
erythrocytes, which revealed autofiuorescence [30]. demonstrated in the same follicular section (Figs 6-9)

H-E staining revealed even more pyknotic cells and
Discussion apoptotic bodies in the granulosa layer than the TUNEL

staining, since the latter marks only late stages of cellular
In the present study we investigated the effect of tlaoptosis. However, it was mainly due to the positive
hyperprolactinemic microenvironment on the developFUNEL staining that an area, formed by the fluorescent
ment and consecutive atresia of antral follicles in th&poptotic bodies and granulosa cells adjacent to the
ovaries of pregnant rats. The obtained results reveakeatral cavity and linking the COC with the follicular
that the cohort of investigated follicles grew and difwall, was so well visible on day 7. Such an area was
ferentiated slower, reaching the preovulatory size on dawich less distinguishable in the sections stained with
5 of pregnancy, that is one day later than the equivaldftE. The pattern of apoptosis found in the present study
follicles during the 4-day estrous cycle. Sporadic ageems to reflect the existence and differences between
pearance of apoptotic cells and some morphologidlle three various cell populations within the granulosa
features, such as pseudostratification and undulationlayer, with the antral granulosa cells, comprising also the
the granulosa layer, observed on day 5 of pregnancglls located at the base of the COC, programmed to
suggested that the follicles were healthy and reachedradergo apoptosis as the first ones, before the mural and
late preovulatory stage characteristic of cycling rats aumulus granulosa cells.
proestrus [28]. Apoptosisin the rat preovulatory follicles has already

It is well established that prolactin inhibits follicularbeen investigated by several authors. In the experimental

estradiol productiondg. 12, 13, 31, 32]. Indeed, asmodels used, follicular atresia was induced by blocking
previously stated, the investigated follicles containetie preovulatory luteinizing hormone surge [8, 19] or by
much less estradiol than their cyclic counterparts [2Bjection of immature rats with eCG without subsequent
27]. In the rodents, estrogens are essential for follicuteatment with hCG [21, 34]. However, in the majority
growth and differentiation. They are also known tof the mentioned studies the authors focused mainly on
prevent apoptosis of rat preantral and early antral fdhe time of the onset and course of atretic changes,
licles [1]. The present findings indicate that much lowgraying less attention to the thorough analysis of apop-
than physiological amount of follicular estradiol wagosis in the particular follicular compartments. More
sufficient to support the development of antral follicledetailed analysis was provided by studies of Durlinger
to the late preovulatory stage, and this developmeetal . [8] in which the authors followed histological and
although lasting longer, was morphologically similar tdNA apoptotic changes in the preovulatory rat follicles,
that occurring during the estrous cycle [28]. As provealvulation of which was blocked by administration of an
by Richards and Kersey [24], 100% of rats ovulated IBnRH-antagonist. They described atretic changes of the



Apoptosis of rat preovulatory follicles 49

granulosa layer, which resembled those found in tipdysiological amount of estradiol. The obtained results
present study, and stated that the cumulus cells were ithdicate that such small amount of intrafollicular estradi-
last to become pyknotic. However, together with thel is sufficient to support a normal, according to mor-
other authors, they did not mention the presence pifiological criteria, though slower, development of
characteristic numerous apoptotic cells near the COGstral follicles up to the late preovulatory stage. A sub-
Itis difficult to conclude whether the pattern of apoptosisequent atresia is characterised by apoptosis of the gra-
found in the present study is exceptional for the preovaoulosa cells, being the most pronounced in the vicinity
latory follicles degenerating in the hyperprolactinemiof the COC, and by the lack of hypertrophy of the theca
conditions or is it a more general feature. layer.

In the majority of studies devoted to the follicular
atresia, the emphasis was put on the apoptosis of fisnowledgementsThe authors are most grateful to Dr. Andrzej

i ; i iRierzcinski for his help in preparing micrographs. This study was
granulosa layer and the oocyte, while relatively little § ported by the National Committee for Scientific Research (KBN)
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known about apoptosis of the theca cells. However, thel& syiicited Project PBZ-KEN-084/P06/2002, from 2002 tb 2005.
are reports confirming that apoptotic cell death occurs
also, although to much less extent, in the theca ceIIngff
pig [22] rabbit [16] guinea-pig [15] and rat [21] follicles. ~ETEr€NCES
The results of the present study are in agreement witf Bilig H, Furuta U, Hsueh JW (1993) Estrogens inhibit and
those data, as the investigated cohort of follicles under- androgens enhance ovarian granulosa cell apoptosis. Endocri-
going atresia showed only a small number of apoptotic] EOItO%y 13R3I1_22FO4-22,\113V Collins WE (1672) Semicircaci

H H H H utcher , Fugo , collins emicircadian
cells m.the theca layer in late Stages. of atresia. Itis w rhythm in plasma levels of prolactin during gestation in the rat.
recognised that the theca cells which undergo hyper- gngocrinology 90: 1125-1127
trophy are predestined to survive and to transform intgg]van Cappellen WA, Osman P, Meijs-Roelofs HMA (1993)
the secondary interstitial cells but the fate of the theca Model of antral follicle dynamics during 5-day cycle in rats

cells which neither become hypertrophied nor undergo ggsg(; %g measurement of antral follicle inflow. J Reprod Fertil
apoptosis is unknown. Most likely they are also incor,; chun sy, Billig A, Tilly JL, Furuta 1, Tsafriri A, Hsueh AJW

porated into the interstitium. Interestingly, a marked " (1994) Gonadotropin suppression of apoptosis in cultured pre-
increase in apoptosis, and caspase-3 and -7 activity in ovulatory follicles: mediatory role of endogenous insulin-like
the theca interstitial cells was observed in the studies of growth factor I. Endocrinology 135: 1845-1853

Yacobiet al. [34], in which the rat preovulatory follicles [°] Shun SY, Hsueh AJW (1998) Paracrine mechanisms of ovarian
. ! . follicle apoptosis. J Reprod Immunol 39: 63-75
of eCG prlmed immature rats were cultured in the mere] Devine PJ, Payne CM, McCuskey MK, Hoyer PB (2000) Ultra-

dium containing either LH or FSH. One of the possible "~ structural evaiuation of oocytes during atresia in rat ovarian
explanations proposed by the authors was the facilitation follicles. Biol Reprod 63: 1245-1252

of stigma formation and the subsequent rupture of th&] Driancourt MA, Gougeon A, Royere D, Thibault Ch (1993)
follicle. Ovarian function. In: Reproduction in mammals and men. Thi-

. . . . . . bault Ch , Levasseur M, Hunter RHF [Eds], Elipses, Paris, pp
As discussed in detail by Devietal. [6], it remains 281-305

still controversial whether the oocyte undergoes apogs] Durlinger ALL, Kramer P, Karels B, Grootegoed JA, Uilen-
tosis. The authors conclude that oocyte death does not broek J Th J, Themmen APN (2000) Apoptotic and proliferative

; ; ; ; _ changes during induced atresia of pre-ovulatory follicles in the
involve classically described apoptosis. However, Fu rat. Hum Reprod 15: 2504-2511

jino et al. [9] and Pereet al. [23] observed a positive (9] Fyjino Y, Ozaki K, Yamamatsu S, Ito F, Matsuoka |, Hayashi
TUNEL reaction in all ovulated mouse oocytes exhibit- ~ E, Nakamura H, Ogita S, Sato E, Inoue M (1996) DNA frag-
ing fragmentation and they regarded the process of m_enta_ltion of oocytes in aged mice. Hum Reprod 11: 1480-1483
fragmentation as a result of apoptosis. Fluoresce[ﬁ?] Gibori G (1993) The corpus luteum of pregnancy. In: The ovary.

oocytes have not been observed in our present and égfjsghl'?EY' Lueng PCK [Eds], Raven Press, New York, pp

previous studies concerning postovulatory degeneratigf] Hirshfield AN (1988) Size-frequency analysis of atresia in
of unfertilized rat oocytes (unpublished data). Our find- cycling rats. Biol Reprod 38: 1181-1188
ings are more in agreement with those of Van Blerkof#] Jonlasien JA, Balijer SP,chNIeti"); ASt (19d91) Longt-_terrln P):jper-

H rolactinaemia reduces pasal but not androgen-stimulatea oes-
and Davis [‘33]’ who Only. rarely observed TUNEL flu- ?radiol production in small antral follicles o?the rat ovary. J
orescence in ovulated (including fragmented) mouse gnqocrinol 129: 357-362
oocytes. Nucleolar segmentation, accompanying 00Cyig] Kalison B, Warshaw ML, Gibori G (1985) Contrasting effects
fragmentation, shown in our present and previous of prolactin on luteal and follicular steroidogenesis. J Endocri-

i i _ hol 104: 241-250
studies [29], was also observed by Shinohara and Mﬁt4] Kapaja A, Hsueh AJW (1997) Regulation of ovarian follicle

suda [25]. . . . atresia. Annu Rev Physiol 59: 349-363

In conclusion, the present study provides new infofts] | ogothetopolous J, Dorrington JH, Baily D, Stratis M (1995)
mation on the development and subsequent apoptosis of Dynamics of follicular growth and atresia of large follicles
antral follicles, growing in the hyperprolactinemic during the ovarian cycle of the guinea-pig. Fate of degenerating

microenvironment and synthesising much lower than follicles: a quantitative study. Anat Rec 243: 37-48



50 Z. Tabarowski et al.

[16] Maillet G, Benhaim A, Mittre H, Feral C (2003) Involvement[26] Szoltys M (1981) Oestrogens and progestagens in rat ovarian
of theca cells and steroids in the regulation of granulosa cell follicles during the oestrous cycle. J Reprod Fertil 63: 221-224
apoptosis in rabbit preovulatory follicles. Reproduction 12527] Szoltys M (1988) Steroid concentrations in ovarian follicles
709-716 during pregnancy in the rat. Exp Clin Endocrinol 91: 238-240

[17] Markstrom E, Svensson E Ch, Shao R, Svanberg B, Billig [28] Szoltys M, Galas J, Jablonka A, Tabarowski Z (1994) Some
(2002) Survival factors regulating ovarian apoptosis-depend- morphological and hormonal aspects of ovulation and supero-
ence on follicle differentiation. Reproduction 123: 23-30 vulation in the rat. J Endocrinol 141: 91-100

[18] Morishige WK, Pepe GJ, Rothchild | (1973) Serum luteinizing29] Szotys M, Stomczyska M, Tabarowski Z (2003) Immunohis-
hormone, prolactin and progesterone levels during pregnancy tochemical localization of androgen receptor in rat oocyte. Folia
in the rat. Endocrinology 92: 1527-1530 Histochem Cytobiol 41: 59-64

[19] Nahum R, Beyth Y, Chun SY, Hsueh AJW, Tsafriri A (1996)30] Szoltys M, Tabarowski Z, Pawlik A (2000) Apoptosis of pos-
Early onset of deoxyribonucleic acid fragmentation during at- tovulatory cumulus granulosa cells of the rat. Anat Embryol
resia of preovulatory follicles in rats. Biol Reprod 55: 1075-  202: 523-529
1080 [31] Tsai-Morris CH, Ghosh M, Hirshfield AN, Wise PM, Brodie

[20] Osman P (1985) Rate and course of atresia during follicular AM (1983) Inhibition of ovarian aromatase by proladtimivo.
developmentin the adult cyclic rats. J Reprod Fertil 73: 261-270 Biol Reprod 29: 342-346

[21] Palumbo A, Yeh J (1994 situ localization in the rat ovary [32] Uilenbroek JThJ, van der Linden R (1984) Effect of prolactin

during follicular atresia. Biol Reprod 51: 888-895 on follicular oestradiol production. J Endocrinol 102: 245-250
[22] Pastor LM, Pallares J, Roca J, Lucas X, Martinez EA, Vazqu&3] Van Blerkom J, Davis PW1998) DNA strandbreaks and

JM (2001) Histological characterization énditu localization phosphatidylserine redistribution in newly ovulated and cul-

of apoptosis in the pig follicular atresia. Ital J Anat Embryol 106,  tured mouse and human oocytes: occurence and relationship to

Suppl 2: 257-262 apoptosis. Hum Reprod 13: 1317-1324

[23] Perez GI, Tao XJ, Tilly JL (1999) Fragmentation and deat34] Yacobi K, Wéjtowicz A, Tsafriri A, Gross A (2004) Gonado-
(a.k.a. apoptosis) of ovulated oocytes. Mol Hum Reprod 5: tropins enhance caspase-3 and 7- activity and apoptosis in the
414-420 theca-interstitial cells of rat preovulatory follicles in culture.

[24] Richards J, Kersey KA (1979) Changes in theca and granulosa Endocrinology 145: 1943-1951
cell function in antral follicles developing during pregnancy in
the rat: gonadotropin receptors, cyclic AMP and estradipl-17
Biol Reprod 21: 1185-1201

[25] Shinohara H, Matsuda T (1982) On fragmentation and elimina-
tion of ovarian oocytes. Experientia 38: 274-275

Received September 7, 2004
Accepted after revison October 8, 2004



