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Abstract: The sustainability and production of collared peccary (Pecari tajacu) has been studied in the last few 
years; however, further information on its reproduction is necessary for breeding systems success. Understanding 
folliculogenesis aspects will contribute to effective reproductive biotechniques, which are useful in the preserva-
tion and production of wildlife. The aim of this study was to evaluate the ovarian folliculogenesis in collared 
peccary. Ovaries from six adult females of collared peccary were obtained through ovariectomy and analyzed. 
These were fixed in aqueous Bouin’s solution and sectioned into 7µm slices, stained with hematoxilin-eosin 
and analyzed by light microscopy. The number of pre-antral and antral follicles per ovary was estimated using 
the Fractionator Method. The follicles, oocytes and oocyte nuclei were measured using an ocular micrometer. 
Results showed that the length, width, thickness, weight, and the gross anatomy of the right and left ovaries were 
not significantly different. However, the mean number of corpora lutea was different between the phases of the 
estrous cycle (p<0.05), with the highest mean in the luteal phase. Primordial follicles were found in the cortex; 
the oocytes were enveloped by a single layer of flattened follicular cells. In the primary follicles, proliferation 
of the follicular cells gave rise to cuboidal cells (granulosa cells). The secondary follicle was characterized by 
two or more concentric layers of cuboidal cells (granulosa), beginning of antrum formation, and the presence 
of pellucid zone and theca cells. Antral follicles were characterized by a central cavity (antrum), the presence 
of cumulus oophorus and theca layers (interna and externa). In the right ovary, the values of the primordial and 
primary follicles were similar, but significantly different from the secondary ones (p<0.05). In the left ovary, 
significant differences were observed between all follicles in the follicular phase (p<0.05); the mean number 
of primordial and primary follicles was similar in the luteal phase. The mean number of pre-antral follicles and 
antral follicles in the follicular phase was higher in the left ovary (p<0.05). The mean number of antral follicles 
in the luteal phase was similar in both ovaries. We also found significant differences in mean diameter of pre-
antral follicles, oocyte, granulosa layer and oocyte nucleus during the estrous cycle. In the antral follicles a 
significant difference was observed only in follicular diameter (p<0.05). The predominance of active primordial 
and primary follicles was found in both phases; otherwise the secondary follicles and antral follicles showed a 
high degree of degeneration. The results obtained in the present work will strengthen the development of bio-
technology programs to improve the productive potential and conservation of the collared peccary. Rev. Biol. 
Trop. 60 (1): 437-445. Epub 2012 March 01.
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The collared peccary (Pecari tajacu) is a 
neotropical mammal that has biological char-
acteristics different from other suids. They 
inhabit different ecosystems from the South of 

the United States of America to the North of 
Argentina (Sowls 1997). The collared peccary 
is extensively hunted for its meat and leather in 
some countries of Latin America and mainly in 
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the Amazon region (Bodmer & Lozano 2001, 
Mayor et al. 2007, Fang et al. 2008). Presently, 
it is considered a wild animal with potential 
to be raised commercially (Nogueira-Filho & 
Nogueira 2004). 

The sustainability and production han-
dling of the species has been studied in the last 
years (Barbella 1993, Sowls 1997, Gottden-
ker & Bodmer 1998, Guimarães et al. 2004, 
Nogueira-Filho & Nogueira 2004, Le Pendu 
et al. 2006, Mayor et al. 2006, Albuquerque 
et al. 2010, Costa et al. 2010, Mayor et al. 
2010). Nevertheless, further information on 
its reproduction is necessary for the success of 
breeding programs.

The cryopreservation of gametes, associ-
ated with assisted reproduction, is uncommon 
in wild animals (Fickel et al. 2007) due to the 
lack of studies on the reproductive morpho-
physiological mechanisms of this species. 

Folliculogenesis, the process of formation, 
activation, growth, and maturation of follicles, 
occurs in the ovary cortex, starting with the 
formation of the primordial follicle and con-
tinuing to the pre-ovulation stage (Hafez 2004). 
Nevertheless, an in-depth understanding of the 
aspects related to this process will contribute 
to the application of biotechniques like in vitro 
fecundation and the manipulation of oocytes 
from pre-antral follicles, which are useful in 
the preservation of wildlife, as well as for 
animal production. 

The main goal of this study was to inves-
tigate the basic aspects of folliculogenesis in 
collared peccary.

MATERIALS AND METHODS

This experiment was performed in the 
Senador Álvaro Adolpho Animal Research Unit 
(Embrapa Eastern Amazon) in Belém, Pará 
State, Brazil, (1º28’ S - 48º27’ O). The animals 
were kept in family groups in 36m2 paddocks 
and fed with commercial swine feed (calorific 
supply of 2 500kcal per kg and protein level of 
14%). Collared peccary females aged from 12 
to 24 months were used; three females were 
subjected to ovariectomy in the follicular phase 

and the other three in the luteal phase. They 
were anesthetized with ketamine chloridate 
(5mg/kg) and 0.2% acepromazine (0.2mg/kg), 
administered intramuscularly before ovariec-
tomy. The experiments performed in this study 
were approved by the Ethical Committee for 
Animal Research, Federal University of Pará 
(Authorization number CEPAE-ZOO001-08), 
and were conducted in compliance with current 
Brazilian and international laws on the manipu-
lation of animals for research purposes.

The ovaries were measured with a pachim-
eter and weighed in an analytical balance. The 
hemorrhagic body, corpora lutea, corpus albi-
cans and antral follicles were counted with the 
aid of a magnifying glass. 

All the samples were fixed in aqueous 
Bouin’s solution, dehydrated with increasing 
ethanol concentration, infiltrated and embed-
ded in paraffin, cut in 7µm slices, stained 
with hematoxilin-eosin, and analyzed by light 
microscopy. The ovary follicles observed in dif-
ferent stages of maturation (pre-antral: primor-
dial, primary and secondary; antral: tertiary) 
were classified as active or atretic, according 
to Schillo (2009).

Ovary follicles were counted in each phase 
of the cycle (follicular and luteal). The pre-
antral follicles were counted in every 30th 
mounted section, and the antral follicles, in 
every 40th section. Only follicles which pre-
sented visible oocyte nuclei were considered. 
Follicle populations were estimated by the 
Fractionator Method (Gundersen et al. 1988) 
using the formula: number of follicles x number 
of sections. The results of the counting of the 
analyzed sections were added, giving an esti-
mate of the follicle population of each ovary.

The ovary follicles were measured using 
an ocular micrometer coupled to a light micro-
scope (10x and 40x). Five each of pre-antral and 
antral follicles were selected in each phase of 
the oestrous cycle for measurement of the fol-
licle, oocyte, and oocyte nucleus diameter. The 
size of the germinal cell layer (GCs) was mea-
sured for all pre-antral follicles by subtracting 
the oocyte diameter from the follicle diameter. 
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The results are given as means (±standard 
deviation). Tukey’s test was used to com-
pare the follicle dimensions and population 
estimates of the right and the left ovaries, 
according to the follicular development. Krus-
kal-Wallis’ test was used to compare the diam-
eters of the oocytes, oocyte nuclei, the follicles 
and the layer of GCs of the different categories 
of pre-antral follicles. All the analyses were 

performed at 5% level of confidence using the 
software BioEstat 5.0 (Ayres et al. 2007).

RESULTS

The analyzed collared peccary ovaries 
were partially covered by a bursa ovarica, had 
an oval shape, and an irregular surface (Fig. 
1A, 1B). The length, width, thickness, weight, 

Fig. 1. A-B. Gross anatomy of the ovary of collared peccary. A- Pre-ovulatory Follicle (PF). B- Hemorrhagic Body (HB) 
and Corpus albicans (CA). C-F. Photomicrograph of the ovary of collared peccary: C- Cortical (cort) and medullary (med) 
regions, epithelial tissue (arrow), tunica albuginea (ta), Primordial Follicle (Pd), Secondary Follicle (SF), Antral Follicle 
(AF), 100X. D- Primordial follicle (Pd) with oocyte (*) surrounded by follicular cells (fc). Primary Follicle (Pm) with 
oocyte (*) surrounded by granulosa cells (g). Presence of connective tissue (ct). E- Secondary Follicle (SF) with oocyte 
(*), granulosa cells (g), beginning of the formation of the antrum (a), pellucid zone (z) and theca (t) cells. Antral Follicle 
(AF) with antrum (a) oocyte (*), pellucid zone (z), granulosa cells (g) and internal (it) and external (et) theca layers. Corpus 
albicans (CA). F- Detail of Luteal cells (L). D-F. 400X, H&E.
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and number of macroscopic ovarian structures 
(antral follicles, corpora lutea, corpus albicans 
and hemorrhagic body) of both ovaries (right 
and left) were not statistically different. How-
ever, the mean number of each of the ovary 
structures was different (Table 1). The mean 
number of corpora lutea was significantly dif-
ferent between the oestrous cycle phases, being 
highest in the luteal phase (2.67±0.52).

The ovary surface had a cover of simple 
cuboidal epithelium, which cells, in the pres-
ence of pre-ovulatory follicles, corpora lutea 
or hemorrhagic body, became pavimentous 
cells. Right bellow the epithelium, there was 
a layer of dense connective tissue, the tunica 
albuginea. In the cortical region, follicles in 
different phase of development were observed, 
as well as corpora lutea, hemorrhagic body, 
corpus albicans and loose connective tissue. 

The medullar region consisted of densely vas-
cularized loose connective tissue (Fig. 1C).

The primordial follicles (Fig. 1D) were 
formed by oocytes surrounded by a layer of 
follicular cells (pavimentous cells), and the 
primary follicles, by a single layer of granulosa 
cells (pavimentous and/or cuboidal). The sec-
ondary follicles (Fig. 1E) had from two-four 
layers of granulosa cells, the beginning of the 
formation of the antrum, pellucid zone, and 
thecas (external and internal). The antral fol-
licle oocytes (Fig. 1E) were surrounded by four 
or more layers of granulosa cells, antrum, and 
internal (cellular) and external (fibrous) thecas.

The statistical data for pre-antral ovary 
follicles of the right and left ovaries in the fol-
licular and luteal phases are shown in Table 2. 
During the oestrous cycle, the right ovary mean 
values were similar to those of the primary 

TABLE 1
Biometric parameters and number of macroscopic structures of the right and left ovaries 

in six collared peccaries, during the estrous cycle

Follicular Phase (n=3) Luteal Phase (n=3)
Right ovary Left ovary Right ovary Left ovary

Length (cm) 1.79 ± 0.77 1.69 ± 0.14 1.37 ± 0.05 1.66 ± 0.64
Width (cm) 1.13 ± 0.15 1.10 ± 0.29 1.02 ± 0.16 0.96 ± 0.16
Thickness (cm) 0.84 ± 0.15 0.94 ± 0.18 0.83 ± 0.03 0.88 ± 0.19
Weight (g) 0.79 ± 0.18 1.04 ± 0.42 1.44 ± 0.93 1.98 ± 0.49
Antral Follicles 37.6± 3.8a 33.2 ± 2.7a 31.0 ± 5.3a 34.8 ± 3.9 a

Corpus luteum 1.33 ± 0.5b 1.4 ± 0.7b 2.1 ± 0.8b 2.67 ± 0.5b

Corpus albicans 12.6 ± 1.7c 13.3 ± 3.3c 16 ± 3.7c 19.6 ± 2.6c

Hemorrhagic bodies - - 1.4 ± 0.3d 0.9 ± 0.2d

Values in the same column with different superscript are significantly different (p<0.05).

TABLE 2
Mean number of pre-antral follicles in the right and left ovaries in six collared peccaries during the estrous cycle

Follicles
Follicular Phase Luteal Phase 

Right ovary Left ovary Right ovary Left ovary
Primordial 358.8 ± 152.6ª,1 561.6 ± 219.9ª,2 182.8 ± 108.4a,1 369.6 ± 107.4ª,2

Primary 273.6 ± 101.5ª,3 333.6 ± 137.4b,3 202 ± 90.7ª,3 252 ± 97.3a,3

Secondary 122.4 ± 42.4b,4 188.4 ± 49.4c,5 59.6 ± 21.3b,4 103.2 ± 53.4b,5

Values between rows in the same column with different superscript letters are significantly different (p<0.05); Values 
between columns in the same phase with different superscript numbers are significantly different (p<0.05).
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follicles, and statistically different (p<0.05) 
from the secondary follicles. The left ovary 
mean values were all statistically different in 
the follicular phase while the mean numbers of 
primordial and primary follicles were similar 
in the luteal phase. In both phases, the mean 
numbers of primordial and secondary follicles 
were higher for the left ovary than for the right 
ovary. The mean number of antral follicles was 
higher in the left than in the right ovary in the 
follicular phase (115.3±43.1 and 61.80±45, 
respectively). In the luteal phase, a mean of 
54.1±19.1 antral follicles was observed for the 
right ovary, which was similar to that of the left 
ovary, with 65.3±30.5 antral follicles.

There was no difference (p<0.05) 
in the average number of primary folli-
cles (303.6±122.1 and 237.0±68.8, respec-
tively) in the follicular and luteal phases; 
however, the average number of secondary 
follicles (155.4±55.9 and 78.3±23.3, respec-
tively) and antral follicles (103.5±45.6 and 
60.0±26.1, respectively) was different (p<0.05) 
in both phases.

Statistical differences were also observed 
in the mean increase in diameter of pre-antral 
follicles, oocyte, the oocyte nucleus and the 
granulosa layer (Table 3) during the oestrous 
cycle phases. Only the mean follicle diameter 
(mm) was statistically different (p<0.05) in the 
antral phase (821±110.6 for follicular phase 
and 626.0±161.4 for luteal phase); the mean 
oocyte diameter (mm) of antral follicles in the 
follicular and luteal phases was 75.3±10.0 and 
62.3±6.4, respectively; and the mean nucleus 

diameter (mm) was 37.8±2.7 and 30.4±4.4, 
respectively, for both phases.

In both phases of the oestrous cycle, pri-
mordial and developing primary follicles pre-
dominated, while secondary and antral follicles 
had a high degree of degeneration (Fig. 2). 

The corpus albicans (Fig. 1E) was char-
acterized by extensive fibrosis, while the 
hemorrhagic body was characterized by the 
formation of a blood clot. The corpora lutea 
were observed in both phases of the oestrous 
cycle, and with regard to the cell morphology, 
they were functional (Fig. 1F) or remanent. 
Accessory corpora lutea were also observed, 
being characterized by degenerative oocytes.

DISCUSSION

These results show that the ovarian his-
tological constitution of collared peccary is 
similar to that of most mammals. The ovary 
length, width, and thickness measurements 
corroborated the reports of Santos et al. (2000). 
However, the ovary weight found in this work 
was smaller than that described by Paula et al. 
(2003), which may be due to factors like age, 
reproductive phase, and nutritional state of the 
females used. 

The mean number of corpora lutea was 
similar to that reported by Mayor et al. (2006) 
in hunted wild females, thus indicating that 
captivity conditions apparently do not interfere 
with the ovulation rate of this species. 

Most of the functional structures were 
observed in the cortical region of the ovary. 

TABLE 3
Mean diameter (μm) of follicle, oocyte, granulosa layer and nucleus of the oocyte of pre-antral follicles in six collared 

peccaries, during the estrous cycle

Follicular Phase Luteal Phase 
Primordial Primary Secondary Primordial Primary Secondary

Follicle 20.8 ± 2.2a 59.6 ± 7.2b 135.1 ± 15.2c 16.0 ± 2.0a 50.2 ± 5.5b 114,3 ± 8.7c

Oocyte 15.3 ± 2.2a 34.6 ± 4.4b 67.7 ± 9.7c 12.4 ± 2.1a 29.0 ± 4.8b 53.2 ± 8.3c

Granulosa 5.8 ± 2.5a 24.7 ± 4.8b 67.4 ± 9.7c 3.9 ± 1.1a 21.8 ± 4.3b 58.9 ± 5.3c

Nucleus 7.6 ± 1.1a 16.4 ± 2.8b 24.4 ± 3.1c 5.7 ± 1.14a 15.9 ± 2.9b 21.5 ± 3.2c

Values between columns in the same phase with different superscript are significantly different (p<0.05).
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Developing and degenerating follicles were 
identified, suggesting that follicle genesis is a 
dynamic process, with continuous cell growth 
and death. In this study, the primordial and 
primary follicles were agglomerated in the 
peripheral regions of the cortex, which agrees 
with Barbella (1993). 

Ovarian follicular quantification varies 
highly among species. In buffaloes (Bubalus 
bubalis), the average number of primordial, 
primary, and secondary follicles is 3 518.98±1 
988.37, 14 672.03±12 263.76 and 1 628.29±1 
182.24, respectively (Mondadori et al. 2010), 
while in mice (100 days of age) it is 2 227±101, 
265±32 and 79±5.6, respectively (Myers et al. 
2004). Gosden & Telfer (1987) observed that in 
some species the number of primordial follicles 
varied allometrically with both body weight 
and maximum life expectation, and the differ-
ence in the follicular number between species 
could be a strategy, which guarantees fecundity 
throughout most of the lifespan. The average 
number of primordial follicles on peccaries is 
very low compared to other suiformes, such as 
the domestic pig (Sus scrofa), which has close 
to 400 000 (Greenwald & Moor 1989, Hafez 
2004). So far, there are no references on similar 
species to allow comparisons.

Significant differences were observed in 
the number of secondary and antral follicles 
between the oestrous phases in collared pec-
caries. The means numbers were higher in the 
follicular phase, when the follicle is recruited, 
selected and becomes dominant. The mean 
number of primordial follicles was close to 
that of primary follicles, in contrast to what is 
generally observed in mammals. This result can 
be due to the follicle classification used in this 
work, which included in primary follicles cat-
egory those with granulosa pavimentous cells 
or cuboidal shape, thus increasing the mean 
values in this category. 

In this work, during the follicular phase, 
103.5±45.6 antral follicles were observed in the 
ovary of collared peccary. The averages were 
higher than that observed (30.4±1.7) by Mayor 
et al. (2006) in the same species; this differ-
ence may be related to several factors includ-
ing the age of the females, nutritional state and 
the methodology used in both experiments. 
According to Myers et al. (2004), there may 
be greater differences in follicular numbers 
per ovary in mice at similar ages using various 
methods of study.

Throughout folliculogenesis, over 99% 
of growing ovarian follicles become atretic 

Fig. 2. Number of ovarian follicles (active or degenerated) from collared peccary. Pd- Primordial; Pm- Primary; S- 
Secondary; A- Antral; 1- Follicular phase; 2- Luteal phase.
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(Monniaux et al. 2009). Degeneration predomi-
nated in secondary and antral follicles of col-
lared peccaries, which may be related to the 
follicle growth wave, that is, this species seems 
to have a first atresia wave and follicle selec-
tion, followed by a new atresia and dominance 
of some follicles. These observations are in 
agreement with Mayor et al. (2006), who 
suggested the existence of follicular waves in 
this species, based on the size and number of 
antral follicles and corpus luteum. The follicle 
recruiting, selection, and dominance phases are 
observed in other species of artiodactyls, such 
as buffaloes and South American camelids 
(Baruselli et al. 1997, Riveros et al. 2010, 
Vaughan 2011); however, their morpho-phys-
iological mechanism is yet little understood 
(Fortune 1994, Rodgers et al. 1999, Gougeon 
& Busso 2000, Monniaux et al. 2009). 

The statistical difference in the diameter 
of the follicle structures observed in this study 
indicates that it can be a valuable parameter 
for the classification of the distinct follicle 
categories. Based on the changes in the diam-
eter of the oocyte and nucleus, the granulosa 
layer, and of the follicle, we can infer that the 
follicle growth initially occurs by alteration of 
granulosa cells from pavimentous to cuboidal. 
Next, there is an increase in the oocyte size, the 
proliferation of the granulosa layer, and con-
sequently, an increase in the follicle diameter. 

According to Monniaux et al. 2009, fol-
liculogenesis is divided into two stages (basal 
and terminal), and the follicular size is char-
acteristic of the species. Primordial follicles 
range from 0.03 to 0.05mm, and when they 
reach 0.2mm in size, the antrum is formed. For 
these authors, in the terminal stage of folliculo-
genesis, follicles range from 0.2mm in rodents 
to 10mm in the ass, the oocyte size increases 
from 20 to 30 microns; and the mature fol-
licle size ranges from 0.5mm in rodents to 
15mm in the ass.

The comparison of the values found in the 
present work for the mean diameter of primor-
dial follicle (16.0±2.0µm and 20.8±2.2µm), 
primary follicle (50.2±5.5µm and 59.6±7.2µm), 
and antral follicle (626.0±161.4µm and 

821±110.6µm) are within the same range of 
values with those reported by Mayor et al. 
(2006) (12-32µm, 34-190µm and 530-1620µm, 
respectively); however, the variation found 
for the mean diameter of secondary follicle 
(114.3±8.7µm and 135.1±15.2µm) was smaller 
than that of the small pre-antral follicle (190-
490µm), observed by these same authors.

Carvalho et al. (2003) reported the pres-
ence of an ovulation fossa; however, in this 
work the hemorrhagic body was not pres-
ent in the same location, which indicates the 
absence of ovulatory fossa in collared peccary. 
Both cyclic and accessory corpora lutea were 
observed. The presence of the latter shows the 
probable need for elevation of plasma proges-
terone level in the beginning of gestation in this 
species, thus avoiding embryo death. 

In conclusion, the results obtained in the 
present work can be used as parameters in more 
detailed studies of folliculogenesis in biotech-
nology programs with the goal of improving 
the productive potential and conservation of the 
collared peccary.
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Resumen

La sustentabilidad y la producción de pecarí de collar 
(Pecari tajacu) han sido estudiados en los últimos años, 
sin embargo, más información sobre su reproducción es 
necesaria para el éxito de los sistemas de crianza . La 
comprensión de los aspectos relacionados con la folicu-
logénesis contribuirá con la aplicación de biotécnicas de 
reproducción, las cuales son útiles en la preservación y la 
producción de la vida silvestre. El objetivo de este estudio 
fue obtener datos sobre la población folicular del ovario de 
pecarí de collar. En relación con la población folicular en 
el ovario derecho, los valores de los folículos primordiales 
y primarios fueron similares, pero se observó que había 
una diferencia significativa (p<0.05) con el secundario. En 
el ovario izquierdo, la fase folicular presentó diferencias 
significativas (p<0.05) entre todos los folículos, y en la 
fase lútea el número medio de folículos primordiales y 
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primarios fueron similares. Ahora bien, con respecto a 
la población de folículos antrales, en la fase folicular, se 
observaron diferencias significativas entre los ovarios 
(p<0.05), y de forma similar en la fase lútea. También se 
encontraron diferencias significativas en el diámetro medio 
de los folículos preantrales, oocitos, la capa granulosa y el 
núcleo del oocito durante las fases del ciclo estral. Asimis-
mo, en los folículos antrales se observó diferencia estadís-
ticamente significativa (p<0.05) en el diámetro folicular. 
En ambas fases del ciclo estral, se encontró el predominio 
de folículos primordiales y primarios en desarrollo, por 
otro lado, los folículos secundarios y los folículos antrales 
mostraron un alto grado de degeneración. Los resultados 
aquí presentes son necesarios para el desarrollo de los 
programas de mejoramiento y conservación.

Palabras clave: ovario, morfología, histología, folículos 
antrales, folículos preantrales, pecarí de collar.
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