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Abstract

Introduction: This work describes various aspects of early gonadal development of female and male in
pre-metamorphic tadpoles ( Lithobates catesbeianus) at Gosner stage 25. Materials and Methods: Ovaries and
testicles were prepared for routine light microscopy for morphological study and for acridine orange technique
fluroescent microscopy for observation of RNA cytoplasm activity. Results: The results showed that female
gonads at Gosner stage 25 predominated primary and secondary oogonias, as well as primary, secondary and
tertiary oocytes. The developing testicle presented primary spermatogonia (I or A) and secondary spermatogonia
(IT or B), and as well as primary and secondary spermatocyte. All this cell phases were morphologically
characterized and the cell sizes measured. In pre-metamorphic testes the somniferous duct are not developed
and the vasa deferentin is opened. Conclusion: At this point, it was possible differentiate ovary from testes
does not for the gonadal cells, but for the general anatomy of the organs, being the ovary a spheroid structure

and the testicle an elongated tubule.
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1 Introduction

Gametogenesis is the most important process for reproduction
(ZUG, VITT and CALDWELL, 2001), and, in adults, it is
divided into several stages or phases, according to the cytoplasmic
and nuclear changes (PRADO, ABDALLA, SILVA et al.,
2004). In adult amphibians, gametogenesis follows a similar
pattern to that of other vertebrates, however the number of
stages described for each animal varies considerably, depending
mainly of the criterion used by the authors and the peculiarity
of the species (ABDALLA and CRUZ-LANDIM, 2003).

Lithobates catesbeinnus bullfrog (Shaw, 1802) is an anuran
naturally distributed in eastern North America, Nova Scotia
and the State of Florida (FROST, 2013). Previously described
as Rana catesbeiana, was incorporated gender Lithobates in
1943 (FROST, GRANT, FAIVOVICH etal., 2006), although
most of the literature about them refer to old taxonomic name.

This semi aquatic species can be found in a wide variety of
habitats, but preferably occupies permanent water with thick
aquatic vegetation that provides convenient places to escape
predators, growth and reproduction. The species presents
an accentuated sexual dimorphism, males being smaller than
females (KLEMENS, 1993; MOYLE, 1973).

According to Schwalbe and Rosen (1988), bullfrog is an
extremely prolific species, with each female producing about
20.000 eggs per spawning and the number of offspring
generated by a couple spins around 5.000 per breeding
season (HOWARD, 1978). The bi-colored eggs measure
approximately 1 mm in diameter and the roe is laid close to
edges of the surface of water, attached to the semi-aquatic
vegetation. They hatch in a period between 3 and 5 days.
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The newly hatched tadpoles measure about 1 c¢m in length
(ALTIG and MCDIARMID, 1999).

The early lifecycle of the tadpoles is divided in three phases:
embryonic, larval, and metamorphic. After metamorphosis
arises the adult or post-embryonic phase. The embryonic
stage is the period of fertilization and development within the
egg. The larval phase begins with the hatching of the egg and
includes the whole period of development of tadpoles. In the
third and final phase, the metamorphic, the tadpole changes
into an adult frog (ALTIG and MCDIARMID, 1999). Gosner
(1960), considering the morphological changes that occur in
these phases, subdivided them into 46 stages of development,
with the embryonic stage corresponding to stages 1-15; laval
corresponding to stages 16-25; the metamorphic phase,
corresponding to body growth and early development of
the posterior members, stages 26-35. At stages 36-41 the
stabilization of body growth and development of the posterior
members takes place, and at stages 42-46 the completion
of metamorphosis occurs, with externalization of anterior
members, resorption of the tail and modification of the jaw.

The tadpoles of this species at Gosner stage 25 measure
approximately 8 cm. Despite the vast literature about the
morphology of the gonads of adult amphibian anures, the
morphology the pre-metamorfic gonadal development of
these animals is poorly studied. Therefore, the aim of this
study is to perform a morphological description of the gonads
of tadpoles of bullfrogs at 25 Gosner, and to characterize the
different initial stages of ovarian and testicular maturation.
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2 Material and Methods

Tadpoles were obtained from a breeding colony at Ranaville
(Santa Bérbara do Oeste, Sio Paulo State, Southeast Brazil),
packed in plastic bags with 80 L capacity containing water and
immediately transported to the Laboratory of Conservation
Physiology at Federal University of Sdo Carlos, in Sorocaba.
Tadpoles were housed in 50 L aquaria equipped with a
continuous supply (1.2 L/h) of well-aerated and dechlorinated
water at a constant temperature (25 + 1 °C) under natural
photoperiod (~12 h light/dark cycle) until they reached
Gosner (1960) developmental stage 25. After this period, each
tadpole was euthanatized by cephalic concussion following
the rules of euthanasia of the American Veterinary Medical
Association (AMERICAN..., 2001), and had their gonads
removed and fixed with the appropriate substance for each
type of procedure to be performed: modified Karnovisky (2.5%
glutaraldehyde, sodium cacodylate buffer, 0.1 M, pH.7 2)
for routine light microscopy, and buffered paraformaldehyde
(4% paraformaldehyde in phosphate buffer 0.1 M, pH. 7.4)
for histochemical technique.

All experiments with the animals were approved by the
Institutional Animal Experimentation Committee of the Federal
University of Sao Carlos (protocol 034,/2012), in accordance
with the Brazilian legislation for Animal Experimentation
(COMITE..., 2013).

2.1 Microscopy for high resolution

After the gonads fixation in Karnovsky, the material was
post-fixed in solution of osmium tetroxide 1.67%, in the dark,
for 1h and then washed three times in cacodylate bufter for
30 min each. After this, the material was dehydrated (SILVA-
ZACARIN, CHAUZAT, ZEGGANE et al., 2012) in a series
of increasing concentrations of ethanol (15%, 30%, 50%, 70%,
80%, 90%, 95% for 40 min each; 100% ethanol for 1h; alcohol
+ xylol for 40 min.; and pure xylol for 1 h) at a temperature of
4 °C. Then, the material was placed in liquid historesin Epon
(Leica®) plus activator (1 mL:0.5 mg), at 10 °C for 24 h. After,
the material was embedded in historesin (embedding historesin
plus catalyst, Hardener, 15 mL:5 mL). The material included
with the resin was taken at the Leica® (RM 2255) microtome
to be sectioned at 1.5 pm thickness.

For morphological analysis, slides of gonads were stained
with hematoxylin and eosin (HE), sealed with Ervmount
and later observed, analyzed and photodocumented with the
Leica® (DM1000) photomicroscopy.

2.2 Fluorvescence histochemical technique - Acvidine
Orange

The slides were first washed and dried (1 day). Once dried,
the slides were embedded with polylysine and allowed to dry
(1 day). Then, the paraffin material was sectioned (10 pm) and
sequentially placed on the slides that were stored at 4 °C until
used. The slides were placed in a cuvette to be deparaffinized
- using a sequential application of xylol for 20 min.; xylol +
alcohol (1:1) for 5 min.; 100% alcohol for 10 min. Then, the
rehydration of the slides was performed — with a sequential
application of decreasing concentration of alcohol (95%, 70%
¢ 50%, 5 min. each). The slides were washed three times with
distilled water and placed in a cuvette containing 250 mL of
distilled water and 125 pL of Triton for 10 min.

Then, the slides were washed three times with distilled
water again and placed in a cuvette containing citrate buffer
(pH. 2.5) at 75 °C for 5 min. After this time, the slides were
placed in a cloud chamber, stained with acridine orange (AO)
and covered with a plastic cover slip, for 25 min. Then, the
slides were washed three times with distilled water (three baths,
1 min. each). Finally, histological slides were dehydrated — by
the application of increasing concentration of acetone (50%,
70% and pure acetone), for 1 min. each and were sealed with
Ervmount. They were stored at 4 °C, in the dark and later
observed, analyzed and photodocumented with the Leica®
(DM4000) photomicroscopy.

3 Results

The gonads of tadpoles at Gosner stage 25 are located in the
abdominal cavity and constitute whitish filaments, very fragile
and intimately associated with the dorsal wall of the kidneys.
They are about 2 mm wide and 2 c¢m at its greatest length.

3.1 Ovary primovdial morphology

The morphological data for the primordial tadpoles ovaries
in the pre-metamorphic stage or Gosner stage 25 indicated
sack-like ovaries, with the beginning of the formation of the
central cavity of the ovary (also known as ring structure) and
oviducts, showing a well-defined external theca with follicular
cells lining the entire ovary, which is located between the inner
and outer epithelial ovarian.

The primary oogonia are closely associated with the
somatic cell wall, delimiting the female gonad or external
theca. They are constitutes of smaller cells, not surrounded
by pre-follicular cells, with decondensed nuclei chromatin
and weakly acidophilic cytoplasm. Such cells have a rounded
morphology, approximately 18 um of nuclear diameter and
lobular germinal vesicle, containing one or two nucleoli, with
location eccentric to the cytoplasm (Figure 1). Secondary
oogonias measure approximately 14 pm of nuclear diameter
and are the second smallest cell of the oogonia lineage.
Their cytoplasm is scarce and hyaline, without defined shape
(Figure 1). Primary oocytes in the pre-metamorphic tadpole
stage measure approximately 38 pm of nuclear diameter

Figure 1. Primordial ovaries of tadpoles in the pre-metamorphic
stage or Gosner stage 25 indicated primary oogonia (yellow arrow)
and secondary oogonia (black arrow).
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and are larger, being about 3 times larger than oogonia B.
They show acidophilic cytoplasm due to the limited amount of
RNA present in this phase (Figure 2A and B). This can also be
observed by fluorescence staining (Figure 3). Additionally the
oocyte development concerning their size and RNA quantity
is not synchronic in the ovaries (Figure 3). Their nucleus is
large, light stained and have a well-defined shape, with multiple
micronucleoli distributed mainly near of the internal face of
the nuclear envelope. Inside the oocytes, it can be observed
a region described in the literature as an aggregate of RNA
and mitochondria, the Balbiani body or nuage. At this stage,
these regions are clearly evidenced by yellow in fluorescence
and transparent aggregates (cloud-like or, in French, nuage)
in routine microscopy scattered throughout the cytoplasm
that, in this phase, is predominantly green colored (Figure 3).

Secondary oocytes measure approximately 41 pm of nuclear
diameter and are larger than the primary oocytes (Figure 2C).
Oocytes ITI presented nuclear diameter measuring approximately
47nm, they have centralized and large nucleus. The deposition
of cortical granules is a fundamental feature of this type of
oocyte (Figure 2D).

3.2 Movphology of primovdial testicle

The morphological data for the primordial testicle of
tadpoles in the pre-metamorphic stage, or Gosner stage 25,
indicated that the testicle present lobular form, well-developed
tunica albuginen, abundance of somatic cells, proliferation

—
-

o

of germ cells, presence of primary spermatogonia (or A),
and secondary spermatogonia (or B), primary and secondary
spermatocytes. The collecting ducts are long and massive
structures still undergoing differentiation. Inside the testicle,
the first cysts are forming (Figure 4). In the testicles, the germ
cells development is cortical.

Primary spermatogonia (I or A) measure approximately
36 um of nuclear diameter, and are constituted of large
cells, with nucleus with very decondensed chromatin and
micronucleoli throughout its length (Figure 5A). Whereas,
secondary spermatogonia (II or B) measure approximately
25 pm of nuclear diameter. They are small and have nucleus
with more condensed chromatin (Figure 5B).

Primary spermatocytes that measure approximately 19 nm
of diameter. These cells are smaller than the spermatogonia
B and have spherical nucleus (Figure 5C). While, secondary
spermatocytes measure approximately 15 nm of diameter and
have nucleus with condensed chromatin (Figure 5D).

4 Discussion

As described by Franchi (1962), Lofts (1974) and Ohtani,
Miura and Ichikawa (2000), the ovaries of amphibians have
sack-like or lobular shape with a cavity inside and a germinal
epithelium which gives the ability to a cyclical gonadal
proliferation and differentiation of large quantities of gametes.
Our results are compatible with those observations.

Figure 2. Primordial ovaries of tadpoles in the pre-metamorphic stage or Gosner stage 25. (A and B) Primary oocytes indicated
lumpbrush chromosomes (red arrow) and Balbiani body (black arrow); (C) Secondary oocytes with Balbiani body (black arrow);

(D) Third oocytes with cortical granules.
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Figure 3. Fluorescence histochemical technique — Acridine
Orange — showing the difference in the activity of RNA synthesis
in oocytes at different stages. The Balbiani body in this stage are
clearly evidenced by yellow coloring.

Figure 4. Primordial testicle of tadpoles in the pre-metamorphic
stage or Gosner stage 25. (ta) tunica albuginen; (esg 1) primary
spermatogonia; (esg II) secondary spermatogonia; (sc) somatic
cells in the process of differentiation to form the first cysts; yellow
arrow clusters of secondary oogonias.

The theca is completely surrounded by the stratum of
follicular cells, and is composed principally of collagen, blood
vessels and fibroblasts. Occasionally, nerve and smooth muscle
cells are observed (DUMONT and BRUMMETT, 1978).
In the ovary cavity, somatic or follicular cells lining the entire
ovarian in which developing germ cells are observed (HAYES,
STUART, MENDOZA et al., 2006). Follicular cells involve
all primary ovarian and penetrate inside it, involving groups
of oogonia in division. These cells eventually will compose
the granular stratum of the developing oocytes (COSTA,
LIMA, ANDRADE et al., 1998). The association of oocytes
and follicular cells keep the growth and viability of oocytes, as
these cells metabolize certain molecules that are transported
to the oocytes (SENBON, HIRAO and MIYANO, 2003).
Structural and functional changes that occur in these cells
during the course of gametogenesis seem to be important to
allow the oocyte maturation (SCHUETZ, 1974).

The structure and morphology of oogenesis in tadpoles in
pre-metamorphic stage follows the pattern described for fish
and other adult amphibians (ABDALLA and CRUZ-LANDIM,
2003, 2004; PRADO, ABDALLA, SILVA et al., 2004), in
the ovaries, germ cell development is medullary. The ovaries
present in its interior different stages of germ cells, which are
classified according to their morphological characteristics:
primary oogonia or A, secondary oogonia or B, oocytes I, 11
and IIT (AL-MUKHTAR and WEBB, 1971; OLIVEIRA and
ANDRADE, 1997).

In the studied tadpoles, the primary ovary is in gonia, z.¢.,
stage of the proliferation of oogonias, giving rise (by successive
mitoses) to secondary oogonias, small cells, with nucleus with
eccentric position to ooplasma, that present less compact
chromatin, measuring less than 10 pm of nuclear diameter.
They are characterized by a large spherical and weakly basophilic
nucleus, as described by Marques, Rosa and Gurgel (2000)
and Abdalla, Martins, Silva-Zacarin et al. (2013) for adult
amphibians. After the gonia (mitotic division of oogonias A),
each secondary oogonia or B will produce only one oocyte,
which is evolved by the follicle cells.

Inside the oocytes, a region described in the literature as
an aggregate of RNA and mitochondria, the Balbiani body or
nuage is in accordance with the description by Costa, Lima,
Andrade et al. (1998), Abdalla and Cruz-Landim (2004),
Prado, Abdalla, Silva et al. (2004 ); Okuthe (2012) for adults
of anuran. This RNA is condensed in micronucleoli into the
nuclei and transferred to the cytoplasm during the early stages
of oogenesis (ABDALLA and CRUZ-LANDIM, 2004).

The Balbiani body or nuage is commonly referred to, in
amphibians, as mitochondrial cloud (GURAYA, 1979; KLOC
and ETKIN, 1998; OKUTHE, 2012), it is a complex of
cytoplasmic organelles, including the mitochondria, Golgi
complex, smooth endoplasmic reticulum e multivesicular
bodies. These aggregations differ in their composition and size
according to the species (GURAYA, 1979). Balbiani body is
not limited to fish and amphibian oocytes (ZELAZOWSKA,
KILARSKI, BILINSKI et al., 2007), being also described in
many mammalian oocytes in adult (KRESS, 1996). According to
Clérot (1979), the association of RNA with mitochondria may
have an important role in the replication of these organelles.
Its function is not well understood and still requires more
studies (OKUTHE, 2012).

The primary oocytes enter meiosis. On the first meiotic
division come the first polar body (ABDALLA and CRUZ-
LANDIM, 2003; PRADO, ABDALLA, SILVA etal., 2004).
Secondary oocytes present abundant, more granular and less
basophilic cytoplasm as described by Costa, Lima, Andrade et al.
(1998) for adult amphibians. There is a progressive increase in
the number of nucleoli that vary in size and, as the oocyte as
develops, it migrate from the central to the nuclear periphery until
released into the cytoplasm through nuclear pores (OLIVEIRA
and ANDRADE, 1997). The secondary body originates of the
secondary oocyte, in the second meiotic division. It will not give
rise to functional gametic cells, as well as other polar bodies.
From this stage, in the oocytes, the first cortical corpuscles
(pre-vitellogenic oocyte) appear. They will accumulate yolk
inside and will grow in size (vitellogenic and mature oocytes
in adults). In premetaphorfic anuran, the development does
not reach the vitellogenic phase (ABDALLA and CRUZ-
LANDIM, 2003; PRADO, ABDALLA, SILVA etal., 2004).
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Figure 5. Primordial testicle of tadpoles in the pre-metamorphic stage or Gosner stage 25. (A) Primary spermatogonia (white arrow);
(B) Secondary spermatogonia (black arrow); (C) Primary spermatocyte (red arrow); (D) Secondary spermatocyte (yellow arrow).

As described by Oliveira and Andrade (1997), for adult
amphibians, oocytes III have centralized nucleus and they
are proportionately large. The present work supports those
findings. This oocyte marks the beginning of the yolk process
(COSTA, LIMA, ANDRADE etal., 1998). The deposition of
cortical granules is a fundamental feature of this type of oocyte.
These granules are organelles derived from Golgi complex,
composed of a wide variety of proteins, structural molecules,
enzymes and glycosaminoglycans (FERREIRA, VIREQUE,
ADONA et al., 2009). As meiotic maturation progresses,
the granules migrate in direction of the oocyte peripheral.
At the end of the maturation period, when the oocytes reach
meiosis II, the cortical granules are close to the inner surface
of the plasma membrane, forming a strategic monolayer to
wait for the sperm penetration (THIBAULT, SZOLLOSI
and GERARD, 1987). With fertilization and in response to
clevation of intra-oocyte concentration of calcium, granules
fuse with the plasma membrane and release their contents
into the perivitellinic space (CARNEIRO, LIU, HYDE etal.,
2002). This event, known as cortical reaction, is one of the
mechanisms to prevent polyspermy. Polyspermy results in
unnatural cleavage of the zygote and embryo degeneration
(FERREIRA, VIREQUE, ADONA et al., 2009). A fundamental
feature of this type of oocyte is RNA predominantly on the
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cytoplasm, which begins in primary oocytes and reaches its
maximum in the third oocyte.

During oogenesis, oocytes stop their development in
prophase of meiosis I (diplotene), appearing in their nucleus,
regions of DNA, of homologous chromosomes, decondensed
and presenting great activity of RNA synthesis. These regions
are observable by light microscopy and designated lumpbrush
chromosomes. These chromosomes appear in prophase of meiosis
of oocytes from different animals. Ultrastructural studies by
Rocha and Rocha (2011) during this period suggest a transfer
of large amounts of ribosomal RNA from the nucleus to the
cytoplasm, since this mechanism is one of several strategies
for increasing gene expression. Thus, this method represents
a considerable amplification of genes that are transcribed into
RNA and on the cytoplasm translated into proteins, which
have critical role in early oogenesis.

Differently from ovaries, the tadpole testicle consists of two
massive tubular symmetric structures, which presents early
developing seminiferous tubules, with germ cells in different
stages of development. These cells occur in clusters, within cysts
formed by Sertoli cells (COSTA, LIMA, ANDRADE et al.,
1998). Our findings are consistent with the study by Costa, Lima,
Andrade etal. (1998). Among the species of amphibians, testicle
may present cysts in the same developmental stage (synchronous)
or at different developmental stages (asynchronous) and, in
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a same cyst, all cells are at the same stage of development.
On the final stages of adults, the spermatogenic process goes
on and cysts rupture releasing cells (spermatids and sperm) into
the lumen of the developed seminiferous tubules (COSTA,
LIMA, ANDRADE et al., 1998).

Similarly to the case of ovaries, spermatogenesis of
amphibians follows a similar pattern as described for fish
(ABDALLA and CRUZ-LANDIM, 2003, 2004; PRADO,
ABDALLA, SILVA etal., 2004), but differently of oogenesis,
on spermatogenesis meiosis is not interrupted. Testicles are
externally covered by a thin layer of connective tissue, where
fibroblasts (or somatic cells) are noticeable. In adults, fibroblasts
will form the capsule or tunica albuginen, as described by
Cruz-Landim, Abdalla and Cruz-Hoéfling (2004 ) and Santos
and Oliveira (2007).

The primary spermatogonia (I or A) are closely associated
with the wall of somatic cells delimiting the male gonad.
Secondary spermatogonia (IT or B) arise as a result of mitotic
division of the primordial germ cells and are further apart
from the cells that surround the testicle. After successive
mitotic divisions, the B spermatogonia grow and give rise
to primary spermatocytes. Primary spermatocytes enter the
meiosis process, finally resulting in the formation of gametes.
The prophase of the first meiotic division is a long process,
divided into five phases with specific morphological and
functional characteristics, called pre-leptotene, leptotene,
zygotene, pachytene and diplotene. The primary spermatocyte
stage from pre-leptotene to leptotene phase, DNA synthesis
and replication occur, causing an increase in cell volume, which
culminates in the homogeneous distribution of chromatin at the
nucleus (RUSSELL, ETTLIN, SINHA-HIKIM et al., 1990;
SEGATELLI, BATLOUNI and FRANCA et al., 2009). Then,
in the primary spermatocytes at zygotene, there is chromosomal
thickening, the pairing of homologous chromosomes begins
and the synaptonemal complex is formed; the latter being only
visible under transmission electron microscopy (BILLARD,
1984, 1986; GRIER and NEYDIG, 2000). This complex
persists until the end of the pachytene stage, which is the longest
phase of meiotic prophase, in which genetic recombination
and segregation occurs, important fact for the diversity of
individuals of the same species, presenting completely matched
and compact chromosomes. After progressing to the next stage
(diplotene), primary spermatocytes complete the first meiotic
division giving rise to secondary spermatocytes. They are
haploid and pass quickly through the second meiotic division,
resulting in the formation of spermatids (RUSSELL, ETTLIN,
SINHA-HIKIM etal., 1990). After meiosis II, spermiogenesis
begins in spermatids, who sufter from varying degrees of nuclear
condensation to give the sperm typically formed by acrosome,
head, midpiece and tail (CRUZ-LANDIM, ABDALLA and
CRUZ-HOFLING, 2004).

In the present work, it is not possible to observe spermatids
and spermatozoid, because the tadpoles studied are still in the
carly stage of development.

5 Conclusion

In pre-metamorphic stage of the bullfrog tadpoles, we
were able to discern that the following early stages occur on
the ovaries: primary oogonia (18 pm of nuclear diameter);
secondary oogonia (14 um of nuclear diameter); primary
oocytes (38 pm of nuclear diameter); secondary oocytes

(41 pm of nuclear diameter) and third oocytes (47 pm of
nuclear diameter).

We were able to discern that the following early stages
occur on the testicle: primary spermatogonia (I or A) (36 um
of nuclear diameter); secondary spermatogonia (II or B)
(25 pm of nuclear diameter); primary spermatocyte (19 pm
of nuclear diameter); and secondary spermatocyte (17 pm of
nuclear diameter).

In this study it was not possible to observe spermatids, or
sperm, because the tadpoles studied are still in the early stage
of development.
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