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RESUMO.- [Morfometria, estimativa e ultraestrutura da 
população folicular ovariana preantral de cutia (Dasy-
procta leporina).] O objetivo deste trabalho foi caracteri-
zar a população folicular ovariana pré-antral em cutias (D. 

leporina) estimando o número de folículos em cada cate-
goria de desenvolvimento, e também descrever a morfo-
metria e as características específicas do folículo e oócito 
usando microscopia de luz e eletrônica de transmissão. 
O comprimento de cada ovário foi medido utilizando um 
paquímetro, seccionados longitudinalmente em duas me-
tades e ambos foram imediatamente fixados para realizar 
a estimativa da população folicular e análise ultraestru-
tural. A média (±S.E.M.) da população folicular por par de 
ovário foi estimada em 4419,8±532,26 e 5397,52±574,91 
nos ovários direito e esquerdo, respectivamente, mas não 
foram observadas diferenças entre eles. Os diâmetros 
dos folículos, oócito e núcleos, respectivamente, foram: 
18,62±3,40μm, 12,28±2.37μm e 6,10±0,93μm para primor-

Estimation, morphometry and ultrastructure of ovarian preantral 
follicle population in agouti (Dasyprocta leporina)1

Erica A.A. Santos2, Gabriela L. Lima3, Erica C.G. Praxedes2, Andréia M. Silva2, Keilla 
M. Maia2, Moacir F. Oliveira2, Ana Paula R. Rodrigues4 and Alexandre R Silva2*

ABSTRACT.- Santos E.A.A., Lima G.L., Praxedes E.C.G., Silva A.M., Maia K.M., Oliveira M.F., 
Rodrigues A.P.R. & Silva A.R. 2018. Estimation, morphometry and ultrastructure of 
ovarian preantral follicle population in agouti (Dasyprocta leporina). Pesquisa Veteri-
nária Brasileira 38(1):175-182. Laboratório de Conservação de Germoplasma Animal, Uni-
versidade Federal Rural do Semi-Árido, BR-110 Km 47, Presidente Costa e Silva, Mossoró, 
RN 59625-900, Brazil. E-mail: legio2000@yahoo.com

The aim of this study was to characterize the preantral ovarian follicular population in 
agoutis (D. leporina) by estimating the number of follicles at each developmental category, 
and also describe the morphometry and the specific features of the follicle and the oocyte by 
using light and transmission electron microscopy. The length of each ovary was measured 
using a caliper rule, longitudinally sectioned into two halves and both were immediate-
ly fixed to perform the estimation of follicular population and ultrastructural analysis. The 
mean (±S.E.M.) population of follicular per pair of ovary was estimated at 4419.8±532.26 and 
5397.52±574.91 for right and left ovaries, respectively, but no differences were observed be-
tween them. The diameters for follicles, oocyte and nuclei were: 18.62±3.40μm, 12.28±2.37μm 
and 6.10±0.93μm for primordial, 23.75±5.70μm, 14.22±3.00μm and 6.70±1.24μm for prima-
ry and 88.55±17.61μm, 52.85±17.56μm and 22.33±17.61μm for secondary follicles, respec-
tively. The most of the follicles found belonged to the primordial category (86.63%), followed 
by primary (13.01%) and secondary (0.35%) one. Additionally, polyovular follicles were ob-
served in all the animals and they represented 7.51% of the total follicles counted. The ultra-
structural analysis showed that the oocyte presented a central and regular nuclei, displaying 
a homogenous mass. Among the organelles, the mitochondria were the most abundant and 
the oocyte Golgi apparatus was rarely observed. In conclusion, this work shows for the first 
time the characterization of the population of preantral follicles in the ovary of Dasyprocta 
leporina. Those information will be useful for further development and adaptation of biotech-
niques such as germplasm cryopreservation and in vitro gametes manipulation.
INDEX TERMS: Morphometry, ultrastructure, ovarian preantral follicles, agouti, Dasyprocta leporine, 
ovarian tissue, follicles.

1 Received on June 23, 2017.
Accepted for publication on August 2, 2017.

2 Laboratório de Conservação de Germoplasma Animal, Universidade 
Federal Rural do Semi-Árido (Ufersa), BR-110 Km 47, Presidente Costa e 
Silva, Mossoró, RN 59625-900, Brazil. *Corresponding author: legio2000@ 
yahoo.com

3 Departamento de Medicina Veterinária, Universidade Federal de Rorai-
ma, Campus Cauamé, BR-174 KM 12, Monte Cristo, Boa Vista, RR 69300-
000, Brazil.

4 Laboratório de Manipulação de Oócitos e Folículos Pré-antrais, Univer-
sidade Estadual do Ceará, Av. Paranjana, 1700, Itaperi, Fortaleza, CE, Brazil.



Pesq. Vet. Bras. 38(1):175-182, janeiro 2018

176 Erica A.A. Santos et al.

dial, 23,75±5,70μm, 14,22±3,00μm e 6,70±1,24μm para pri-
mário e 88,55±17,61μm, 52,85±17,56μm e 22,33±17,61μm 
de folículos secundários. A maioria dos folículos encontra-
dos pertencia à categoria primordial (86,63%), seguido 
pelo primário (13,01%) e um secundário (0,35%). Adi-
cionalmente, os folículos poliovulares foram observados 
em todos os animais e representavam 7,51% do total de 
folículos contados. A análise ultra-estrutural mostrou que 
o oócito apresentou núcleos centrais e regulares, exibindo 
uma massa homogênea. Dentre as organelas, as mitocôn-
drias foram as mais abundantes e o aparelho de Golgi do 
oócito foi raramente observado. Em conclusão, este traba-
lho mostra pela primeira vez a caracterização da população 
de folículos pré-antrais do ovário da Dasyprocta leporina. 
Essas informações serão úteis para o desenvolvimento e 
adaptação de biotécnicas, como a criopreservação de ger-
moplasma e manipulação de gametas in vitro.
TERMOS DE INDEXAÇÃO: Morfometria, ultraestrutura, população 
folicular ovariana preantral, cutias, Dasyprocta leporina, tecido 
ovariano, folículos.

INTRODUCTION
The agouti (Dasyprocta sp.) is a Neotropical hystricomor-
ph rodent of the Caviidae family that presents an impor-
tant role on the spread of many plant species. Due to the 
interest on its meat and the destruction of it habitat, its 
population has been reduced along the years (Hosken & 
Silveira 2001). In this context, captive breeding programs 
are important not only for providing an alternative source 
of protein for humans, but also for preserving the species 
(Nogueira & Nogueira-Filho 2011). Besides, conservative 
studies conducted in non-threatened agouti species such 
as Dasyprocta leporina could be extrapolated for those en-
dangered ones such as the D. ruatanica, D. coibae and D. me-
xicana (IUCN 2016).

In order to improve its performance under captivity, 
several studies are focusing on the improvement of kno-
wledge about the reproductive biology of the agouti, such 
as placentation (Rodrigues et al. 2003) and morphological 
and morphometric studies of female reproductive organs 
(Almeida et al. 2003, Fortes et al. 2005). However, reports 
concerned on the development and application of biote-
chniques are still scarce (Mollineau et al. 2008, Silva et al. 
2011, Castelo et al. 2014), especially those focused on fe-
males (Wanderley et al. 2012). Thus, the development of 
studies related to the quantitative and qualitative aspects 
of ovarian follicles population, reported to other rodent’s 
species as Spix’s yellow-toothed cavy - Galea spixii (Praxe-
des et al. 2015) and Coypu - Myocastor coypus (Felipe et al. 
1999) could contribute to the efforts for the formation of 
cryobanks derived from female genetic material.

In this context, the knowledge of specific morphometric 
and ultrastructural characteristics of ovarian follicles is a 
significant step toward the development of reproductive 
technologies, mainly those involving pre-antral follicles 
(PFs) (Lopes et al. 2006). The PFs are a great source of fe-
male germplasm and represents about 95% of the ovarian 
follicles, being possible the use of this source in many as-
sisted reproductive techniques (Jimenez et al. 2016). Once 

ovary of the hystricomorphs has marked interspecific va-
riation (Weir & Rowlands 1974), it is important to quantify 
and characterize the D. leporina PFs and it will be useful 
for the development of future technologies to preserve this 
species and its preservation would contribute to the efforts 
to form cryobanks (Santos et al. 2010).

The aim of this research was to characterize the prean-
tral ovarian follicular population in agoutis (D. leporina) by 
estimating the number of follicles at each developmental 
category, and to describe the morphometry and the speci-
fic features of the follicle and the oocyte by using light and 
transmission electron microscopy.

MATERIALS AND METHODS
Animals. The ethics committee of the UFERSA approved the 

experimental protocols as well as the animal care procedures 
used (Process nº 23091.002752/2011-08). The animals belon-
ged to the Centre of Multiplication of Wild Animals from UFERSA 
(Mossoró, RN, Brazil; 5°10’S, 37°10’W). The climate is typical se-
miarid, with an average annual temperature of 27°C. Nowadays, 
this center shelters a population of 180 Dasyprocta leporina in-
dividuals, and a programmed slaughter is conducted every year 
for population control. The animals are destined for several ex-
periments. For the present research, a total of 11 mature fema-
les aging 2.5 years old, weighting 2.42±0.19 (minimal 2.21 and 
maximal 2.70 kg) were used. The animals were kept in captivity 
and were fed with fruits, balanced ration produced at UFERSA and 
water ad libitum.

Source and preparation of ovaries. Pairs of ovaries from 
females agouti (n=11) were removed aseptically following slau-
ghtering. The ovaries were rinsed once with 70% ethanol for 10 
s, twice in sterile phosphate-buffered saline (PBS) and eventual 
corpora lutea were excised using a scalpel. The length of each ova-
ry was measured using a caliper rule. Ovaries were cut longitudi-
nally into two halves that were immediately fixed in Carnoy for 4 
hours.

Histological analysis. After fixation in Carnoy for 4 hours, the 
ovarian half was dehydrated in a graded series of ethanol, clari-
fied with xylene, embedded in paraffin wax and serially sectioned 
at 7 µm. Every 60th section was mounted on glass slides, stained 
with hematoxylin-eosin and evaluated by light microscopy at a 
100 × magnification (Carl Zeiss Optical Inc., Chester, USA). Prean-
tral follicles presenting visible nuclei were defined as an oocyte 
surrounded by either one layer of flattened or cuboidal granulosa 
cells, or several layers of cuboidal granulosa cells with no antrum 
and classified as primordial, primary and secondary according to 
Silva et al. (2004). At the evaluation moment, images were recor-
ded by microphotographs.

Follicular population estimation. The entire ovary was used 
to perform the estimation of follicular population. The preantral 
follicles were counted for quantitative assessment in all the glass 
slides. The follicular measurements were conducted by using an 
ocular micrometer. The average of two perpendicular measure-
ments from the outer layer of granulosa cells and of the oocyte 
was used as a measurement of follicle and oocyte diameter, res-
pectively. The measurements were made only on follicles with a 
visible oocyte nucleus. The PF population was estimated by using 
a formula described by Lucci et al. (1999), based on a correction 
factor reported by Gougeon & Chainy (1997). The formula is des-
cribed as follows:

PF Population = Nº of follicles X Nº of sections obtained x Thickness of sections
 Nº of sections observed x Mean of oocyte nuclei diameter.
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Assessment of preantral follicles integrity. The PFs were 
identified and classified by light microscopy (100x) according to 
their integrity. Follicular morphology was evaluated based on the 
integrity of the oocyte, granulosa cells and basement membrane. 
PFs were classified and counted as morphologically normal, when 
the oocyte nucleus and an intact oocyte was present surrounded 
by granulosa cells that were well organized in one or more layers , 
and organized layers of granulosa cells, or atretic, when the oocyte 
exhibited pycnotic nucleus and/or ooplasma shrinkage, and occa-
sionally granulosa cell layers became disorganized, and/or inclu-
ded enlarged cells. To avoid evaluating and counting a follicle more 
than once, preantral follicles were analyzed only in the sections 
where oocyte nucleus were observed (Lopes et al. 2009).

Ultrastructural analysis. To better examine the follicular mor-
phology, transmission electron microscopy (TEM) was performed 
to analyze the PF ultrastructure, according to Oliveira et al. (2008) 
with some modifications. A portion with a maximum dimension 
of 1 mm3 was cut from the ovary and fixed in glutaraldehyde solu-
tion 0.1 M (pH 7.2) at room temperature (RT, approximately 25°C). 
Further, specimens were post-fixed in 2% osmium tetroxide, in 
0.1 M sodium cacodylate buffer for 2 h at RT. The samples were 
then dehydrated in ethanol (three washes of 15 min at each one), 
followed by two washes of 15 min at propylene oxide. After this, 
samples were embedded in a propylene oxide and Spurr’s resin 
solution (1:1) for 8 h, thereafter maintained in Spurr’s epoxy re-
sin, overnight. Then, specimens were embedded in Spurr’s resin 
at 60°C for 48 h, after that they were kept at room temperature. 
Semi-thin sections (0.5 µm) were cut, stained with toluidine blue 
and analyzed by light microscopy at a 400x magnification. Ultra-
-thin sections (60–70 nm) were obtained from preantral follicles 
classified as morphologically normal in semi-thin sections, accor-
ding to the criteria adopted in histology. Subsequently, ultra-thin 
sections were contrasted with uranyl acetate and lead citrate and 
examined under a Morgagni 268 D (FEI Company, Hillsboro, USA) 
transmission electron microscopy operating at 80 kV.

Statistical analysis. Eleven replicates were conducted. The 
comparison of follicular population among the follicular classes, 
as well as the comparisons of diameters of follicles, oocytes and 
oocyte’s nuclei among the follicular classes were performed by 
ANOVA one way. Data were expressed as mean and standard error 
of means (SEM). Values were considered statistically significant 
when p< 0.05.

RESULTS
The mean of the length of the left and the right ovary was 
1.05±0.09 and 1.04±0.07cm respectively. The Dasyprocta 
leporina ovaries were characterized as ovoid bodies, relati-
vely symmetric, with a smooth surface where the growing 
follicles were observed as translucids bodies.

At histology, the ovary present one external layer of 
cuboidal cells, characterizing the germinative epithelium. 
Immediately below, a region formed by dense conjunctive 
tissue, with a few blood vessels, the tunica albuginea, was 
observed. Below this, there was a layer of conjunctive tissue 
forming the stroma, which contains the follicles. Scattered 
smooth muscle fibers appeared in the stroma around the 
follicles (Fig.1). All females had at least one functional corpo-
ra lutea (CL) and a higher number of accessory CL, characte-
rized by the presence of an inner oocyte or remnants of zona 
pelucida and its smaller-size compared to functional CL.

The primordial follicles (Fig.2A) were characterized by 
an oocyte surrounded by one layer of squamous or squa-
mous-cuboidal granulosa cells. These primordial follicles 

Fig.2. Histological features of agouti (Dasyprocta 
leporina) ovary. (A) Primordial follicles (ar-
rows) displaying an oocyte with a large nu-
cleus, surrounded by one layer of flattened 
cells. (B) Primary follicle (arrows) characte-
rized by an oocyte displaying a large nucleus 
and homogenous cytoplasm surrounded 
by one complete layer of cuboidal granulo-
sa cells. (C) Secondary follicle showing two 
or more layers of cuboidal granulosa cells. 
Note the theca interna formed by elongated 
and fusiform cells appearing as concentric 
layers externally at the granulosa layers. (D) 
Polyovular follicles (arrow) containing two 
oocytes surrounded by only one layer of gra-
nulosa cells. Scale bar = 50µm.

Fig.1. Histological assessment of ovary of Dasyprocta leporina. 
Germinative epithelium (arrow), tunica albuginea (*), stroma 
(S) and follicles (full narrows). 40x. Scale bar = 50µm.
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were found in the cortex just beneath the tunica albuginea. 
Primary follicles (Fig.2B) were situated in the periphery of 
the cortex, presenting a single layer of cuboidal granulosa 
cells surrounding the oocyte. Secondary follicles (Fig.2C) 
had an oocyte surrounded by two or more concentric 
layers of cuboidal granulosa cells; between those structu-
res, the zona pellucida was observed. Externally the granu-
losa cells, the internal theca was formed by elongated and 
fusiform cells appearing as concentric layers.

Polyovular PFs were observed in all the animals and 
they were more frequently present in primordial follicles. 
They represented 7.51% of the total PFs counted (Fig.2D).

A total of 4419.8±532.26 and 5397.52±574.91 PFs 
were estimated as the population in right and left ovary of 
D. leporina respectively, but no differences were observed 
between them. The follicular population in each category 
was also estimated and the results are shown in Table 1. It 
was verified differences among all the categories. The most 
of the follicles found belonged to the primordial category 
(86.63%), followed by primary (13.01%) and secondary 

(0.35%) ones. According to the follicular measurements, 
secondary PFs presented larger diameter of follicle, oocyte 
and nucleus than the other PFs (Table 2).

The vast majority of PFs were morphologically normal 
(70.78%) and only 29.22% were atretic (Fig.3). Morpho-
logically normal PFs showed a spherical oocyte with a lar-
ge (eosinophilic) central or eccentric nucleus and uniform 
cytoplasm. Granulosa cells without pycnotic nuclei were 
well-organized in layers surrounding the oocyte, and a 
distinguishable intact basement membrane was observed. 
Atretic follicles showed a retraced oocyte with or without 
a pycnotic nucleus (Fig.3). Granulosa cells remained unal-
tered or became disorganized, and they were sometimes 
swollen and/or detached from the basement membrane. 
Occurrence of pycnotic bodies in granulosa cells or rupture 
of the basement membrane were not observed.

The electron microscopy study revealed that initial PFs 
contain immature oocytes presenting a distinct nucleus, with 
a very regular aspect. The chromatin is arranged as euchroma-
tin; however, few heterochromatin clumps were found scatte-
red through the nucleus mainly near nuclear membrane. The 
nucleolus was distinct and central. The oocyte cytoplasm sho-
wed several rounded mitochondria dispersed through it and 
some vacuoles and the Golgi apparatus was well developed 
and concentrated in one pole of the cell. (Fig.4).

Lipid droplets were common and few profiles of endo-
plasmic reticulum were found, associated with it and with 
mitochondria. Flattened or cuboidal granulosa cells as-

Fig.3. Histological features of agouti (Dasyprocta leporina) ovary. 
Atretic follicles presenting oocyte shrinkage (arrows). Scale 
bar = 50µm.

Fig.4. Electron micrographs of preantral ovarian follicles of Dasy-
procta leporina. Note the presence of oocyte nuclei (ON), nu-
cleolus (n), lipid droplets (Li), mitochondria (m), Golgi appa-
ratus (GA), vacuoles (*), and a granulosa cell (GC).

Table 2. Diameter of ovarian preantral follicles, oocytes and 
its nuclei (µm) in agoutis (Dasyprocta leporina), according 

to follicle categories (Mean ± standard error)

 Category Follicle Oocyte Nuclei

 Primordial 18,62±3,40B 12,28 ± 2,37C 6,10±0,93C

 Primary  23,75±5,70B 14,22±3,00B 6,70±1,24B

 Secondary 88,55±17,61A 52,85±17,56A 22,33±17,61A

A,B,C At the same row different superscript demonstrates significant diffe-
rences (P<0.05).

Table 1. Estimation of ovarian preantral follicular population (Mean ± standard 
error) in agoutis (Dasyprocta leporina)

 Follicle Follicle population Minimum  Percentage of follicles
 category (Mean ± standard error) – Maximum (%)
  Right Left  Right Left

 Primordial 3692.94±467.61a 4744.2±543.17a 305.17–2198.84 85.51 87.76
 Primary 708.63±129.37b 683.27±96.41b 11.09–343.89 14.12 11.90
 Secondary 18.23±3.79c 15.05±6.56c 0–20.63 0.37 0.34
 Total 4419.8±532.26 5397.52±574.91 1123.19–3692.22 100.00 100.00
 a,b,c At the same column, different superscripts demonstrate significant differences (P<0.05).
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sociated with the oocyte presented a dark nucleus where 
heterochromatin was abundant; the granulosa cells (GC) 
cytoplasm was dark due to several free ribosomes, mito-
chondria was also common. In addition, some intercellular 
junctions between GCs, presenting electron-dense aspect 
were observed. Also pinocytotic vesicles protrude into the 
ooplasm from one GC the other (Fig.5).

DISCUSSION
The present study is the first research characterizing and esti-
mating the ovarian preantral follicle population in one (Dasy-
procta leporina) from the various agouti species. The agouti 
ovary presented yellow color, with a smooth surface contai-
ning translucent areas suggestive of developing follicles, in 
which corpora lutea and growing follicles did not protrude 
above the surface, similar to the previously descriptions in 
the same species (Almeida et al. 2003) and in paca (Cunicu-
lus paca, Reis et al. 2011). The constituent cell types of the 
D. leporina ovary were similar to those described for other 
hystricognath rodents (Praxedes et al. 2015), including the 
wild black agouti (Dasyprocta fuliginosa, Mayor et al. 2011).

Although the presence of a great amount of interstitial 
tissue among the agouti ovary was observed, there was no 
evidence of the hypertrophied interstitial gland cells as 
described for other rodents such as the viscacha (Lagos-
tomus maximus, Gil et al. 2007) and the chinchilla (Chin-
chilla lanigera, Sánchez-Toranzo et al. 2014). Almeida et al. 
(2003) previously described the absence of those structu-
res in D. agouti.

A large amount of accessory CLs was verified in agoutis, 
as described for plains viscacha (Jensen et al. 2006), paca 
(Reis et al. 2006), and chinchillas (Sánchez-Toranzo et al. 
2014). Such structures were previously identified by Weir 
(1971) that distinguished accessory from functional CLs 
by the smaller size and presence of a degenerating oocyte 
or remnants of the zona pellucida. Its origin is well docu-
mented in wild black agoutis, being suggested that some 
antral follicles are selected to complete its growth and after 
ovulation, these follicles luteinize resulting in functional 
CL, while many follicles from which ovulation did not oc-
cur will transform to accessory CL by luteinization of the 

membrane granulosa (Mayor et al. 2011). The authors hy-
pothesized that the presence of accessory CL is important 
for the maintenance of gestation and maybe essential for 
the continuous hormonal production. Studies related to the 
role of the accessory CLs on the progesterone profile in D. 
leporina pregnancy are still required.

The PF population found for D. leporina is greater than 
that reported for other hystricognath rodent, the Galea spi-
xii cavy (416.0 ± 342.8 follicles – Praxedes et al. 2015). Also 
in cavy species, the great majority of PFs were classified as 
primary ones (63.7%), different to that found for agoutis 
in which most of PFs were primordial. This is an eviden-
ce of an interspecific variation, as previously suggested by 
Weir & Rowlands (1974) for the reproductive aspects of 
hystricomorphic rodents. Moreover, the variation found 
among agouti individuals regarding their PF population is 
largely different from that described for mice, which varies 
from 2,000 (Mcclellan et al. 2003) to 10,000-15,000 PFs per 
ovarian pair (Dean 2002) in adult individuals. These dis-
crepancies may be attributed to the phylogenetic distance 
between agoutis and mice that belong to different infraor-
ders (Reis et al. 2006). Despite valuable studies regarding 
ovarian characteristics of hystrichomorphics (Mayor et al. 
2011, Santos et al. 2014) were reported, little information is 
available regarding its PFs population, making it difficult to 
confront the results obtained. Further studies are required 
to investigate the relation between the PF population and 
the ovulation rate, once this information is not available.

In agoutis, a relative high atresia rate was found (29.22%), 
when compared to other rodents as the cavies (5.4%; Praxe-
des et al. 2015). In fact, as previously described for mice, the 
selection of potentially ovulatory follicles occurs before the 
antral phase of follicular development, which may be possi-
ble related to the PF population and atresia rate. Moreover, 
individuals with a reduced follicular population usually pre-
sent low rates of follicular atresia and high rates of follicular 
recruitment (Campos-Júnior et al., 2012). These statements 
could explain the high atresia rate in agoutis, since the spe-
cies presents an elevated PF population, but only a low num-
ber of growing follicles, when compared to other hystricog-
nath rodent, the cavy (Praxedes et al. 2015).

Fig.5. Electron micrographs of Dasyprocta leporina ovarian follicles. (a) ON = oocyte nuclei, Li = li-
pid droplets, mitochondria (m). (b) GCN = granulosa cell nuclei, GCC = granulosa cell cytoplasm, 
intercellular junctions (arrows) between granulosa cells; pinocytotic vesicles from one GC the 
other (arrowhead).
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As in other rodent species as the chinchilla (Sánchez-To-
ranzo et al. 2014) and the cape porcupine – Hystrix africa-
eaustralis (Van Aarde & Skinner 1986), most of the follicles 
observed in agoutis consisted of a large reserve of quies-
cent primordial follicles and only a small number of PFs 
were in the growing phase. The smallest follicles (primor-
dial and primary) were arranged as groups, forming clus-
ters within the connective tissue, similarly as described for 
rats (Hirshfield 1989) and chinchillas (Sánchez-Toranzo et 
al. 2014). It is well known that the ovarian cortex contains 
thousands to millions of primordial follicles that constitute 
the ovarian reserve from which follicles are engaged for de-
velopment (Paulini et al. 2014).

The presence of polyovular PFs was verified in the ova-
ries of agouti. In mammalian species the majority of ovarian 
follicles usually contain only one oocyte, but the presence of 
follicles containing more than one oocyte has been descri-
bed in many species, including some rodents as the plains 
viscacha (Flamini et al. 2009), and the chinchilla (Sánchez-
-Toranzo et al. 2014). These follicles may form during the 
earliest stages of follicle differentiation, due to an imbalance 
between somatic and germinal cells, which induces an in-
complete germ cell cyst breakdown. In polyovular follicles, 
the quality of the various oocytes is often heterogeneous. 
Numerous authors reported that polyovular follicles are 
able to reach ovulation and ovulate (Reynaud et al. 2010), 
but their destiny in agoutis remains to be elucidated.

Regarding morphometry, we verify that agoutis PFs 
present a smaller follicle, oocyte and nuclei diameter than 
those reported for other rodents, as the coypu (Felipe et 
al. 1999), and the chinchilla (Sánchez-Toranzo et al. 2014). 
However, it is similar to the cavies’ PFs diameter (Praxe-
des et al. 2015). These statements evidence the marked 
interspecific variation reported for hystricomorphic ro-
dents with respect to their reproductive features (Weir & 
Rowlands 1974).

The ultrastructural analysis showed that the agouti 
oocyte presented a central and regular nuclei, displaying a 
homogenous mass, similar to the features described for mice 
(Chouinard 1971), but different from hamster (Takeuchi et 
al. 1984) and rat (Antoine et al. 1987), in which the oocyte 
nucleoli become a compact homogenous mass at the antral 
follicle stage (Sutovskỳ et al. 1993). It was previously repor-
ted that nucleolar compaction during oogenesis does not 
occur at the same stage in all species and those differences 
are correlated with a decrease in RNA synthesis along the 
follicular development (Antoine et al. 1989). The chromatin 
compartmentalization is related to the ribonucleoprotein 
and deoxyribonucleoprotein activities and to the nuclear 
organization of gene expression (Zuccotti et al. 2005).

The organelles were uniformly distributed throughout 
the oocyte cytoplasm. This characteristic was different 
from those described for mouse oocytes within germ cell 
cysts and primordial follicles, which presented groups of 
organelles close to the nucleus, named Balbiani bodies. The 
round-shaped mitochondria was the most abundant or-
ganelle found in D. leporina oocytes, in fact, the germinal 
vesicle stage oocytes commonly possess round-shaped mi-
tochondria (Eichenlaub-Ritter et al. 2011) which are kno-

wn to be an immature form of mitochondria and develop 
to an elongated shape as they become mature (Fair et al. 
1997). This organelle plays functional relationships with 
other organelles during maturation and early development 
(Dumollard et al. 2004). Studies indicate a physiological 
relationship between mitochondria and endoplasmic re-
ticulum, in which the mitochondria would provide ener-
gy for the regrowth and activity of endoplasmic reticulum 
(Bernhard & Rouiller 1956). In most mammalian species, 
it is common the association of these organelles and lipid 
droplets, which was also an abundant organelle in agouti. 
Biochemical studies demonstrated the requirement of en-
zymatic activity associated with the endoplasmic reticulum 
and mitochondria in the synthesis of lipids, such as those 
stored on lipid droplets (Raturi & Simmen 2013).

As described for another hystricognath rodent, (Praxe-
des et al. 2015), Golgi apparatus of oocytes enclosed in D. 
leporina PFs is rare, but when found, they were well deve-
loped and located in one pole of the cell. According to Mon-
dadori et al. (2010), the location of this organelle into the 
oocyte varies according to the follicle development and it 
appears to be more developed in growing follicles than in 
the early PFs, consistent with the higher metabolism and 
requirement for protein and lipids of those oocytes (Paulini 
et al. 2014).

Some electron-dense structures connecting granulose 
cells were identified by TEM in agoutis early PFs. The pre-
sence of adhesion zones (Lima et al. 2013) and desmoso-
me-like junctions (Nili et al. 2004) connecting granulosa 
cells were also observed in other mammalian species. The 
existence of cellular junctions between granulosa cells 
and oocyte enclosed into early PFs promotes the transfer 
of nutrients and metabolites to the oocyte and introdu-
ces low molecular weight signaling molecules that are 
essential for normal oocyte development (Santos et al. 
2011). The transference of those substances also seemed 
to be performed by pinocytotic vesicles, once the presen-
ce of them protruding into the ooplasm from one GC to 
the other was observed in agoutis, similar as described 
for Ostrich (Struthio camelus, Madekurozwa & Kimaro 
2008) oocytes, where amorphous material was observed 
in the intercellular spaces of granulosa cells in primordial 
follicles. Further researchers may be performed to clarify 
that the endocytic process involved in the transfer of mo-
lecules, such as very low-density lipoprotein, is receptor-
-mediated.

Different from rats (Odor 1960), mice (Oakberg 1979) 
and guinea pigs (Adams & Hertig 1964) no evident zona 
pellucida was observed at the primary follicle stage, but 
only in secondary ones in agoutis. Finally, general ovarian 
features found in this study are in concordance with pre-
vious studies conducted in the same species (Almeida et al. 
2003).

CONCLUSION
We provided fundamental information regarding the popu-
lation of preantral follicles in the ovary of Dasyprocta lepo-
rine, which will be useful for a better understanding of the 
folliculogenesis in this species, and for a further develop-
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ment and adaptation of assisted reproductive techniques 
for its multiplication and conservation.
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