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Summary7

The organization and the histological characteristics of Leptodactylus chaquensis testis throughout the
reproductive cycle were analyzed in the presented study. Gonads of adult males, processed with routine
techniques for optical microscopy, revealed that during the reproductive period the seminiferous tubules
were characterized by presentation of a large number of cysts, and germ cells at the same maturation
stage were supported by Sertoli cells. All the germ line cells were also present in the postreproductive
period and maintained their morphological characteristics. Primary spermatogonia were large-sized
cells found isolated or in small groups. The rest of the cells of the germ line formed cysts. Secondary
spermatogonia showed morphological characteristics similar to their predecessors, although they were
smaller. Primary and secondary spermatocytes showed images of the different stages of the first
and second meiotic division respectively. One finding was the presence of intercytoplasmic bridges
between the secondary spermatocytes. Primary spermatids were rounded cells with an acrosomal
vesicle associated with the nucleus and had cysts that were characterized by large intercellular spaces.
Secondary spermatids were elongated cells with a well defined acrosome, which in the spermatozoa had
the shape of an arrowhead. Another peculiar characteristic of this species was the fusion of the walls of
the seminiferous tubule with the efferent duct that formed a path for spermatozoa during spermiation.
The presence in the seminiferous tubules of all stages of the spermatogenic line during the two periods
of the cycle studied indicated that Leptodactylus chaquensis had a potentially continuous reproductive
cycle.
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Introduction27

The male reproductive system in amphibia is consti-28
tuted by the testes, which are located in the body29
cavity at both sides of the median line (Hermosilla30
et al., 1983; Oliveira & Vicentini, 1998; Oliveira & Zieri,31
2005; Santos & Oliveira, 2008) and a series of ducts that32
transport the mature gametes to the external medium.33

1All correspondence to: Silvia N. Fernández. Superior
Institute of Biological Research, National University of
Tucumán, Chacabuco 461, Tucumán 4000, Argentina. Tel: +54
0381 424 7752/7005. Fax: +54 0381 424 7752/7044. e-mail:
sfernandez@fbqf.unt.edu.ar
2Instituto Superior de Investigaciones Biológicas (INSIBIO),
Consejo Nacional de Investigaciones Científicas y Técnicas
(CONICET), Universidad Nacional de Tucumán, Chacabuco
461, (4000) Tucumán, Argentina.

Although amphibia exhibit a wide variety of 34
reproductive schemes, generally there are two types 35
of gonadal cycles: (i) a continuous cycle in which 36
sperm production is constant throughout the year; and 37
(ii) a discontinuous cycle characterized by testes with 38
spermatozoa present only during a particular season 39
(van Oordt, 1960; Paniagua et al., 1990). 40

Spermatogenesis takes place during the testicular 41
cycle. Sperm formation is a complex process that starts 42
with the division of spermatogonia and ends with 43
the transformation of spermatids into spermatozoa. 44
This last process, called spermiogenesis, involves bio- 45
chemical, cytochemical and morphological spermatid 46
modifications (Phillips, 1974; Amaral et al., 1999). 47

Spermatogenesis in amphibians occurs in clusters 48
called cysts, which in anurans are found inside the 49
seminiferous tubules (Lofts, 1974). Each cyst consists 50
of single type of germ cell at the same stage of 51
differentiation (Lofts, 1974; Pudney, 1995) plus a Sertoli 52
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cell attached to the tubular basement membrane (Grier,53
1992).54

There are few data concerning the morphological55
and functional characteristics of amphibian testes56
during the reproductive cycle (Sasso-Cerri et al.,57
2004). In Leptodactylus chaquensis males, knowledge of58
their reproductive biology is limited to a description59
of the sperm acrosomic reaction (Raisman et al.,60
1980). This amphibian, which inhabits northern61
Argentina, has a relevant importance not only from62
an economic point of view as it provides meat for63
human consumption, but also because its population64
is perceptibly decreasing due to factors such as65
aggressive pesticides, diseases due to water pollution,66
predation, indiscriminate capture and/or occupation67
of their ecological niches by foreign species.68

Taking into account that gametogenesis is an69
important aspect in the reproductive biology of any70
species and that morphological studies are required71
to establish the functional bases of the reproductive72
activity, the aim of the present work was to analyze73
the testicular organization and the histological aspects74
of the Leptodactylus chaquensis spermatogenesis. This75
study was undertaken during two periods of the76
reproductive cycle.77

Materials and methods78

Animals79

Leptodactylus chaquensis adult males were collected80
from nearby areas of Tucumán, Argentina, during81
the December–March (reproductive) and May–July82
(postreproductive) periods. The animals (n = 6 for each83
period) were used immediately after capture or kept in84
captivity for 24 h in boxes with appropriate humidity85
at room temperature.86

The protocols for this study followed approved87
guidelines for the ethical treatment of animals and all88
care was taken to prevent cruelty of any kind.89

Gonads90

After the animals were weighed, testes free of91
extraneous tissues were rapidly removed under an-92
aesthesia and washed in amphibian Ringer’s solution,93
pH 7.4.94

Gonad samples were fixed in 10% w/v formalde-95
hyde for 24 h, included in Paraplast, embedded in96
paraffin and serially sectioned at 2–4 �m thickness.97
The sections were then stained with haematoxylin–98
eosin (H–E), routine staining, and toluidine blue (TB)99
pH 5.6, a dye that binds to molecules that contain acid100
groups and permits better visualization of the degree101
of condensation of the nuclear chromatin and of the102

acrosome. Finally, the samples were examined under 103
an Axiolab (Zeiss) light microscope. 104

Morphometric parameters 105

The gonads were weighed for later calculation of the 106
gonadosomatic index (GSI): gonad weight/100 g body 107
weight. The length of the longer and shorter axes 108
of the seminiferous tubules was determined using 109
a micrometric ocular lens attached to an Axiolab 110
(Zeiss) microscope under ×100 magnification. The 111
axial length of 100 tubules was determined and the 112
values were expressed as mean ± standard error (SEM) 113
of the group from each period studied. 114

Statistical analysis 115

Statistical analysis was performed using the non- 116
parametric Kruskal–Wallis test followed by a multiple 117
comparison method (Dunn’s method). All statistical 118
comparisons were made above the 95% confidence 119
level. Data are presented as mean ± SEM. 120

Results 121

Leptodactylus chaquensis male gonads are a pair of ovoid 122
organs located in the abdominal body cavity that has 123
a close relationship with the kidneys. The testes are 124
surrounded by a thin capsule of connective tissue, the 125
tunica albuginea, that gives them their white colour. 126

Gonad size and weight vary according to the period 127
of the reproductive cycle. During the reproductive 128
period (spring and summer), testis size was 1.78 ± 129
0.072 cm long, 1.06 ± 0.06 cm wide and 0.46 ± 0.04 cm 130
thick, while during the postreproductive period 131
(autumn and winter), values were 1.01 ± 0.039 cm, 132
0.36 ± 0.03 cm and 0.15 ± 0.01 cm respectively. 133
Testicular weight was 0.720 ± 0.049 g during the 134
reproductive period, decreasing significantly to 135
0.071 ± 0.007 g during the postreproductive period. 136
Another morphometric parameter that showed 137
marked differences between the two periods studied 138
was GSI. In fact, during the reproductive period, the 139
GSI was 2.50 ± 0.25, while in the postreproductive 140
period it was 0.39 ± 0.03. 141

A relevant feature, intimately associated with the 142
reproductive cycle, is the presence of fat bodies 143
attached to the gonads. In the postreproductive period 144
the fat bodies were well developed, with many lobes 145
and with a strong orange colour, while in the breeding 146
period they were smaller and pale coloured. 147

Testis histology study 148

Leptodactylus chaquensis testes consist of a mass of 149
convoluted seminiferous tubules between which is the 150
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Figure 1 Testis section of Leptodactylus chaquensis. In the
interstitium (I), Leydig cells can be observed either isolated
(arrows) or in groups (asterisk). LV: lymphatic vessel;
SC: Sertoli cell; ST: seminiferous tubules; Z: spermatozoa.
Haematoxylin–eosin.

interstitium, which contains connective tissue, blood151
and lymphatic vessels and Leydig cells either isolated152
or in small groups. These cells were characterized by153
their rounded nucleus that contained condensed chro-154
matin with a uniform distribution in the nucleoplasm155
(Fig. 1).156

The seminiferous tubules, surrounded by miode157
cells, are the mass where germ cells develop. In a158
transverse section of the tubule the size of their axis159
showed differences according to the period studied. In160
fact, during the reproductive period, the length of the161
long axis was 737 ± 71 �m and that of the short axis162
395 ± 31 �m, while during the postreproductive163
period length were 421± 17 �m and 336 ± 16 �m164
respectively.165

Reproductive period166

The testes from animals collected during the repro-167
ductive period presented seminiferous tubules with168
a wall that showed a marked thickness due to the169
presence of numerous cysts (Fig. 2).170

At the base of the tubular wall, primary sper-171
matogonia, alone or in small groups of not more172
than four cells were seen (Fig. 3). These large cells,173
which do not form cysts, exhibited a dark cytoplasm174
and their nucleus showed marked indentations and175
homogeneously distributed chromatin granulations176
(see Fig. 9 later).177

Primary spermatogonia divide mitotically into178
secondary spermatogonia. From this division on, all179
the cells of the germ line are grouped into cysts180
supported by the Sertoli cells whose cytoplasmic181
extensions constitute the cyst wall. Sertoli cells, which182
are characterized by a well defined nucleus with only183
one nucleolus, were in contact (Fig. 4), either directly184

Figure 2 Leptodactylus chaquensis testis architecture during
the reproductive period. Germ cells are arranged in cysts
constituted by: G2: secondary spermatogonia, C1: primary
spermatocytes; C2: secondary spermatocytes; T1: primary
spermatids; T2: secondary spermatids; Z: spermatozoa. I:
interstitium; arrow: Sertoli cell. Toluidine blue.

Figure 3 Seminiferous tubular wall showing a small group
of primary spermatogonia (arrowhead). CS: Sertoli cell; G2:
secondary spermatogonia cyst; T1: primary spermatids cyst;
TBM: tubular basement membrane; Z: spermatozoa cyst.
Haematoxylin–eosin.

Figure 4 Seminiferous tubule section in which a secondary
spermatogonia cyst (G2) associated with a Sertoli cell (arrow)
can be observed. I: interstitium; T1: primary spermatids cyst.
Toluidine blue.

or through cytoplasmic projections, with the tubular 185
basement membrane (Fig. 5). 186
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Figure 5 Sertoli cell (SC) containing spermatozoa (Z) located
close to the tubular lumen (TL). Note the cytoplasmic Sertoli
cell projection (asterisk) to the tubular basal membrane
(TBM). G2: secondary spermatogonia cysts; I: interstitium;
T2: secondary spermatid cyst. Toluidine blue.

Secondary spermatogonia are smaller than primary187
spermatogonia. They are also usually located close to188
the basal wall. These cells showed scarce cytoplasm,189
a large nucleus with less indentation than primary190
spermatogonia and chromatin arranged in cumuli191
(Fig. 4). Mitosis of secondary spermatogonia generates192
cysts of primary spermatocytes, which represent a193
more advanced stage in spermatogenesis. These cells194
undergo the first meiotic division, so that different195
stages of this process can often be observed. Primary196
spermatocytes, whose size was smaller than those197
of their predecessors, presented a large nucleus with198
nuclear material with different compaction degrees199
according to the meiotic phase (Fig. 6A, B).200

As spermatogenesis progresses, secondary sperma-201
tocytes are formed as a result of the first meiotic202
division; these spermatocytes are characteristically203
half the size of that of the primary spermatocytes.204
Many of these germ cells underwent the second205
meiotic division, so that different features of this206

process could be observed (Fig. 7A). Secondary 207
spermatocytes, which do not undergo meiosis, showed 208
scarce cytoplasm while the nucleus, displaced at the 209
cell periphery, and had chromatin granulation close to 210
the nuclear envelope (Fig. 7B). 211

In the cysts constituted by these cells one relevant 212
feature was the presence of intercytoplasmic bridges 213
between the germ cells (Fig. 7B) and the appearance of 214
intercellular spaces (Fig. 7C). 215

The secondary spermatocyte division generated 216
primary spermatids with similar cytoplasmic and 217
nuclear characteristics as in the previous stage. 218
However, in this new population of cells, we could 219
distinguish a structure, associated with the nucleus in 220
a lateral position, that represented the preacrosomal 221
vesicle (Fig. 8A). 222

Between these cells we found intercellular spaces 223
(Fig. 8B) that were more noticeable than the spaces 224
between the secondary spermatocytes. 225

During spermiogenesis, primary spermatids con- 226
tinue their differentiation towards secondary sperm- 227
atids. This process involves cellular and nuclear 228
elongation, condensation of chromatin, which ex- 229
hibited a uniform distribution, and progression of 230
the preacrosomal vesicle to a well defined acrosome 231
located at the apical side of the cell (Fig. 9). 232

After a series of modifications that involved an 233
important reduction in the cytoplasm, the secondary 234
spermatids generated spermatozoa. These cells exhib- 235
ited a head constituted by a highly compacted nucleus 236
surrounded by the acrosome (Fig. 10). In this species, 237
the acrosome had an important size and an arrowhead- 238
like shape. 239

At the same time as flagellum formation, the 240
opening of secondary spermatid cysts could be 241
observed. The cells showed an arrangement in bundles 242
anchored to the Sertoli cells (Fig. 11), which keep in 243
contact with the tubular basement membrane through 244
cytoplasmic projections as shown in Fig. 5. 245

Figure 6 Cyst containing primary spermatocytes at different stages of the first meiotic division. (A) Spermatocytes in prophase
I (asterisk) and metaphase (arrowhead). C2: secondary spermatocytes cyst; SC: Sertoli cell. Toluidine blue. (B) Spermatocytes in
metaphase (arrowhead) and anaphase (arrow). BV: blood vessel; G2: secondary spermatogonia cyst; I: interstitium. Toluidine
blue.
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Figure 7 (A) Secondary spermatocytes (C2) in different
stages of the second meiotic division. Arrowhead: metaphase
II; arrow: telophase; T2: secondary spermatids cyst; TBM:
tubular basement membrane. Haematoxylin–eosin. (B)
Intercellular cytoplasmic bridges (thin arrow) connecting
secondary spermatocytes (C2). C1: primary spermatocytes
cyst; I: interstitium; SC: Sertoli cells. Toluidine blue. (C)
Secondary spermatocytes cyst (C2) showing intercellular
spaces (asterisks). I: interstitium; SC: Sertoli cells; Z:
spermatozoa cyst. Haematoxylin–eosin.

Later, a marked loss of association between the246
spermatozoa and the Sertoli cells took place, thus the247
majority of the gametes became free in the tubular248
lumen (Fig. 12).249

In Leptodactylus chaquensis a noticeable feature250
during spermiation was the fusion between the251
seminiferous tubules and the efferent duct walls to252
form a path for spermatozoan release (Fig. 12).253

Postreproductive period254

During this period all the cells of the germ line255
with the same morphological characteristics of the256
reproductive period could be observed. In general, the257

cysts also maintained their arrangement and location 258
in the tubular wall (Fig. 13). However, the wall of 259
the seminiferous tubules was thinner than that in the 260
reproductive ones due to the presence of a reduced 261
number of cysts. 262

A characteristic to be noted is that during this period 263
only a few free spermatozoa could be observed in the 264
tubular lumen (Fig. 13), which was mostly filled with 265
cysts of gametes that were still bound to the Sertoli 266
cells (Fig 14). 267

Discussion 268

In Leptodactylus chaquensis the gonads are covered 269
by a white tunica albuginea. In contrast, the testes 270
of other species of the Leptodactylidae family such 271
as Physalaemus fuscomaculatus (Aoki et al., 1969), 272
Physalaemus cuvieri (Oliveira et al., 2002, 2003) and 273
Physalaemus nattereri (Oliveira & Zieri, 2005) exhibit 274
a dark brown colouration due to the presence of 275
numerous pigmented cells located in the tunica albu- 276
ginea and in the testicular interstitium. This finding 277
demonstrates the variability of some morphological 278
aspects between species of the same family (Oliveira 279
et al., 2002). 280

Fat bodies have been observed associated with 281
the gonad that show pronounced cyclical changes 282
with a maximal development in the postreproductive 283
period and total regression during the reproductive 284
one (Delgado et al., 1989). The inverse relationship 285
between the development of the gonads and the fat 286
bodies, considered to be a source of lipids necessary 287
for sexual steroid synthesis, is supported by results 288
obtained in some anuran species that show that total 289
regression of the fat bodies is coincident with the high 290
androgen levels (Itoh et al., 1990; Canosa & Ceballos, 291
2002) required for spermatogenesis. 292

Although in general the histomorphological or- 293
ganization of Leptodactylus chaquensis testis and the 294
gametogenic process are similar to those described 295
for other anuran amphibia such as Caudiverbera 296
caudiverbera (Hermosilla et al., 1983), Hyla japonica (Lee 297
& Kwon, 1992), Scinax fuscovarius (Oliveira & Vicentini, 298
1998), Physalaemus cuvieri (Oliveira et al., 2002), Pseudis 299
limellum (Ferreira et al., 2008) and Dendropsophus 300
minutus (Santos & Oliveira, 2008), they also present 301
characteristics of their own. 302

All cells of the germ line are present in the two 303
periods studied. This fact allows us to suggest that 304
Leptodactylus chaquensis could be an amphibian with 305
a potentially continuous reproductive cycle similar 306
to that of other species such as Telmatobius laticeps 307
and Telmatobius pisanoi (Montero & Pisanó, 1990), Hyla 308
pulchella andina (Montero & Pisanó, 1992), Pseudis 309
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Figure 8 (A) Cysts of primary spermatids (T1). Note the presence of preacrosomal vesicles (arrow) adjacent to the nucleus of the
cells. G2: secondary spermatogonia cyst; I: interstitium; SC: Sertoli cell; Z: spermatozoa cyst. Toluidine blue. (B) Intercellular
spaces (asterisks) between primary spermatids (T1). SC: Sertoli cell; Z: spermatozoa. Haematoxylin–eosin.

Figure 9 Secondary spermatids (T2) exhibiting elongated
shape with the nucleus surrounded by the preacrosomal ves-
icle (arrows). BV: blood vessel; C1: primary spermatocytes
cyst; G1: primary spermatogonia, I: interstitium. Toluidine
blue.

limellum (Ferreira et al., 2008), Dendropsophus minutus310
(Santos & Oliveira, 2008). In fact, in Leptodactylus311
chaquensis it has been found that spermiation can312
be obtained under hormonal stimulation at any time313
of the year, a proposal that agrees with the results314
reported for Bufo arenarum (Canosa et al., 2003).315
However, the gonads in the species studied show316
morphometric variations throughout the year. Not317
only the testis but also the seminiferous tubules are318
more developed in the reproductive period than in the319
postreproductive period, in which a reduced number320
of cysts and few free spermatozoa were observed in321
the tubular lumen.322

The relationship between germ cells and Sertoli323
cells during spermatogenesis has a functional signi-324
ficance. Among other functions, these somatic cells325
are responsible for generating a microenvironment326
appropriate for germ cell development, as they327
constitute the hematotesticular barrier that enables the328
maintenance of the different composition of blood and329
testicular fluid (Santos & Oliveira, 2008).330

Figure 10 Spermatozoa (Z) anchored to the cytoplasm of the
Sertoli cell (SC). Arrow: spermatozoa nucleus; arrowhead:
acrosome; I: interstitium. Toluidine blue.

Figure 11 Open cyst of secondary spermatids (T2) anchored
to the Sertoli cell (arrow) adjacent to the tubular basement
membrane (TBM). BV: blood vessel; I: interstitium; Z:
spermatozoa cysts. Haematoxylin–eosin.

According to our observations, in Leptodactylus 331
chaquensis the different types of cysts are not 332
distributed randomly, as reported for Physalaemus 333
cuvieri (Oliveira et al., 2002). In fact, in the two 334
periods studied, the different types of cysts showed 335
a predominant localization in certain areas of the 336
wall of the seminiferous tubules according to the cell 337
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Figure 12 Displacement of spermatozoa (Z) from the
seminiferous tubule (ST) to the efferent duct (ED). Note
the path formed by the fusion of the tubular wall with the
efferent duct wall (arrowhead). I: interstitium; TL: tubular
lumen. Haematoxylin.

Figure 13 Arrangement of the seminiferous tabules of
L. chaquensis testis during the postreproductive period.
The image shows: G2: secondary spermatogonia cyst; C1:
primary spermatocytes cyst; C2: secondary spermatocytes
cyst; SC: Sertoli cell; T1: primary spermatids cysts; TBM:
tubular basement membrane; Z: spermatozoa cysts. Asterisk:
free spermatozoa; Haematoxylin–eosin.

developmental stage. Thus, cysts of the first stage of338
spermatogenesis are located in the basal zone while339
most of the cysts that contain cells at the last stages of340
differentiation are located towards the tubular lumen.341

Primary spermatogonia, which are present in both342
periods studied, indicate the existence of a continuous343
source of germ cells. In contrast with the results344
reported for Rana esculenta (Rastogi et al., 1985) and345
Pachymedusa dacnicolor (Rastogi et al., 1988), in which346
dark and clear primary spermatogonia were described,347
in Leptodactylus chaquensis only one class that could348
be identified. Our observations are in agreement349
with those described for Bufo arenarum (Cavicchia350
& Moviglia, 1983), Hyla ranki (Taboga & Dolder,351
1991), Scinax fuscovarius (Oliveira & Vicentini, 1998),352
Physalaemus cuvieri (Oliveira et al., 2002), Dendropsophus353
minutus (Santos & Oliveira, 2008) and Pseudis limellum354
(Ferreira et al., 2008).355

Figure 14 L. chaquensis testis during the postreproductive
period. Section of a seminiferous tubule showing C1:
primary spermatocytes cyst; SC: Sertoli cells; TBM: tubular
basement membrane; Z: spermatozoa cysts. Haematoxylin–
eosin.

Secondary spermatogonia, cells that are already 356
forming cysts, do not exhibit great morphological 357
differences with their predecessors. Primary sperma- 358
tocytes show all phases of the first meiotic division, 359
even though a predominance of the prophase stage 360
could be observed, as reported for Dendropsophus 361
minutus (Santos & Oliveira, 2008). With respect to 362
secondary spermatocytes, although in the two periods 363
studied stages of the second meiotic division could be 364
seen, these cells were more often visible during the 365
reproductive period, a finding that indicated greater 366
gametogenic activity. 367

One remarkable feature, described as far as we 368
know for the first time in amphibia, is the presence 369
of intercellular bridges between the spermatocytes, in 370
agreement with data reported for fish (Lo Nostro et al., 371
2003) and mammals (Guo & Zheng., 2004; Miething, 372
2010). This intercellular communication between germ 373
cells would allow molecular exchange (Gilbert, 2000) 374
that could be involved in the synchronization of 375
the spermatogenic process. Our observations revealed 376
the presence of intercellular spaces, which gradually 377
appeared from spermatocyte stages and became more 378
evident in those cysts constituted by spermatids as 379
described for other amphibian species (Hermosilla 380
et al., 1983; Ferreira et al., 2008). Even if the inter- 381
cellular spaces increased in size as spermatogenesis 382
progressed, in Leptodactylus chaquensis they did not 383
become joined to form a central vacuole as reported 384
by Lofts (1974) for Rana temporaria. 385

The transformations of spermatids into spermatozoa 386
determined the formation of a gamete characterized 387
by a large acrosome easily observed under the 388
optical microscope. This particular characteristic is an 389
advantage as it allows the following of the process 390
of acrosome reaction after in vitro induction (Raisman 391
et al., 1980). 392
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As in the case of most anamniotes, sperm release393
occurs after the rupture of the cyst wall (Pudney, 1995).394
One point to be emphasized, reported for the first time395
in amphibians, is the opening of a route resulting from396
the fusion of the seminiferous tubules with the efferent397
duct walls, which enables gamete transport during398
spermiation. Sperm progression toward the efferent399
duct would be favoured by the contraction of the400
miode cells present around the tubules.401

In conclusion, although during the summer months402
(reproductive period) testicular activity is more403
remarkable, Leptodactylus chaquensis exhibits spermato-404
genic activity throughout the year, an observation that405
suggests that this species potentially has a continuous406
reproductive cycle.407

The results described in this work would establish408
the bases for further molecular mechanism studies409
aimed at a better understanding of gonadal functions.410
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