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Abstract  The microstructure and ultrastructure of the atretic follicle and copora atretica in the ovary of Chinese giant
sdamander Andrias davidianus were observed with light and eectron microscopy. The results showed that corpora atreti-
ca arise from follicular cells and thecd cdls do not invade the oog/tes. During the dow growth stage of the ovum , few a
tretic follides can befound. In May and June, when most oocytesin the ovary have entered into the previtelogenic stage,
atretic follicles were observed , but the steroidogenic features of these cels were not striking. In July and August , when
most oocytes were in vitelogenic sage, there were some mitochondria with tubular cristae, plenty of smooth endoplasmic
reticulum and lipid droplets, and a well-developed Golgi complex in the corpora atretic cells. These cytologicd features dis
played that the corpora atretica may secrete steroid hormones and regulate normal ovum maturation. Wepropose that these
structures be termed as preovulatory corpora luteain this gecies [ Acta Zoologica Sinica 50 (4) : 615- 621, 2004].
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Structura variation and histochemistry of atretic
follicles before ovulation in fish and amphibians have
been reported ( Guraya, 1969; Joly and Picherd ,
1972; Chigffi et d. , 1992; Wang, 1992) . The mi-
crogtructure and histochemistry of atretic follicles &-
ter ovulation al have been described in Rana
cyanophlyctis ( Pancharatna and Saidapur, 1983).
Yang et a. (1981) observed the structure of atretic
folliclesin the Chinese giant sdlamander Andrias da-
vidianus ugng light microscopy , and described them
as degraded ova. The atretic follicle of yellow perch
Perca fluviatilis was conddered not to form a corpus
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luteum with endocrine function, but merely repre-
sented a degenerative structure by histochemicd ,
light and eectron microsoopic methods (Lang,
1981) . However , Chieffi et d. (1992) suggested cor-
pora atretica in the electric ray Torpedo marmorata
perform an endocrine steroidogenic role as evidenced
by electron microscopy. In the hamster , immunore
activity for aromatase was locdized in the granulosa
cellsof healthy developing follicles and Gragfian folli-
cles, aswdl asin newly formed granulosa lutein cdls
(‘Yoshinaga and Osawa, 1994) . It was apparent from
the above review that thisis a subject of much inter-
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est and controversy. In investigating normal oocyte
development of the Chinese giant sdlamander and the
stream salamander Batrachuperus pinchonii (Zhang
et al. , 1999 ; Zhang and Jia, 2002) , we have sen a
tretic follicles and corpora atretica in the ovary , 0 it
isimportant to clarify both structural and functional
agoectsof atretic follicles to revea their steroidogenic
potential in sadlamanders during the reproductive cy-
cle. In the present paper , microstructura and ultra
structura observations on the atretic follicle in Chi-
nese giant sdlamander during the reproductive cycleis
investigated.

1 Materias and methods

1.1 Animals

Adult femae Chinee giant sdamanders were
oollected between 1994 and 1999 (March 2, May 2,
June 1,July 1, August 2) from streamson the outh
dope of Qinling Mountain, China (109°32 E, 31°53
N) , at an dtitude between 1 400 to 1 600 m above
sea level. Body weight of captured animals ranged
from 1 100 to 1 300 g.
1.2 Light microscopy

The animals were anaesthetized with ether and
the ovaries were removed. Ovaries were cut into
pieces and fixed in Bouin s lution, embed in paraf-
fin and sections of 8 - 10U m were obtained by an
AO-820H rotary microtome and stained with hema
toxylin and eosn. The sections were examined and
photographed by an Olympus BH-2 light microscope.
1.3 Hectron microscopy

Oocytesfrom 0. 35 to 4 - 5 mm in diameter were
removed from the ovary and fixed in 2.5% glu
taraldehyde and 0. 05 mol phophate buffer (pH 7. 2)
for 2- 3 h. In some cases, the oocytes were bisected
or punctured to achieve optimum fixation. Then
oocytes were fixed in 1 % lution of osmium tetrox-
ide (pH 7.2). After graded ethanolic dehydration
and passage through propylene oxide, the gpecimens
were embedded in Epon812. Thin sections obtained
by L K13 ultramicrotome were doubly stained with
aqueous uranyl acetate and lead citrate; then they
were examined and photographed by a Hitachi-600
eectron microscope.

2 Results

2.1 Microstructure observation

Theovary in Chinese giant sdlamander was a sac
like, asobserved inother amphibians. In March , few
atretic follicles were present. Meanwhile, most ovain
this period were surrounded by one layer of follicular
cellsand, were gill in the dow growth stage. In May
and June, most ova were in the previteligenous or
marked growth stag. The biggest ovum was about 3
- 4 mm in diameter. Follicular cells around each

oocyte formed two layers. Few atretic follicles could
be seen. In atretic follicles, the oocyte s nucleus dis
gppears and the cytoplasm was dightly basophilic
while the follicular cells around oocytes proliferated.
Some follicular cdlls engulfed the cytoplasm of oocytes
(Pate : 1). A mass of follicular cells ometimes
ocould be observed. In thes cdls, the boundary was
obscure and the nucleus was 15 - 20U m in diameter.
The massof follicular cell became the primary corpora
atretica at the preovulatory stage. Theca cells were
not involved in the cdl mass that conssted only of
follicular cells. Cgpillaries were seen in the periphery
of the cdl mass (Pate : 2).

InJuly and August , most ova were in the vite-
logenic stage or fast growth stage. The largest ova
surrounded by only one layer of follicular cdls, and
had reached 6 mm in diameter. More atretic follicles
could be senin theovary inJuly and August. Atreda
was observed in medium follicles where the follicular
cels and endothdium of capillaries intruded into
oocytes, and the follicular cels engulfed the cyto-
plasm and yolk platelets. Meanwhile, the follicular
cells became columnar in shgpe (Plate  : 3). At the
same time, many more atretic follicles at different de-
velopmenta stages were observed. The atretic follicu-
lar cell mass contained many cepillaries. The atretic
follicular cells were large and irregular in shape, their
nuclei were 15 - 20U m in diameter , and the bound-
aries of the cells could not be discerned. Follicular
cells have completed corpora atretica formation before
ovulation (Pate : 4).

2.2 Ultragructure observation

2.2.1 Norma gructure of the follicular wal In
the ovary of the Chinese giant sdlamander , the nor-
mal developing follicular wal was composed of a
viteline envelope, 1 - 2 layersof follicular cdls, cap-
illaries, thecd cels and epitheium. The prominent
cytoplasm stretched out from the basc surface of the
follicular cellsand intruded through the viteline enve-
lope to contact with the microvilli of the oocyte. The
length and dendty of microvilli were variable during
different developmenta stagesof oocytes. The oocyte
has less microvilli in the previtellogenic stage but
longer thick microvilli were very numerous in the
vitellogenic stage (Plate  : 5, 6) . Microvilli became
short and rare as the time for ovulation goproached.
In the cortex of ooplasm, just near the base of mi-
crovillus, there were some endocytic vescles, by
which the developing oocytes could get nutritious mar
teridsfrom the vitelline envelope. The nucleusof fol-
licular cell was dliptical in shgpe, with an irregular
and wavy edge. The digtinction of organelles in the
cytoplasm of follicular cells was congicuous at differ-
ent developmental stages. In the previtellogenic stage
of oocytes, few organelles could be seen in the cyto-
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plasm of follicular cell (Plate : 5). At the vitd-
logenic stage, the cytoplasm of follicular cedls in-
creaed. The theca cells and capillaries changed less
in thefollicular wal during the different developmen-
tal stages.
2.2.2 Follicular cél in the course of atresa Dur-
ingfollicular atreda, the most striking feature showed
that the elipse-like nucleus changes into an irregular
shape with many fold-like bulges emerging dong the
nuclear border of the follicular cels(Pate : 7;
Plate : 9). When previtelogenic oocytes undergo
atreda, their cytoplasm is engulfed as pinocytotic
vedclesin the cytoplasm short and rare protuberances
seen at the basal surface of the follicular cdls(Plate
: 8). When atreda occured at the vitellogenic
stage , thefollicular cellsencircled the microvilli of the
oocyte and devoured them mainly by stretchingitscy-
toplasmic protuberances forming multivescular bodies
within thefollicular cdls(Plate : 9, 10). The yolk
platelets, mitochondria, lipid droplets and other or-
ganelles of the ooplasm were a consumed by the
follicular cdls. Thus, thefollicular cells gradudly en-
larged and corpora atretica develops.
2.2.3 Cdls of corpora atretica The cells of the
corpora atretica of the Chinese giant sdlamander are
derived from follicular cells and not from thecd cells.
In May and June, there was little cytoplasm and few
organeles in the cells of the corpora atretica, and
there were no striking cytologica features to suggest
an endocrine function for these cells(Plate : 7).
However , all featuresof the corpora atretica were dif-
ferent from those of norma follicular cells. In Au
gug , most of the norma oocytes were at the vitd-
logenic stage , and the endocrine featuresof corpora a
tretica cell were as follows: (1) most mitochondria
with tubular crista were in a circular or dliptical
shape(Plate : 11) ; (2) wel-developed Golgi comr
plex(Plate  :12) ; (3) smooth endoplasmic reticu
lum increased in mushrooms shape , and some of them
surround the mitochondria(Plate : 13) ; (4) Sme
of globular or dliptical lipid droplets appeared , which
oontain high electron-dense substances(Plate  : 13,
14) ; (5) numerous cytoplasmic glycogen granules ar-
ranged in a rose’like pattern(Plate  :13,14) .

3 Discusson

3.1 Origin of corpora atretica

The origin of corpora atretica has been the sub-
ject of great interest and controversy. The corpora a
tretica formed from atretic follicles before ovulation
might be called preovulatory corpora lutea. Blanchette
(1966) hasobserved that the preovulatory lutea cells
are derived from the granulosa cdlls (follicular céll) in
the rabbit. Corpora atretica cells were reported to
arise from atretic follicles during the fina disntegrar

tion of the follides in birds by Guraya (1976) ,
whereas Marshall and Coombs (1957) thought that
they arose from the fibroblast cells of the theca.
However , no evidence of corpora atretica formation
from atretic follicles was found in white gparrow
(Gupta and Maiti , 1986) .

The ovary of fishes is saclike as found in anr
phibians, and the corpora atretica cdls in fishes are
derived from follicular cells(Wang,1992; Chieffi et
a. , 1992) . Smilar to the present observation, in the
ovary of the Chinese giant sdlamander and other anr
phibians, the corpora atretica al arise from follicular
cels, while the theca cells are not involved the for-
mation of corpora atretica. It has been reported that
thecal cells are involved in the formation of the inter-
gitial glands in amphibian (Saidapur , 1978) , there-
fore we suggest that corpora atretica be called preovu
latory corpora lutea and they are derived from the fol-
licular cdlsin the saclike ovaries of anamniotes.

3.2 Endocrine function of preovulatory corpora
lutea

Chieffi et a. (1992) reported the ultrastructure
of atretic follicle in the eectric ray T. marmorata
and divided the process of follicular atreda into four
stages. The first two comprise the disolution of the
oocyte and its phagocytods by the smaler cdlsof the
granular epithdium. The third stage conssted of the
trandormation of the granular epitheium into an ac
tive glandular structure and was accompanied by the
development of a smooth endoplasmic reticulum. The
fourth stage was marked by scleross and pigmentary
degeneration of the atretic follicle. Taken together ,
these observations suggested endocrine steroidogenic
role of the corpora atretica in the eectric ray. The
processof follicular atreda in the Chinese giant sda
mander was dmilar to these of corpora atreticaforma
tion described in the electric ray by Chieffi et al.
(1992) . Furthermore, Gupta and Maiti (1986) re-
ported that in the Indian pied myna, atretic follicles
showed weak PB-hydroxyseroid dehydrogenase (-
HSD) activity , a key enzyme involved with steroido-
genessin early stages. Yoshinaga and Osawa (1994)
alo found that immunoreactivity for aromatase was
localized in newly formed granulosa lutein cellsin the
hamster. It could be concluded that the atretic folli-
cles can secrete steroid hormonesin the early stage of
atresa and the steroidogenic potential of atretic folli-
clesis gradudly logt as the atretic process runs its
course. Furthermore, trandent steroidogenic potenr
tiality of the atretic follicles at any time is possble.
Acoording to the present observations, there are ssme
mitochondria with tubular cristae, plenty of smooth
endoplasmic reticulum and lipid droplets, and a well-
developed Golgi complex in the corpora atretic cells of
the Chinese giant sdlamander , whose character of s
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creting steroid hormone was dmilar to that of atretic
folliclesin the dectric ray (Chieffi et d. , 1992) and
in Salamandra salamandra (Joly and Picherd ,
1972) . In view of the known relationships of struc-
ture adapted to endocrine function ( Kown et d. ,
1991, 1994) , when the ovum of the Chinese giant
sdlamander was at the vitellogenic stage, the prevula
tory corpora lutea may secrete steroid hormones.

The present findings showed that few atretic fol-
licles eppeared during the dow growth stage of the
ovaintheovary. In May and June, when the oocytes
were at the previtellogenic stage, ome follicles began
to form preovulatory corpora lutea, which initialy did
not exhibit endocrine function. In July and August ,
when the oocytes were at the vitellogenic stage, more
preovulatory corpora lutea gppeared and these cdls
bear the striking features of secreting steroid hor-
mone. Although thefollicular cells have the endocrine
structura characterigtics at this stage, they were ar-
rayed in one layer. Enhancing the endocrine function
of preovulatory corporalutea cells ssemed to make up
for the quantity of follicle cells (Dumont and Brunr
mett , 1978) .

Yang et d. (1981) d o have observed the struc
ture of atreticfolliclesin the Chinese giant salamander
usng the light microscope, and described it as degra
dation of the ovum. In the present study , it could be
observed by electron microscope that the striking pro-
liferation of follicular cells and then engulfing of
oocytes were smilar to that of Yang et a. (1981).
For yet unknown reaons, the mgority of follicles
will die through the process of follicular atreda.
Apoptodsin steroidogenic cells such as the granulosa
cells has a unique feature: steroidogeness cell can
take place in the gpoptotic cells aslong as the compo-
nent of the steroidogenetic machinery are not de
sroyed (Amsterdam et a. , 1998) . It appears that
the follicular atreda is not just a degenerative or
pathological phenomena occuring during the develop-
menta of oocytes, but these preovulatory corpora
lutea may secrete steroid hormones to maintain nor-
mal levels required for norma oocyte maturation.
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Explanation of Plates

MPate

1. In May, the atretic follicle (fa) appearingin the ovary, the norma follides (nf) are at previtdlogenic sage x 132.

2. The corpora atretica (ac) isfound in the ovary in May. (ca) capillary x 198.

3. In Aug. the atretic follide (fa) isfound in the ovary and the norma follides (nf) are at vitelogenic stage x 132.

4. The corpora atretica (ac) isfound in the ovary of Aug. (nf) normd follides, (ca) capillary x 132.

5. In May, the ultragtructure of norma developmenta follide (no) wal showing less cytoplasm of follicular cel (fc) and oocyte microvilli (vi) are
short at the previtdlogenic stage of cocyte. (N) follicular cdl nucleus x5 000.

6. In Aug. more cytoplasm of follide cell and longer oocyte microvilli (vi) appearing in norma developmentd follicle (no) wal at the vitelogenetic
stage of oocyte %8 000.

7. Showing less cytoplasmaof corpora atreticacell in May. (N) nucleus x5 000.

8. In May, thefollicular cdl (fc) engulfing the cocyte (oc) forms pinocytotic vescles (pt) during the follicle atretic process x 20 000.

Pate

9. In Aug, the multivescular body (mvb) appearing in the follicular cell cytoplasm. (N) nucleus x 20 000.

10. Thefoallicular cdl prominence (pr) engulfsoocyte microvilli (vi) forming multivescular body (mvb) during follicular atresain Aug x 20 000.

11. The mitochondria (mi) with tubular cristae and the lipid droplet (li) are striking in the corpora atretica cell % 30 000.

12. The well-developed Golgi complex (go) appearing in the corpora atreticacell. (va) vacuwoles, (ve) vedde x 15 000.

13. Thelipid droplet (li) and mitochondria (mi) are surrounded by well-developed smooth endoplasmic reticulum (ser) in corpora atretica cytoplasm.
(g) dyocogen granules x 15 000.

14. In corpora atretica cdl , the cytoplasm showing the abundant lipid droplet (li) , glycogen granules (g) and mitochondria (mi) x 10 000.
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