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Quantification of multi-oocyte follicles in ovaries of bitches
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ABSTRACT

The objective of this study was to quantify the number and frequency of monocyte (MnOF) and multi-
oocyte (MtOF) follicles in ovaries of bitches subjected to ovary salpingohysterectomy (OSH). Right and
left ovaries of 38 bitches were collected after OSH, prepared, and a histological analysis was carried out.
The ovaries were subjected to surface and deep histological cuts; the follicles were classified, and the
number of follicles and cumulus oophorus complexes (COC) per follicle were quantified for each
histological cut. MnOF and MtOF were found in all ovaries, at different developmental stages; primary
follicles were grouped in the ovarian cortex, and follicles at other follicular stages presented a random
distribution. MtOF containing two, three, four, or more COC were found in the ovaries of bitches, with a
decreasing frequency trend, according to the number of COC in the MtOF. The effect of the age, number
of estrus, estrus interval, and number of progenies per delivery was not significant for the number and
frequency of MtOF in the ovaries of the bitches, whereas the size, number of pregnancies, use and number
of contraceptive applications had some effect on the number and frequency of MtOF in the ovaries of the
bitches.
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RESUMO

Obijetivou-se, com este estudo, quantificar o nimero e a frequéncia de foliculos monocitarios (MOF) e
polioocitarios (POF) provenientes de ovarios de cadelas submetidas a ovariossalpingo-histerectomia
(OSH). Para tanto, coletaram-se os ovarios (direito e esquerdo) de 38 cadelas ap6s OSH, com posterior
preparacdo e andlise histoldgica. Cada ovério foi submetido a dois cortes histolégicos (superficial e
profundo) onde se quantificou o nimero e a classificagcdo dos foliculos, bem como o nimero de complexos
cumulus oophorus (COCs) por foliculo em cada corte histolégico. Observaram-se MOF e POF em todos
os ovarios estudados, em diferentes estadios de desenvolvimento, sendo os foliculos primérios agrupados
no cortex ovariano, frente a uma distribuicdo aleatéria dos outros estadios foliculares. FOPs contendo
dois, trés, quatro ou mais COCs foram observados nos ovarios de todas as fémeas estudadas, e sua
frequéncia tendeu a diminuir de acordo com o nimero de COC presente no POF. N&o se observou
influéncia da idade, do nimero e do intervalo de estros, assim como do nimero de filhotes por gestacao
sobre o nimero/frequéncia de FOP nos ovarios das cadelas estudadas, enquanto o porte, 0 nimero de
gestacGes, 0 uso e o numero de contraceptivo apresentaram algum grau de influéncia sobre o
numero/frequéncia de FOP nos ovarios das cadelas estudadas.
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INTRODUCTION

Bitches are monoestrous, poliovulatory, non-
seasonal animals, with a different reproductive
cycle from other domestic animal species; they
present high bloody progesterone concentrations
in days preceding the ovulation, and oocytes
ovulated at the immature diploid stage that finish
their mitotic maturation in the uterine tubes,
where they survive for several days (Rolo, 2012).

In addition, unlike other mammals, the oocyte
production period by oogonia or primordial germ
cells (oogenesis) in bitches occur up to two
months after birth since proliferation cells are
found in the ovary cortical region. The lipid
granules increase during the canine oogenesis
process, resulting in oocytes with dark
appearance, which does not occur in other
mammals (Derussi and Lopes, 2009).

Folliculogenesis in bitches has high occurrence of
polyovular follicles, with higher occurrences in
young bitches, which decreasing during their
senescence (R6lo, 2012). Bysted et al. (2001) and
Reynaud et al. (2005) reported that multi-oocyte
follicles can also ovulate, releasing oocytes
morphologically different from each other,
because of unknown causes, which can be related
to high pre-ovulatory follicle density in the
ovarian cortex of young animals (Derussi and
Lopes, 2009).

Despite the origin of these multi-oocyte follicles
still being unknown, it can be associated to flaws
in germinative cell degradation or the
folliculogenesis initial stages, in which the
developmental rate is faster than the
differentiation of the surrounding somatic cells
(Payan-Carreira and Pires, 2008).

In this context, the objective of this study was to
quantify the number and frequency of monocytes
(MnOF) and multi-oocyte (MtOF) follicles from
ovaries of bitches subjected to ovary
salpingohysterectomy (OSH).

MATERIAL AND METHODS

The procedures used in this study were approved
by the Animal Ethics Committee (CEUA) of
Universidade Federal da Fronteira Sul (UFFS;
Protocol no. 23205.001819/2018-21). Ovaries of
38 bitches were subjected to OSH to collect data
regarding age, weight, size, number of estrus,
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estrus interval, number of pregnancies, number of
progenies per delivery, and use and number of
applications of contraceptive.

The criterion used to determine the animal size
was based on the study of Klein (2012). After
surgical removal of the ovaries, they were
identified as right or left, subjected to a
longitudinal cut, and stored in a 10% formalin
solution for tissue fixation and histological
preparation (dehydration, inclusion, cut, and
staining with hematoxylin-eosin) (Junqueira and
Carneiro, 2013). They were embedded in paraffin
and two consecutive microtome cuts distant 60
micrometers from each other, termed as surface
and deep cuts, were carried out. After they were
fixed, the slides were stained with hematoxylin-
eosin, following the procedure used by Timm
(2005).

The slides were analyzed using an optical
microscope coupled to a camera (Olympus CX33)
to capture the images. A complete screening was
carried out for each cut of the ovarian tissue,
enabling the quantification (10x objective) and
classification (40x objective) of primary,
secondary, and tertiary follicles, and the number
of cumulus oophorus complexes (COC) per
follicle, classifying them as MnOF (with one
COC) or MtOF (with two, three, or more COC).

The data were collected and the follicles in the
surface and deep histological cuts were evaluated,
considering the mean and standard deviation of
the number of primary, secondary and tertiary
MnOF in the right and left ovaries, the humber
and occurrence (%) of MtOF in the right and left
ovaries, and the number and occurrence of MtOF
in the ovaries of the bitches, according to their
age, size, estrus interval, number of pregnancies,
number of progeny, and use and number of
contraceptive applications.

The data were tabbed in electronic spreadsheets in
the Microsoft Excel® program, and the statistical
analyses were processed in the SAS.

RESULTS AND DISCUSSION

The characteristics of the bitches subjected to
OSH for age, weight, number of estrus, estrus
interval, number of pregnancies, number of
progenies per delivery, and number and use of
contraceptive applications are shown in Table 1.
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Table 1. Characteristics of bitches subjected to OSH for evaluation of ovarian follicles.

Variable Variation Mean + Standard deviation
Age (months) 6-132 38.0£37.0
Weight (kg) 1.35-24.9 8.67+6.00
Number of estrus 0-11 2.8+3.1
Estrus interval (months) 4-48 6.9+8.6
Number of pregnancies 0-3 0.63+0.88
Number of progenies per delivery 1-8 1.8+2.4
Use contraceptive applications 0-6 0.5+1.2

Figure 2 shows the ovarian histological cut
containing MnOF at different developmental
stages. Ovarian follicular  population s
heterogeneous, and the follicles can be divided
into preantral follicles according to the
developmental stage, consisting in primordial,
primary, and secondary follicles, which
correspond to 90% of the ovarian follicular
population; and preantral follicles, tertiary and
Graaf follicles, also called pre-ovulatory follicles
(Serafim, 2009).

The MnOF were classified considering follicles
with a single cuboidal granulosum cell layer as
primary (Figure 2C); follicles with more than a
granulosum cell layer, with a well-defined
translucent zone involving the oocyte, as
secondary (Figure 3B); and follicles with several
granulosum cell layer and theca cells with
established antral cavity as tertiary (Figure 2A).
Follicular classification in bitches was also

described by Van Den Hurk and Zhao (2005),
Almeida et al. (2015), Zertlotini (2016), and
Cardoso (2017).

gy

C:P imary Man Eﬁoifped in clusters.

Figure 2. Histological cut in an ovary of a bitch containing monocyte (MnOF) follicles at different

developmental stages (40x objective).

A group of primary follicles was found in in the
ovary cortical regions, in clustering (Figure 2C) or
cord shapes, whereas those at other
developmental stages were randomly distributed
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in the ovarian cortex, as also described by
McDougall et al. (1997). A large quantity of
fibrous tissue and bloody vessels, with absence of
follicles, was found in the medullary region,
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confirming the findings of Telfer and Gosden
(1987).

The means found for primary, secondary, and
tertiary MnOF in the right and left ovaries were
similar (p>0.05) (Table 2). However, Lunardon et

al. (2015) reported differences in number of
follicles between right and left ovaries from the
same bitch, and in other established groups of
bitches; they concluded that the evaluation of only
one histological cut per ovary can underestimate
or overestimate the follicle population.

Table 2. Presence and classification of monocyte follicle (MnOF) (mean + standard deviation) in ovaries

of bitches
MnOF Right Ovary Left Ovary
Primary 146.5+11.42 137.3+11.4°
Secondary 17.5+1.7° 15.5+1.7°
Tertiary 2.6£0.3° 2.5+0.3°

ac Means followed by different letters in columns are different (p<0.05).

The number of primary follicles was higher than
the number of secondary and tertiary follicles
(p<0.05); and the number of secondary follicles
was higher than the number of tertiary follicles
(p<0.05) (Table 2). Similar results were found by
Telfer and Gosden (1987) and Dolezel et al.
(2004), who reported higher occurrence of
primary and secondary than tertiary follicles in
ovaries of bitches. This can be associated to the
higher predominance of primordial, primary, and
secondary follicles in the ovarian follicular
population, which corresponds to approximately
90% of them (Serafim, 2009).

Lunardon et al. (2015) reported predominance of
primordial follicles (92.2%) in ovaries of bitches
and reported that this was also found for other

species, such as bovine. The higher quantity of
primordial follicles in the ovary explains the use
of these follicles in assisted reproduction
methods, and the difficult in in vitro oocyte
maturation since primordial follicles require more
time and developmental factors to reach the
maturation stage.

The occurrence of MtOF which presented two to
four, or more COC per follicles (Table 3) was
consistent with the descriptions of Chastant-
Maillard et al. (2011) that 4% of pre-ovulatory
follicles can be MtOF, containing two to five
COC. Similarly, Payan-Carreira and Pires (2008)
reported that more than one MtOF may be in the
same histological cut, as found in the present
study (Figure 3).

Table 3. Mean number (MN) and frequency (MF) of follicles in right and left ovaries of bitches subjected
to elective OSH, containing one, two, three, or four, or more cumulus oophorus complexes (COC)

Number of COC in the follicles

Ovary One Two Three Four or more
MN MF MN MN MF MN MF
Right 162.2 100.0 3.0 0.63 30.7 0.05 16.7
Left 151.7 100.0 2.6 0.54 25.6 0.04 10.2
1272 Arq. Bras. Med. Vet. Zootec., v.73, n.6, p.1269-1277, 2021
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The occurrence of follicles containing one to four,
or more COC was found in all ovaries (Table 3).
The number and frequency of this occurrence was
similar between right and left ovaries (p>0.05),
presenting similar MnOF and MtOF values (Table
3). Similarly, Payan-Carreira and Pires (2008)
reported bilateral occurrence of MtOF in ovaries
of bitches, with 18% and 37.7% for pre-pubescent
and mature bitches, respectively.

However, the number and frequency of MnOF
was higher than that of MtOF containing two
COC, followed by MtOF containing three, and
four, or more COC (p<0.05). Telfen and Gosden
(1987) found similar results, with predominance
of MnOF in ovaries of bitches, followed by

S

) ' ~ ’
ndary MtOF with tw
Figure 3. Histological cut of an ovary of a bitch containing multi-oocyte follicles (MtOF) (40x objective).

follicles containing two COC. Payan-Carreira and
Pires (2008) reported that the occurrence of
MnOF is more expressive in bitches. However,
Telfer and Gosden (1987) reported that MnOF is
prevalent in the ovarian tissue of in all species,
and findings of MtOF are specific and
misunderstood functional characteristics of some
species, including canine species. Similar results
were found in the present study, with MnOF
population larger than the MtOF population
(Table 3).

The COC morphology varied within the same
MtOF, showing that these COC were probably at
different developmental stages (Figure 4), as
described by Payan-Carreira and Pires (2008).

o< R R dven, ") 119 b : ;
A: secondary monocyte follicles with oocytes at different developmental stages;

B: secondary multi-oocyte follicles with oocytes at different developmental stages.

Figure 4. Histological cut of ovary of bitches containing follicles with oocytes at different developmental

stages.
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Reynaud et al. (2009) found differences in
developmental stages in MtOF, identified by
variations in the cytoplasmic color, functional
mucification of the cumulus, and nuclear aspects
that show different morphological characteristics
between the oocytes of a same follicle. Moreover,
MtOF may present two- to three-fold more
volume than MnOF at the same developmental
stage, which is attributed to the higher number of
oocytes and granulosum cells in them. In addition,
Silva-Santos and Seneda (2011) pointed out that
the smaller oocyte of the MtOF may undergo a
developmental delay that triggers its
degeneration.

According to Chastant-Maillard et al. (2011), in
vitro studies of these oocytes is necessary to
evaluate their maturation and fertilization
capacity, since when the follicle is ovulated, all
oocytes that are captured by the fimbriae of the
uterine tubes can or not be fertilized. Thus, in
addition to the variations in size between MnOF
and MtOF, they may present oocytes with
different maturity and quality (Silva-Santos and

Senada, 2011). Oliveira et al. (2017) working with
bovine oocytes from multi-oocyte follicles found
that these follicles may be at different cell stages
or have a certain oocyte dominance, and this may
be a factor in decreasing fertility.Unlike other
mammals, bitches ovulate oocytes at prophase |
and are dependent on the LH peak for
mucification and maturation of oocytes before
ovulation. This has been questioned for this
species, since their LH peak varies from 24 to 72
hours, and a delay between the LH peak and the
ovulation varies from 36 to 50 hours, which can
make it unfeasible, mainly for oocytes with
delayed developmental stages (De Gier et al.,
2005).

The age had no effect on the occurrence of MtOF
containing two, three, four, or more COC
(p<0.05), However, the number of COC per
MtOF was numerically less expressive in animals
of the same age (Table 4). Older bitches presented
a smaller follicular population than the younger
ones.

Table 4. Mean number (MN) and frequency (MF) of Monocyte Follicle (MnOF) and Multi-oocyte follicles

(MtOF) in ovaries of bitches of different ages

Number of COC in the follicles

Age

(months) One Two Three Four or more
MN MF MN MF MN MF MN MF
<12 181.2 100.0 3.5 87.5 0.97 75.0 0.09 50.0
12-24 178.3 100.0 2.8 100.0 0.31 50.0 0.02 12.5
25-36 154.4 100.0 4.5 100.0 1.00 33.3 0.06 33.3
> 36 101.2 100.0 3.3 50.0 0.62 50.0 0.06 50.0

Chastant-Maillard et al. (2011) and Payan-
Carreira and Pires (2008) reported higher quantity
of MtOF in young bitches, which decreased over
time due to the senescence. Similarly, Farstad
(2000) and Rocha et al. (2006). Binsfeld et al.
(2014) reported that young bitches presented
higher MtOF indexes than old ones, since adult
bitches with ages lower than seven years have
larger follicular population and higher number of
high-quality oocytes than young or senescent
ones. This is consistent with the findings of
Steckler et al. (2017), who reported occurrence of
only 1% of MtOF in young bitches at anestrus and
none multi-oocyte follicle in senescent bitches.

Payan-Carreira and Pires (2008) reported a mean
frequency of MtOF of 68.4% in pre- pubescent
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animals and 30.4% in senescent animals (above
seven years of age). The mean age of bitches in
the present study was 37.0 to 38.0 months, and
pre-pubescent and adult bitches presented no
difference in frequency of MtOF (Table 4).

Bitches of medium size presented higher (p<0.05)
mean number of MtOF containing three COC than
those of small or very small sizes (Table 5). The
bitch sizes had no effect (p>0.05) on the number
of MtOF containing two, four, or more COC
(Table 5). Similar results were found by Lunardon
et al. (2015), who reported larger follicular
population and prevalence of MtOF in medium-
size bitches, when compared to small-size ones.
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Table 5. Mean number (MN) and frequency (MF) of Monocyte Follicle (MnOF) and Multi-oocyte follicles

(MtOF) in the ovaries of bitches with different sizes

Number of COC in the follicles

Size One Two Three Four or more
MN MF MN MF MN MF MN MF
Very small 160.0 100.0 3.2 90.0 0.578 60.0 0.07 40.8

Small 146.3 100.0 2.5
Medium 224.0 100.0 6.5

80.0 0.428 50.0 0.02 20.0
100.0 1.914 66.7 0.12 66.7

ABMeans followed by different letters in columns are different (p<0.05).

The estrus cycle frequency of bitches varies; and
their estrus interval can be affected by some
factors, such as heredity, race, pregnhancy, and age
of the bitches. Oliveira and Marques Jr (2006)
found higher estrus interval in senescent bitches,
which presented a light, but progressive increases
in inter-estrus interval up to four years of age; and
after seven years of age the occurrence of
irregularities in the cycle estrus is shown with
long anestrus periods, followed by increases in
estrus intervals.

The mean of number of estrus (up to four, five to
seven, and more than eight) and the estrus interval
(up to six, and more than seven months) of the
bitches evaluated were 2.8 to 3.1, and 6.9 to 8.6,

respectively. However, the number of estrus and
the estrus interval had no effect on the mean
number and frequency of MtOF with two, three,
four, or more COC (p<0.05). Payan-Carreira and
Pires (2008) showed that the occurrence of MtOF
is affected by the reproductive stage of the
bitches, in pre-pubescent and pubescent, with
higher incidence in pre-pubescent animals.

The number of pregnancies affected the frequency
of MtOF in the ovaries of the bitches (p<0.05)
(Table 6), showing higher frequency of MtOF
with up to three COC in bitches that had no
pregnancy (p<0.05), and higher frequency of
MtOF with four or more COC in bitches with at
least one pregnancy (p<0.05).

Table 6. Mean number (MN) and frequency (MF) of Monocyte Follicle (MnOF) and Multi-oocyte follicles
(MtOF) in ovaries of bitches with different number of pregnancies

Number of

Number of COC in the follicles

Pregnancies One Two Three Four or more
MN MF MN MF MN MF MN MF

None 161.8 100.0 3.1 86.7 0.70 66.74  0.07 40.04
One 149.5 100.0 4.6 83.3 0.87 50.040 0.04 33.34
Two or more 209.7 100.0 1.3 100.0 0.00 0.008 0.00 0.008

ABMeans followed by different letters in columns are different (p<0.05).

The number of progenies per delivery (one to two,
three to four, or more) of bitches had no effect on
the mean number and frequency of MtOF
(p<0.05). The bitches showed precocious sexual
maturity, six months of age; this reproductive
characteristic enables the increase of dog
population (Bueno and Rédua, 2020). Thus, the
indiscriminate use of contraceptive applications is
evident, which efficiently blocked the cyclicality
of the bitches, but originated several collateral
effects. The main uterine affections and
pregnancy and delivery disturbances in bitches are
due to exogenous hormonal manipulation through
contraceptive applications  (Aguirra, 2013).
Chaves et al. (2021) reported that ewe that have
the FecGE gene, a gene associated with sheep
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fertility, do not have a higher proportion of multi-
oocyte follicles. But the mutant ewes had a greater
frequency of morphologically normal multi-
oocyte follicles, this may justify the better
prolificity of these ewes.

However, despite the harmful effects of
contraceptive applications in canine females, a
higher (p<0.05) frequency of MtOF containing
two COC was found in bitches that had not
received contraceptive applications (Table 7).
However, the use of contraceptive applications
had no effect (p>0.05) on the mean number and
frequency of MtOF containing three, four, or
more COC (Table 7).
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Table 7. Mean number (MN) and frequency (MF) of Monocyte Follicle (MnOF) and Multi-oocyte follicles
(MtOF) in ovaries of bitches with and without use of contraceptive applications

Number of COC in the follicles

Use of

contraceptive One Two Three Four or more
MN MF MN MF MN MF MN MF
yes 93.2 100.0 3.16 33.38 0.25 33.3 0.06 33.3
no 173.2 100.0 3.36 95.0~ 0.75 60.0 0.05 35.0

ABMeans followed by different letters in columns are different (p<0.05).

The number of contraceptive applications affected
(p<0.05) the frequency of MtOF in the bitches
(Table 8). Bitches that received one contraceptive
application presented higher (p<0.05) frequency
of MtOF containing two, three, four, or more
COC than those had received more than two
applications, which presented no MtOF (Table 8).

Contrastingly, according to Silva-Santos and
Seneda (2011), the occurrence of multi-oocyte
follicles is not affected when using gonadotropic
hormones and/or contraceptive methods, which
contrasts with the results found in the present
study.

Table 8. Mean number (MN) and frequency (MF) of Monocyte Follicle (MnOF) and Multi-oocyte follicles
(MtOF) in ovaries of bitches with zero, one, or two or more contraceptive applications

Number of Number of COC in the follicles
contraceptive One Two Three Four or more
applications MN MF MN MF MN MF MN MF
Zero 173.2 100.0 3.36"8 95.0 0.75 60.04 0.05 35.04
One 150.8 100.0 9.5% 100.0 0.75 100.0A 0.18 100.04
Two or More 64.5 100.0 0.008 0.00 0.00 0.008 0.00 0.008
ABMeans followed by different letters in columns are different (p<0.05).
CONCLUSIONS BUENO, L.CV., REDUA, CRO. Uso e

Under the conditions of the present study, the
bitches presented multi-oocyte follicles in all
ovaries, at different developmental stages and
frequency, without direct correlation with age and
cyclicality.
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