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RESUMO

Atresia Folicular em Curimati-pioa Prochilodus affinis Reinhardt, 1874
(Pisces, Characiformes)

Os eventos morfolégicos da atresia folicular foram descritos em foliculos pré-vitelogénicos e
vitelogénicos de Prochilodus affinis criados em cativeiro na Estagéo de Hidrobiologia e Pis-
cicultura de Trés Marias, Minas Gerais, Brasil. Fémeas ndo desovadas de curimatd-pioa apre-
sentaram ovdrios atrésicos durante 5 meses, de mar¢o a julho/1986/87. O processo de
regressio ovariana foi caracterizado em fase inicial, avangada e final. Atresia folicular foi ob-
servada principalmente os ovécitos vitelogénicos. Foliculos pré-vitelogénicos em degene-
racio foram observados em algumas fémeas capturadas em julho, apés reabsor¢ao da maior
parte dos foliculos vitelogénicos. Este longo periodo de regressdo pode afetar a reproducdo ar-
tificial da espécie, uma vez que processos degenerativos nos ovarios reduzem a taxa de fertili-
zacio.

Palavras-chave: Prochilodus affinis, curimati-pioa, teledsteo, atresia folicular, cativeiro.

. ABSTRACT

The morphological events of follicular atresia were described in the previtellogenic and vitel-
logenic atretic follicles of Prochilodus affinis raised in captivity at the Trés Marias Fishery
Station, Minas Gerais, Brazil. Unspawned females of curimati-pioa showed atretic ovaries
during 5 months, from March to July/1986/87. The process of ovarian regression was charac-
terized in initial, advanced and late phases. Follicular atresia was observed mainly in vitello-
genic oocytes. Previtellogenic follicles in degeneration were observed in some females
captured in July, after reabsorption of most vitellogenic follicles. This long regression period
can affect the artificial reproduction of the species since degenerative process in ovaries re-
duce the rate of fertilization.

Key words: Prochilodus affinis, curimaté-pioa, teleost, follicular atresia, captivity.
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sorption of the oocyte (Saidapur, 1978). In
teleosts, it is common during prespawning,
spawning and postspawning (Guraya, 1986). Sev-
eral factors such as stress, starvation, biocides
agents, light, temperature, inadequate hormonal
levels and/or blood supply induce atresia (Naga-
hama, 1983; Guraya, 1986). Fishes kept in captiv-
ity show more atretic follicles in their ovaries than
those obtained from a natural environment (Gu-
raya et al., 1975). The morphological aspects of
follicular atresia were described in some teleost
species (Rai, 1966; Rastogi, 1969; Srivastava,
1969; Babu and Nair, 1983). Studies with Brazil-
ian native species kept in confinement are scarce
(Romagosa et al., 1982, 1988; Lima et al., 1991).
Prochilodus affinis is a major species cap-
tured by professional fishers in Sdo Francisco
river basin. It is a “piracema” (reophilic) fish
(Britski er al., 1988), that has free eggs and total
spawning (Sato and Godinho, 1987). It is induced
to reproduce at the Trés Marias Fishery Station
(Sato and Cardoso, 1988) from December to Feb-
ruary in order to produce alevins for repopulation
of the Trés Marias reservoir. Recently, Rizzo and
Bazzoli (1993) described the oocyte development,
the postovulatory follicles, the micropylar appara-
tus and the oocyte surface of P affinis raised in
captivity and induced to spawn. The present paper
describes the reabsorption of the previtellogenic
and vitellogenic atretic follicles of unspawned P
affinis. The knowledge of the morphological
events of the follicular atresia can be useful for
improve fish artificial propagation methods.

MATERIAL AND METHODS

Females of curimati-pioa Prochilodus af-
finis in advanced maturation (15-38 cm standard

length and 2-3 years old), born from artificial
propagation at the Trés Marias Fishery Station in
the Sdo Francisco river, Minas Gerais, Brazil,
were selectioned and kept in tanks of the station.
Ovary fragments from 40 unspawned females
were collected monthly in 1986/87. The speci-
mens were fixed in Bouin’s fluid, embedded in
paraplast or glycol metacrylate plastic (JB-4,
Polysciences), sectioned at 3 to 6 um thickness
and stained with haematoxylin/eosin, Gomori’s
trichrome, toluidine blue-sodium borate, periodic
acid-Schiff (PAS)/haematoxylin and Dominici
stain.

RESULTS AND DISCUSSION

Females of P affinis kept in confinement
were prepared to reproduction from December to
February. However, they are not induced to repro-
duction, thus showing atretic ovaries during the
period from March to July. The process of ovarian
regression last 5 months in the P affinus, 5-6
months in the Piaractus mesopotanicus (Ro-
magosa et al., 1988; Lima et al., 1991) and 2
months in the Prochilodus scrofa (Romagosa et
al., 1982), indicating that the period of follicular
atresia can to be variable among species. Long re-
gression period can affect the artificial reproduc-
tion procedures since degenerative processes in
the ovaries reduce the rate of fertilization. On the
other hand, ovaries of starved Northern anchovies
kept in laboratory regressed rapidly and no yolk
remained in the ovaries at 23 days after onset of
starvation (Hunter and Macewicz, 1985) suggest-
ing that the period of ovarian regression can to be
reduced.

In the present study, the process of follicular
atresia was subdivided into 5 stages in order to in-

Figs. 1-9 — Morphological events of the reabsorption of previtellogenic atretic follicles of P. affinis. Specimens embedded in glycol
methacrylate plastic. Fig. 1 — Stage 1: vacuolated areas (*) close the nuclear envelope, shrinkage of the ooplasm leading to
separation of the zona pellucida. Dominici stain ~ x 180. Fig. 2 — Stage 2: fractured zona pellucida (arrow), flocculent ooplasm
(OP), scattered nuclear material (N). Dominici stain — x 150. Fig. 3 — Detail of Stage 2: ooplasmic material outside the zona
pellucida (arrow), hypertrophied follicular epithelium (FE). Dominici stain — x 930. Fig. 4 — Stage 3: highly columnar follicular
epithelium (FE), folded zona pellucida (arrow), vacuolated ooplasm (OP). Toluidine blue-sodium borate — x 180. Fig. 5 — Detail of
Stage 3: highly columnar follicular epithelium (FE) with basophilic granules inside of phagocytic aspect, theca richly vascularized
(V). Toluidine blue-sodium borate — x 1200. Fig. 6 — Stage 4: remains of the zona pellucida (arrow) and invading cells into
ooplasm, vacuolated areas close the follicular epithelium (FE) and the invading cells. Periodic acid-Schiff (PAS) and haematoxilin —
% 180. Fig. 7 — Stage 4: oocyte material almost completely reabsorbed, degeneration of the folicular epithelium (FE) and the
invading cells (arrowhead). Toluidine blue-sodium borate — x 440. Fig. 8 — Stage 5: atretic follicle compaction and increase of
cellular degeneration (arrowhead). Toluidine blue-sodium borate — x 450. Fig. 9 — Stage 5: group of pigment cells at the end of
follicular atresia persisting in the ovarian stroma. Periodic acid-Schiff (PAS)/haematoxilin — x 410,
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Figs. 10-16 — Morphological events of the reabsorption of vitellogenic atretic folhicles of P. affinis. Specimens
embedded in glycol metacrylate plastic (Figs. 10, 11, 12 and 16) and paraplast (Figs. 13, 14 and 15). Fig. 10 —
Stage 1: nuclear material (N) scattered in the peripheral ooplasm, shrinkage of the ooplasm. Toluidine
blue-sodium borate — x 90. Fig. 11 — Stage 2: slits in the zona pellucida (arrow), cuboidal follicular cells, yolk
globules melting into ooplasm (OP). Toluidine blue-sodium borate - x 390. Fig. 12 — Stage 2: exit of
ooplasmic material through the slits of the zona pellucida (arrow), vacuolated areas (*) close the folicular
epithelium. Periodic acid-Schiff (PAS) and haematoxilin — x 250. Fig. 13 — Stage 3: desintegration and
reabsorption of the zona pellucida (arrow). Haematoxilin/eosin — x 360. Fig. 14 — Stage 3: yolk reabsorption
(arrowhead) by the follicular cells. Haematoxilin/eosin — x 980. Fig. 15 — Stage 4: oocyte cavity invaded by
follicular cells which acquired a cord-like aspect. Haematoxilin-eosin — x 380. Fig. 16 — Stage 5:
regression-resistant zona pellucida (arrow) persisting in the ovary associated with connective cells of the
ovarian stroma. Dominici stain — x 140.
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dicate the morphological events of the oocyte re-
absorption in both previtellogenic (Figs. 1 to 9)
and vitellogenic (Figs. 10 to 16) atretic follicles.
The morphological characteristics of each stage
were indicated in the Table I.

Follicular atresia in captive P. affinis was ob-
served mainly in vitellogenic oocytes in accord-
ance with other studies (Rastogi, 1969; Guraya et
al., 1975; Saidapur, 1978; Babu and Nair, 1983;

Lima et al., 1991). Some females captured in July
presented very previtellogenic follicles undergo-
ing degeneration, after reabsorption of the most
vitellogenic oocytes. According to Guraya (1986)
atresia of previtellogenic follicles is also of rare
occurrence in teleosts at natural conditions. The
main events of the reabsorption process appear to
be similar in the previtellogenic and vitellogenic
atretic follicles of P. affinis. However, there are

TABLE I
Main morphological characteristics of the 5 stages of follicular atresia in previtellogenic and vitellogenic atretic
follicles of P. affinis (Pisces: Characiformes).

Stage/ Morphological characteristics Previtellogenic Vitellogenic
(Figures) atretic follicle atretic follicle
Stage 1/ shrinkage of the ooplasm Yes Yes
(1 and 10) detachment of the zona pellucida Yes Yes
vacuolated areas appear close the nucleus Yes No
intermixing of chromatin into ooplasm Yes Yes
cortical vesicles are grouped No Yes
Stage 2/ zona pellucida is fractured Yes Yes
(2,3, 11 ooplasmic material escapes to the extracellular space Yes Yes
and 12) follicular cells hypertrophy becoming cuboidal Yes Yes
thecal cells proliferate Yes Yes
ooplasm show flocculent aspect Yes No
yolk globules appear to melt No Yes
Stage 3/ ooplasm is partially destroyed and reabsorbed Yes Yes
(4,5,13 zona pellucida is fractured and folded Yes Yes
and 14) follicular epithelium becomes highly columnar Yes Yes
follicular cells show phagocytic granules Yes Yes
theca is thick and richly vascularized Yes No
Stage 4/ ooplasm and zona pellucida were almost completely reabsorbed Yes Yes
(6,7 and 15) blood cells invade the oocyte cavity Yes No
follicular cells invade the oocyte cavity No Yes
remains of the oocyte appear to be reabsorbed by invading cells Yes Yes
atretic follicle acquire a cord-like aspect No Yes
follicular cells are in degeneration Yes No
Stage 5/ atretic follicle is in degeneration and compaction Yes Yes
(8,9 and 16) yellow-green pigments accumulate in some cells Yes Yes
group of pigment cells can persist in the ovary Yes Yes
sometimes, fractured zona pellucida can persist in the ovary No Yes
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morphological differences in the follicular atresia
depending on the species and stage of oocyte de-
velopment (Guraya, 1986). Moreover, the reab-
sorption of the previtellogenic atretic follicles
appeared to occur more rapidly, lasting less than a
month in P. affinis. According to Rastogi (1969),
the duration of atresia depends upon the size of
the oocyte and the amount of yolk.

The phagocytic character of the hypertro-
phied follicular cells was confirmed by histo-
chemical techniques (Lambert, 1970) and
ultrastructural studies (Lang, 1981). The periph-
eral ooplasm of oocytes undergoing resorption
could also be enzymatically active, suggesting that
follicular cells could secrete enzymes during
atresia (Livni, 1971). Blood cells derived from the
theca and/or ovarian stroma were also involved in
follicular atresia (Rai, 1966; Braeckevelt and
McMillan, 1967; Srivastava, 1969; Rastogi, 1969)
and they participated in phagocytosis of degener-
ating granulosa cells remains (Guraya, 1986).

Three distinct phases of the ovarian regres-
sion process in P, affinis were characterized as fol-
lows:

1. Initial regression

The ovary presented a great number of nor-
mal vitellogenic oocytes, some vitellogenic atretic
follicles at stage 1, showing the first signs of
atresia: shrinkage of the ooplasm, detachment of
the zona pellucida, rupture of the nuclear envelope
and intermixing of chromatin and the ooplasm.
This phase was observed mainly in March and
April.

2. Advanced regression

Vitellogenic atretic follicles in stage 2, 3 or 4
were frequent; young (01) and previtellogenic
(02) oocytes were generalty normal. This phase
was most frequently observed in May and June.

3. Late regression

The ovary showed a great number of normal
O1 and O2 oocytes; some vitellogenic atretic folli-
cles at the end of the reabsorption process (Stage
5); pigment cell groups were seen close to the
blood vessels and, sometimes, previtellogenic
atretic follicles. This phase occurred mainly in
July.

The fact that the glandular appearance of
teleost atretic follicles is similar to mammalian
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corpus luteus lead some investigators to suggest a
steroidogenic function for them (Ball, 1960;
Browning, 1973). Histochemical studies refuted
this possibility and the majority of the authors
have considered the atretic follicles of fishes as
structures in degeneration and reabsorption only
{Lambert, 1970; Saidapur, 1978; Lang, 1981;
Babu and Nair, 1983; Nagahama, 1983; Guraya,
1986). However, the thecal cells of previtellogenic
atretic follicles appeared to give rise to the ovarian
interstitial gland cells, which showed features of
steroidogenic activity (Guraya, 1972; Saidapur
and Nadkarni, 1976). Additional studies are neces-
sary for better understanding of the functional sig-
nificance of the follicular atresia and the role of
interstitial cells in fish ovaries.

Acknowledgements — The authors are indebted to the re-
searchers: Yoshimi Sato and Elizabeth Lomelino Cardoso from
the Trés Marias Fishery Station (CODEVASF) for providing
the fishes. Financial support: “PRPq/UFMG/CNPq”.

REFERENCES

BABU, N. and NAIR, N. B., 1983, Follicular atresia in Am-
blypharryngodon chakaiensis. Z. Mikrosk. Anat.
Forsch., 97: 499-504.

BALL, J. N., 1960, Reproduction in female bony fishes. Symp.
Zool. Soc. Lond., I: 105-135.

BRAECKEVEILT, C. R. and McMILLAN, D. B., 1967, Cyclic
changes in the ovary of the brook stickleback Eucalia
inconstans (Kirtland). J. Morphol., 123: 373-396.

BRITSKI, H. A., SATO, Y. e ROSA, A. B. S., 1988, Manual
de identificacdo de peixes da regido de Trés Marias.
CODEVASE, Divisdo de Piscicultura e Pesca, Brasilia,
115p.

BROWNING, H. C., 1973, The evolutionary history of the cor-
pus luteum. Biol. Reprod., 8: 128-157.

GURAYA, S. S., 1972, Histochemical observations on the in-

terstitial gland cells of dogfish ovary. Gen. Comp. En-
docrinol., 18: 409-412.

GURAYA, S. S., 1986, The cell and molecular biology of
fish oogenesis. Sauer, H. W., Karger, Basel. 223p.
GURAYA, 8. S., KAUR, S. and SAXENA, P. K., 1975, Mor-
phology of ovarian changes during the reproductive cy-
cle of the fish, Mystus tengara (Ham.). Acta Anat., 91:
222-260.

HUNTER, J. R. and MACEWICZ, B. ], 1985, Rates of atresia
in the ovary of captive and wild northern anchovy, En-
graulis mordax. Fish. Bull., 83: 119-136.

LAMBERT, J. G. D., 1970, The ovary of the guppy Poecilia
reticulata: the atretic follicle, a corpus atreticum or a
corpus luteum preovulations. Z. Zellforsch., 107: 54-
67.

LANG, I, 198
vestigati
(Teleost

LIMA, R. V. .
FAVA-D
BOREL
ciclo ref
Holmbe;
CEPTA,

LIVNI, N, 1
Cyprinu
(Teleost

NAGAHAMA,
gonads.
part A. ]
M., Aca

RAI B. P, 19¢
pora lut
Anat. Ai
RASTOGI, R.
ovular al
cuchia (
RIZZO, E. and
face and

Reinharc
Biol., I(




s to suggest a
(Ball, 1960;
ptudies refuted
Iof the authors
bs of fishes as
Josorption only
Lang, 1981;
11983; Guraya,
previtellogenic
£ to the ovarian
bed features of
972; Saidapur
adies are neces-
| functional sig-
pnd the role of

hdebted to the re-
blino Cardoso from
hSF) for providing
CNPq”.

‘hlar atresia in Am-
Mikrosk. Anat.

|bony fishes. Symp.

D. B, 1967, Cyclic
tickleback Eucalia
H23: 373-396.

18, 1988, Manual
‘Bo de Trés Marias.
| e Pesca, Brasilia,

/ i history of the cor-
b7.

:prvations on the in-
y. Gen. Comp. En-

Vecular biology of
b, Basel. 223p.

, P. K., 1975, Mor-
lhe reproductive cy-
h.). Acta Anat., 91:

PRS, Rates of atresia
Hhern anchovy, En-
0-136.

jthe guppy Poecilia
bpus atreticum or a
pliforsch., 107: 54-

FOLLICULAR ATRESIA IN P. AFFINIS 703

LANG, 1., 1981, Electron microscopic and histochemical in-
vestigations of the atretic oocyte of Perca fluviatilis L.
(Teleostei). Cell Tissue Res., 220: 201-212.

LIMA, R. V. A., BERNARDINO, G., VAL-SELLA, M. V,
FAVA-DE-MORAES, F, SCHEMY, R. A. and
BORELLA, M. L., 1991, Tecido germinativo ovariano €
ciclo reprodutivo de pacus (Piaractus mesopotamicus
Holmberg, 1987) mantidos em cativeiro. Bol. Téc.
CEPTA, 4: 1-46.

LIVNI, N., 1971, Ovarian histochemistry of the fishes
Cyprinus carpio, Mugil capito and Tilapia aurea
(Teleostei). Histochem. J., 3: 405-414.

NAGAHAMA, Y., 1983, The functional morphology of teleost
gonads. In Fish Physiology, Vol. IX: Reproduction,
part A. Eds. Hoar, W. S.; Randall, D. J.; Donaldson, E.
M., Academic Press, New York, pp. 223-276.

RAI B. P, 1966, The corpora atretica and the so-called cor-

pora lutea in the ovary of Tor (Barbus) tor (Ham).
Anat. Anz., 119: 459-465.

RASTOGI, R. K., 1969, The occurrence and significance of
ovular atresia in the fresh water mud-eel, Amphipnous
cuchia (Ham). Acta Anat., 73: 148-169.

RIZZO, E. and BAZZOLI, N., 1993, Oogenesis, oocyte sur-
face and micropylar apparatus of Prochilodus affinis
Reinhardt, 1874 (Pisces, Characiformes). Eur Arch.
Biol., 104: 1-6.

ROMAGOSA, E., GODINHO, H. M. and FENERICH-VER-
ANI, 1982, Observagdes do processo de regressdo do
ovério de Prochilodus scrofa Steind. 1881, em tanques
de cultivo. Cienc. Cult., 34: 670.

ROMAGOSA, E., DE PAIVA, P, GODINHO, H. M. and
STORFER, E. B., 1988, Desenvolvimento dos ovdcitos
de Piaractus mesopotamicus (Holmberg, 1887) (=
Colossoma mitrei Berg, 1895) em condi¢des de cultivo
intensivo. Cienc. Cult., 40: 60-64.

SAIDAPUR, S. K., 1978, Follicular atresia in the ovaries of
nonmammalian vertebrates. Int. Rev. Cytol., 54: 225-
244.

SAIDAPUR, S. K. and NADKARNI, V. B, 1976, Steroid syn-
thesizing cellular sites in the ovary of catfish, Mysius
cavasius: a histochemical study. Gen. Comp. Endocri-
nol., 30: 457-461.

SATO, Y. and CARDOSO, E. L., 1988, Reprodugio induzida
da curimati-pioa (Prochilodus affinis). Encontro
Anual de Aquicultura de Minas Gerais, Belo Hori-
zonte V: 109-110 (abstract).

SATO, Y. and GODINHO, H. P, 1987, Adesividade de ovos e
tipo de desova dos peixes de Trés Marias, MG. Encon-
tro Anual de Aquicultura de Minas Gerais, Belo
Horizonte V: 102-103 (abstract).

SRIVASTAVA, S. S., 1969, Formation of the corpora atretica
in Notopterus notopterus (Pallas). Acta Zool., 50:77-
89.

Rev. Brasil. Biol., 55 (4):697-703






