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ABSTRACT

Background: Cytology is a valuable diagnostic tool in veterinary medicine, allowing rapid and minimally invasive diagnosis.
However, its application in the reproductive tracts of small animals is limited, primarily used to assess mammary masses and

stage the estrous cycle.

Objective: This study evaluated the cytologic characteristics of healthy queen ovaries throughout the estrous cycle.

Animals: Twenty-four domestic shorthair queens were included and submitted to a conventional ovariohysterectomy.

Methods: A blood sample was obtained to assess the serum concentration of estradiol and progesterone. One ovary was im-
mersed in paraformaldehyde for histology purposes, whereas the other was used for cytology. Blood parameters and histology
were used to classify the queens into 4 different groups: anestrous, follicular, luteal phase, and luteal cell phase groups.

Results: When comparing the groups, statistically significant (p <0.05) differences were observed only in the percentage of
luteal and mesenchymal cells and mitotic figures. Luteal cells were only present in those ovaries belonging to the luteal phase

group. Mesenchymal cells were present in the follicular and the luteal phase groups. Mitotic figures were observed in the an-

estrus and follicular phases.

Conclusions: It can be concluded that the ovarian cytology in the queen varies according to the reproductive cycle.

1 | Introduction

The ovary is an “always-changing” structure. Both anatomy
and endocrine functions are modified under the influence of
follicle-stimulating (FSH) and luteinizing (LH) hormones.
Ovaries carry two main tasks: the production, differentiation,
and release of female gametes, and the production of hormones
involved in the reproductive functions of the female, such as sex-
ual cyclicity, pregnancy, and parturition [1].

Anatomically, the ovary is divided into two main structures,
namely (1) the ovarian medulla, which houses the vasculature,
the innervation, and lymphatic vessels; and (2) the ovarian cor-
tex, which houses the population of oocytes, corpora lutea (CL),
and corpora albicantia [1]. Oocytes are surrounded by follicular

cells, thus composing the ovarian follicles. The size and shape
of the ovarian follicles will vary depending on the follicular de-
velopment and maturity stage. According to this, the types of
follicles observed in the ovary are primordial, primary, second-
ary, and tertiary or antral. Primordial follicles comprise the oo-
cyte and a single layer of surrounding flattened cells. Primary
follicles present a single layer of cuboidal cells surrounding the
oocyte. Secondary follicles present two or more layers but with-
out an antrum. Finally, tertiary follicles present several layers of
surrounding cells and a fluid-filled antrum [1].

Once ovulation occurs, the follicle collapses, and theca interna
and granulosa cells undergo luteinization [2, 3]. The CL is com-
posed of luteal cells, leukocytes, fibroblasts, endothelial cells,
and pericytes [4]. Its morphology has been previously described
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in detail in several species such as the Canadian porcupine,
sheep, pigs, cattle, and women [5-10]. The queen is not an ex-
ception, and ovarian morphology has been recently described
and updated using imaging diagnosis techniques [11] and his-
tology [12, 13].

Cytology is a recognized technique in human medicine that
is specially used to obtain preoperative cytodiagnosis of ovar-
ian masses [14]. In veterinary species, cytology is commonly
used to evaluate various tissues. In large animals, like mares
and cows, the cytology of the endometrium is frequently used
to assess reproductive health. However, in small animals like
dogs and cats, the use of cytology in the reproductive tract is
much more limited. In these species, the inaccessibility of the
reproductive tract makes it challenging for the clinician to ob-
tain reliable diagnostic information. In dogs and cats, vagi-
nal cytology is a highly recognized tool to stage the estrous
cycle. Likewise, uterine cytology and biopsy samples can be
obtained, but these procedures are more invasive in small an-
imals than in other species and require higher expertise [15].
The ovaries are also very difficult to reach, and little is known
about ovarian cytology. In dogs, some authors have described
the specific cytologic features of the normal ovary [16], with
cytology being considered a relevant tool for detecting ovarian
neoplasia [17, 18]. However, according to the authors’ knowl-
edge, cytologic findings of the queen ovary obtained by fine-
needle aspiration remain unknown.

Thus, the present study aimed to establish a baseline of the
cytologic features of the feline ovary through the lens that the
reproductive stage might influence its cytologic features, and
to compare the findings with those from histologic examina-
tion of the ovaries and serum concentrations of steroid sexual
hormones.

2 | Materials and Methods
2.1 | Animals

The present study included 24 domestic short-hair queens from
a “trap, neuter, and return” program carried out by the Surgery
Unit at the Veterinary Hospital of the Universitat Autonoma de
Barcelona (UAB). All the included females were stray queens,
thus impeding the obtaining of information about previous re-
productive history, reproductive status, and age. Samples were
obtained in two periods: the first from November to December,
and the second from February to March.

Queens were included in the study if (1) the physical examina-
tion was considered within normal limits and (2) they tested
negative against feline leukemia virus and feline immunodefi-
ciency virus (Snap FIV/FeLV; IDEXX Laboratories, Westbrook,
ME, USA).

Before the surgery, queens were sedated using an intramuscular
combination of 5mg/kg Ketamine (Ketamidor, Richter Pharma,
Austria) with 20ug/kg buprenorphine (Buprecare, Divisa
FarmaVic, S.A., Spain) and 0.2mg/kg midazolam (Midazolam,
Normon S.A., Spain). After sedation, a blood sample from the
jugular vein was collected and placed into a glass tube. The

blood was allowed to clot and then centrifuged at 2200 X g for
10 min at room temperature. The serum was immediately frozen
and kept at —20°C until analyses were performed.

Anesthesia was then induced with 2-4 mg/kg propofol (Propovet
TM, Zoetis Ecuphar, Spain). The anesthetic status was main-
tained using 1.5%-2% isoflurane (IsoFlo, Zoetis Ecuphar, Spain)
in oxygen using a Mapleson F anesthetic breathing circuit, and a
conventional ovariohysterectomy through ventral midline lapa-
rotomy was performed.

The study was approved by the UAB's Ethical Committee of
Animal Care and Research (CEEAH, code 2939).

2.2 | Blood Samples

Blood samples were used to determine the serum concentration
of estradiol and progesterone. Estradiol concentration was de-
termined using the Estradiol-sensitive ELISA commercial kit
(Demeditec Diagnostics GmbH, Kiel, Germany) [19], according
to the manufacturer's instructions. The detection limit ranged
from 1.40 to 200pg/mL. Intra-assay coefficients of variation
were 7.87%, 5.68%, and 5.52% for 8.21 pg/mL, 18.50 pg/mL, and
27.62pg/mL, respectively. Inter-assay coefficients of variation
were 8.78%, 7.25%, and 6.78% for 7.87 pg/mL, 17.87pg/mL, and
26.71pg/mL of estradiol, respectively. Those queens showing
estradiol concentration above 20pg/mL were considered to be
undergoing the follicular phase [20]. This ELISA has been limit-
edly implemented for the measurement of feline estradiol in the
literature but formal validation for cats has not been published.

The serum concentration of progesterone was determined using
the Immulite 1000 equipment (Immulite; Siemens Healthcare
Diagnostics, Cornella del Llobregat, Spain). The detection limit
of the equipment ranged from 0.2 to 40ng/mL. Intra and inter-
assay coefficients of variation of the instrument were 5.5 and
6.5, respectively. Queens with serum concentrations of proges-
terone below 1.5ng/mL were considered non-ovulated, whereas
those showing serum concentrations above 1.5ng/mL were con-
sidered ovulated [21-24].

2.3 | Cytology

Immediately after the surgical removal of the reproductive tract,
fine-needle aspiration (FNA) of one of the ovaries was per-
formed using a 25-gauge needle and a 5-mL syringe. The needle
was introduced inside the ovary, opposite to the ovarian hilum,
and was randomly redirected multiple times to obtain ovary
specimens. After the cytology sampling, the material obtained
was squashed on a glass slide and allowed to air-dry, thus ob-
taining two smears from each queen (n =48 smears). Since the
FNA technique may modify the physiologic architecture of the
ovaries, the histologic assessment was performed with the con-
tralateral ovary.

Dried samples were stained with a modified Giemsa stain
(Auto-Hemacolor, Merck KGaA, Darmstadt, Germany) using
an automatic dye (Hematek, Siemens Healthcare Diagnostics
Inc., Tarrytown, NY, USA). Smears were examined under
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a light microscope at 100X to 1000x magnification (Nikon
Eclipse Ci, Japan) by a board-certified pathologist and a res-
ident of clinical pathology separately. Both pathologists per-
formed a blind assessment of the samples. A consensual result
was obtained after the potential discrepancies were revised.
Smears were evaluated at low magnification (low power field
(LPF)=100xX) to assess general features related to the qual-
ity of the smear. This assessment included background, cel-
lularity and cell preservation, the type of cells encountered,
and blood contamination. After that, cytologic specimens
were evaluated at higher magnification (high power field
(HPF)=600x) to determine the cell arrangement, the charac-
teristics of the specific cell types and the presence of mitotic
figures. A higher magnification (1000x) was applied when a
more defined detail of the nuclear and/or cytoplasmic char-
acteristics was necessary. Finally, the number and distribu-
tion of leukocytes were also evaluated at high magnification
(400x) (adapted from Piseddu et al. [16]). The main evaluated
parameters are summarized in Table 1.

2.3.1 | Background

The background evaluation included the presence of debris,
the presence of fat droplets, extracellular matrix or pink pro-
tein material, and the presence of artifacts (Table 1). The pres-
ence of debris was graded on a scale of 0- 3, being graded as
0 for those smears with a clear background without debris, 1
for those preparations with some debris present, 2 for prepa-
rations with abundant debris but still adequate for diagnosis,
and 3 for those with abundant debris and not adequate for
diagnosis.

Fat droplets were graded on a scale of 0-4. A 0-score was as-
signed if no fat droplets were present, a 1-score was assigned for
the preparations with scattered fat droplets, 2 for those with few
droplets, 3 if a moderate number of fat droplets were present,
and 4 if they were abundant.

The presence of extracellular matrix was also evaluated and
graded on a scale of 0 to 3. A score of 0 was assigned when no
material was found, 1 was given to preparations with scattered
matrix, 2 to those with a moderate quantity of matrix, and 3 to
those preparations showing abundant matrix.

Finally, the presence of artifacts, such as stain material, was
evaluated using a score from 0 to 2. Smears graded with a 0 had
no artifact present. Smears graded with 1 had some artifact but
were still acceptable for diagnosis. Finally, smears with a grade
of 2 had excessive artifacts and were considered unsuitable for
diagnosis.

2.3.2 | Cellularity and Cell Preservation

Cellularity and cell preservation were evaluated according to
the number of cells, cell distribution and overlapping, and the
preservation of the cells (Table 1). Cellularity was scored on a
scale of 0-3. A score of 0 was given when no cells were found. A
score of 1 was given if scattered cells were present (1-50 cells/
LPF). A score of 2 was given if a moderate number of cells were

found (50-100 cells/LPF), and finally 3 was given if the prepara-
tion had abundant cellularity (> 100 cells/LPF).

Cell distribution and overlapping were also evaluated and
graded on a scale of 0-3. A score of 0 was given to the prepa-
rations that were uniformly distributed, with none or only
minimal overlapping. A score of 1 was assigned to samples
where cells had minimal to moderate overlap or were found in
restricted areas. A score of 2 was assigned to samples exhib-
iting clumped areas and moderate to abundant cell overlap.
Finally, a score of 3 was assigned to those preparations with
highly overlapped cells or cells distributed only in clumps or
for preparations with few areas of cells, making them unsuit-
able for diagnosis.

Cell preservation was also graded on a scale of 0-3. A score of
0 was assigned to preparations with perfect cell preservation,
containing 0% of broken cells. Score 1 was considered good
preservation and was assigned to those preparations with less
than 25% of broken cells. Score 2 was assigned to those smears
that showed moderate rupture and contained 25%-50% of
broken cells. Finally, score 3 was given to those preparations
with more than 50% of the cells broken and unsuitable for
diagnosis.

2.3.3 | Cell Arrangement

Cell arrangement was evaluated for the number of individual
cells and clusters present, and the specific type of arrangement
(acinar, palisade, and papillary) (Table 1). Individual cells and
clusters were graded on a scale of 0-4. A score of 0 was given
when no individual cells or clumps were found, 1 for prepara-
tions with less than 10 individual cells or clusters formed by less
than 10 cells/LPF, 2 for preparations with 10-40 individual cells
or clusters formed by 10-40 cells/LPF, 3 for preparations with
41-80 individual cells or clusters formed by 41-80 cells/LPF, and
4 for those with > 80 cells/LPF.

The specific type of arrangement was evaluated and graded sep-
arately from 0 to 3 for each type. A score of 0 was determined
when the particular type of cell arrangement was absent, 1 when
there were scattered cells of the specific type (< 1/600x), 2 when
few cells of the particular type of arrangement were present (1-
3/600x), and 3 for the moderate presence of the specific type of
arrangement (> 3/600X).

2.3.4 | Specific Cell Type

Cell type assessed the presence of recognizable, non-leukocyte,
specific cells, namely luteal, granulosa, and mesenchymal
cells. The presence of mitotic figures was also evaluated.
Furthermore, large multinucleated structures were occasion-
ally present in some of the samples, and their presence was also
graded (Table 1).

The presence of the different specific cell types was evaluated
separately and graded on a scale of 0-4. A score of 0 was as-
signed when the smear did not contain any specific identifiable
cell type. A score of 1 was assigned when 1-10 cells/LPF of a
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specific type were encountered, a score of 2 was assigned when
10-20 cells/LPF of a specific type were found, and a score of
3 was assigned when 20-50 cells/LPF of a specific type were
found. Finally, a score of 4 was assigned when > 50 cells/LPF of
a specific type were encountered.

Finally, the presence of mitotic figures was graded on a scale of
0 to 3. A 0 score was given when no mitotic figures were found,
a 1 score was given for the preparations that contained 1-3 mi-
totic figures/600x, and a score of 3 was given when > 3 mitotic
figures/600x were found.

2.3.5 | Presence of Erythrocytes and Leukocytes

The presence of erythrocytes and leukocytes in the background
was evaluated and graded following a similar approach as pre-
viously described by Piseddu et al. [16]. The scores are summa-
rized in Table 2.

A numerical score from 0 to 3 was used to classify smears ac-
cording to the degree of blood contamination. Smears with
a score of 0 showed the absence of blood contamination.
Smears scored with 1 contained mild blood contamination.
Smears with a 2-score showed moderate blood contamination.
Finally, the smears with a score of 3 showed marked blood
contamination.

The number of leukocytes was determined by evaluating
10 fields at high magnification (400x) and was scored on a
scale of 0-3. A score of 0 was assigned to the smears that had
no leukocytes. A score of 1 was assigned to smears present-
ing 1-3/400x leukocytes. Similarly, score 2 was assigned to
4-6/400x leukocytes, and score 3 was assigned to 7-10/400x
leukocytes. The leukocyte score was then compared with the
erythrocyte score to determine the impact of blood contami-
nation. If the leukocyte score was the same or lower than the
erythrocyte score, the leukocyte presence was suggestive to
be attributed to blood contamination. If the leukocytes were
admixed with the ovarian cells, their presence was sugges-
tive to be relevant in the tissue and not attributed to blood
contamination.

2.4 | Histology

To corroborate the cytologic findings, a histologic assessment
was performed on the contralateral ovary. Samples were em-
bedded in paraffin blocks, and 4 um-thick sections were ob-
tained and stained with hematoxylin-eosin. Stained sections
were scanned and viewed using the NDP View 2 software

TABLE 2 | Presence of erythrocytes and leukocytes.

(Hamamatsu Photonics, Japan). The biopsy examination con-
sisted of the preliminary evaluation of the presence or absence
of ovarian follicles and luteal tissue. Luteal tissue was classified
into two categories, namely the luteal phase and the luteal cell
phases. The luteal phase comprised those ovaries containing
structurally defined CL, whereas the luteal cell phase comprised
those ovaries that did not contain structurally defined CL, but
luteal cells were present.

2.5 | Queens Classification

Queens were divided into four groups, namely the anestrous, the
follicular, the luteal phase (either pregnant or pseudopregnant),
and the luteal cell phases, according to the hormonal concentra-
tion and the ovarian histologic morphology. The anestrus group
included those queens presenting low serum progesterone and
estradiol concentrations, with no apparent CL or a small number
of luteal cells. The follicular phase group included queens pre-
senting serum estradiol concentration above 20 pg/mL, serum
concentration of progesterone below 1.5ng/mL, and no apparent
CL or a few amounts of luteal cells. The luteal phase group in-
cluded queens presenting serum concentration of progesterone
above 1.5ng/mL, regardless of the presence of an evident preg-
nancy (pregnant queens) or not (pseudopregnant queens), and
evident CL. Finally, the luteal cell phase included those queens
presenting high serum concentrations of progesterone with no
apparent CL or few amounts of luteal cells [20-23].

2.6 | Statistical Analysis

Queens' CL lifespan was histologically divided into four groups
based on histological characteristics and hormonal concentra-
tion. The four groups were anestrus, follicular, luteal phase,
and luteal cell phases. The chi-squared test was used with
Fisher's multiple-comparison post hoc test to compare the dif-
ferent groups. The statistically significant difference was set at
p <0.05. Statistical package SPSS (version 22, IBM Corporation,
United States) was used for the analysis.

3 | Results
3.1 | Queens Classification

Fifteen out of the 28 queens were sampled between November
and December. The other nine females were sampled between
February and March (Table 3). According to hormonal concen-
tration and histologic appearance of the ovaries, 5 animals were
classified in the anestrus group, 7 queens were included in the

Score
Cytological feature 0 1 2 3
Erythrocyte content Absent Mild blood content Moderate blood content Marked blood content
Leukocyte content (cells/HPF) Absent 1-3/400x 4-6/400% 7-10/400%
Abbreviation: HPF, high power field (400x).
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TABLE 3 | Queens classification according to histology and hormonal concentrations.

Animal Sampling period Group Histology F/CL Estrogens (pg/mL) Progesterone (ng/mL)
1 November Follicular +/- 70568 0.2
2 November Follicular +/- 24564 0.2
3 November Follicular +/- 138393 0.708
4 November Follicular +/- 26244 0.737
5 November Follicular +/- 13646 0.71
6 November Follicular +/— 145393 0.726
7 December Follicular +/— 63832 0.511
8 March Luteal phase +/+ 0.1 11
9 March Luteal phase +/+ NA NA
10 March Luteal phase +/+ 11176 11.4
11 February Luteal phase +/+ 56008 6.52
12 February Luteal phase +/+ NA NA
13 February Luteal phase +/+ 1.4 8.02
14 March Luteal phase +/+ NA NA
15 November Luteal phase +/+ 56.18 6.99
16 December Luteal cell +/£ 10256 1.7
17 February Luteal cell +/+ 116126 3.12
18 November Luteal cell +/+ 1.4 1.52
19 November Luteal cell +/+ 38149 3.49
20 March Anoestrus +/- 0.492 0.203
21 November Anoestrus +/— 1.4 0.,2
22 November Anoestrus +/- 1.4 0.2
23 November Anoestrus +/- 1.4 0.2
24 November Anoestrus +/- 1.4 0.666

Abbreviations: CL, corpus luteum; F, follicles; NA, samples not available; +, presence; —, absence; +, luteal cells with no CL structure.
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FIGURE 1 | Serum hormonal concentration. (A) Serum concentration of estradiol. (B) serum concentration of progesterone. Follicular phase,

n=7. Luteal phase, n=38. Luteal-cell phase, n=4. Anestrus phase, n=>5.

follicular group, 8 queens were classified in the luteal phase, and
4 were classified as the luteal cell phase. Six out of the seven
queens included in the luteal phase group were found to be
pregnant.

3.2 | Blood Samples

The serum concentrations of progesterone and estradiol are
shown in Figure 1A,B. Blood samples from three pregnant
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queens in the luteal phase group were missing. For statistical
purposes, progesterone values below the detection limit were
considered 0.20ng/mL (n=>5), values above the detection limit
were considered 40 ng/mL (n = 2), and estradiol values below the
detection limit were considered 1.4 pg/mL (n=6) (Table 3).

Progesterone concentration was significantly higher (p <0.05) in
the luteal phase group (8.79 +2.27ng/mL). Samples from follic-
ular and anestrus phases showed serum concentrations of pro-
gesterone below 1ng/mL. Finally, progesterone values in queens
from the luteal cell phase ranged between 1.7 and 3.49ng/mL,
with a mean value of 2.46+0.99 ng/mL.

Regarding estradiol, only queens from the anestrus group
showed negligible values of this hormone. Follicular, luteal, and
luteal cell phases all showed high mean values of estradiol.

3.3 | Cytology Findings

When comparing the different groups, non-statistically sig-
nificant differences between groups were found for debris
in the background (p=0.417), fat droplets (p=0.815), extra-
cellular matrix (p=0.289), cellularity (p=0.802), cell distri-
bution/overlapping (p=0.371), cell preservation (p=0.752),
individual epithelial cells (p =0.662), clusters of epithelial cells
(p=0.060), acinar arrangement (p=0.153), papillary arrange-
ment (p=0.830), granulosa cells (p=0.123), multinucleated
structures (p=0.999), erythrocyte content (p=0.266), and leu-
kocyte content (p=0.184). No statistical study was performed
for the parameters artifact because all samples were scored as
1, and palisade arrangement because it was absent in all sam-
ples. Statistically significant differences were observed only in

the percentages of luteal, mesenchymal cells, and mitotic figures
(Table 4).

In general terms, all samples showed a light pink background
with scant cellular debris and stain material that was con-
sidered artifacts. Only one of the queens, belonging to the
anestrous phase group, had abundant debris, although still
adequate for diagnosis. Likewise, the background of ovarian
FNA contained low to moderate numbers of small, round, and
clear vacuoles consistent with lipid droplets. The presence of
amorphous, pink, and proteinaceous material consistent with
extracellular matrix was also variable among slides, although
no significant statistical differences were observed between
groups (Figure 2).

Regarding cellularity, 12 out of 48 (25%) smears showed abun-
dant cellularity, moderate cellularity was found in 26 (54.2%)
smears, and 10 (20.8%) smears showed scant cellularity.

Regarding cell distribution and overlapping, of the 48 smears
reviewed, 40 received a score of 1 (83.3%, no or minimal over-
lapping), 6 received a score of 2 (12.5%, moderate or restricted
overlapping), and 2 received a score of 3 (4.16%, overlapped cells
or cells distributed in clumps).

Cell preservation was variable, ranging from adequate, with
less than 25% of ruptured cells in 12 (25%) preparations, to poor,
with more than 50% of ruptured cells in 4 smears (8.3%). The
remaining 32 samples (66.6%) showed moderate preservation of
ruptured cells, with 25%-50% of cells broken.

The number of individual cells and cells distributed in clusters
was generally similar, except in two queens from the luteal cell

TABLE 4 | Results of luteal and mesenchymal cells and mitotic figures at the different sexual phases evaluated in the study.
Category 0 Category 1 Category 2 Category 3 Category 4
Luteal cells (p=0.012)
Anoestrus (n=5)2 100 (5) 0 0 0 0
Follicular (n=7)? 100 (7) 0 0 0 0
Luteal phase (n="7)° 28.6 (2) 0 28.6 (2) 28.6 (2) 14.3 (1)
Luteal cell (n=5) 100 (5) 0 0 0 0
Mesenchymal cells (p=0.014)
Anoestrus (n=>5)2 60 (3) 0 40 (2) 0 0
Follicular (n=7)P 14.3 (1) 85.7 (6) 0 0 0
Luteal phase (n=7)° 42.9(3) 28.6 (2) 28.6 (2) 0 0
Luteal cell (n=5)4 0 20 (1) 60 (3) 20 (1) 0
Mitosis (p=0.04)
Anoestrus (n=>5)? 80 (4) 0 20 (1) 0 ND
Follicular (n="7)" 57.1(4) 42.9(3) 0 0 ND
Luteal phase (n=7)° 100 (7) 0 0 0 ND
Luteal cell (n=5)¢ 100 (5) 0 0 0 ND

Note: Values are expressed in percentages (n). Statistically significant differences in the distribution of the cell types among the different sexual phases are represented

with different superscripts.
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phase group and one from the anestrous group, which contained
higher numbers of clusters than individual cells, and two queens
from the luteal phase group, which contained higher numbers
of individual cells compared with cells distributed in clusters.

Regarding the cell arrangement, acinar arrangement was absent
in 14 smears (29.2%), scattered in 24 (50%), few in 4 (8.3%), and
moderate numbers in 6 smears (12.5%). Palisade arrangement
was absent in 32 smears (66.7%), scattered in 14 (29.2%), and few
in 2 smears (4.1%). Finally, the papillary arrangement was ab-
sent in 16 smears (33.3%), scattered in 12 (25%), few in 18 (37.5%),
and moderate in 2 (4.2%).

Finally, the most common cell types identified on smears were
granulosa, luteal, and mesenchymal cells, and occasional leu-
kocytes. Additionally, rare large multinucleated structures of
unknown lineage were also found. Granulosa cells were distrib-
uted in different-sized aggregates, occasionally arranged in pal-
isade or acinar-like structures. The cells were round to slightly
cuboidal and small. Nuclei were round to slightly oval, centrally
or paracentrally located, with finely reticular chromatin and
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FIGURE 2 | Cytology from a normal feline ovary obtained by fine-
needle aspiration. Modified Giemsa stain. Mild proteinaceous back-
ground with dense proteinaceous material (pink). Note the presence of
erythrocytes (arrowhead) and granulosa cells (arrow).
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one or more small nucleoli. The nuclear to cytoplasmic ratio
was moderate to high. The cytoplasm was generally scant, clear
blue, and sometimes with low numbers of small, clear vacuoles.
Anisocytosis and anisokaryosis were mild (Figure 3A,B).

Luteal cells were large, round to slightly polygonal, generally
individually arranged or rarely in loose aggregates. Nuclei were
round, central or paracentrally located, with finely reticular
chromatin and, occasionally, with one nucleolus visible. The
nuclear: cytoplasmic ratio was low. The cytoplasm was gener-
ally abundant, with distinct cell borders, finely granular, and
blue to purple (Figure 4). Frequently, cells contained variable
numbers of small to medium-sized clear vacuoles. Anisocytosis
and anisokaryosis were mild to moderate, and scant binuclear
cells were found. Luteal cells were only present in preparations
from the luteal phase group, showing statistically significant
differences among the groups (p =0.012). Specifically, they were
present in 71.4% of preparations from the luteal-phase group.
(Table 4). In this sense, categories 2 and 3 were observed in
28.6% of the FNA each, whereas category 4 accounted for 14.3%
of the samples.

Mesenchymal cells were fusiform, with thin wispy tails, and
were generally exfoliated in loose aggregates around a variable
amount of amorphous pink material compatible with the extra-
cellular matrix. The nuclei were oval, centrally placed, and with
finely reticular chromatin. The nuclear: cytoplasmic ratio was
low to moderate. The cytoplasm was clear blue and presented
well-defined cell borders. Anisocytosis and anisokaryosis were
mild (Figure 5).

Mesenchymal cells were present in 100% of samples from the
luteal cell phase, 85.7% in the follicular phase, 57.1% in the luteal
phase, and 40% in the anestrus phase (Table 4). Category distri-
bution showed that all samples from the anestrous phase were
classified as category 2. In the follicular phase, all the samples
were classified as category 1. Regarding the luteal phase, catego-
ries 1 and 2 accounted for 28.6% each. Finally, in the luteal cell
phase, categories 1 and 3 accounted for 20% of the samples each,
whereas category 2 accounted for 60% of the samples. Queens
belonging to the follicular group had significantly (p=0.014)
lower numbers of mesenchymal cells.

50pm

FIGURE 3 | Fine-needle aspiration of a normal ovary. Modified Giemsa stain. (A) Cluster of granulosa cells in a proteinaceous background. (B)

Papillary distribution of granulosa cells showing scant, clear blue cytoplasm with mild anisocytosis and anisokaryosis.
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Scant large multinuclear structures from unknown lineage
were also observed in the preparations from seven animals
(Figure 6). Specifically, two animals from the anestrous phase
group, one from the follicular phase group, two from the luteal
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FIGURE 4 | Fine-needle aspiration of a normal ovary. Modified
Giemsa stain. Luteal cells were characterized by clear blue, vacuolized
cytoplasm. The nuclei were eccentrically located.
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FIGURE 5 | Fine-needle aspiration of a normal ovary. Modified
Giemsa stain. Occasional spindle cells with an oval nucleus and wispy
cytoplasmic borders surrounding a small amount of pink matrix can be
observed.
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FIGURE 6 | Fine-needle aspiration of a normal ovary. Modified
Giemsa stain. One single, large, and multinucleated structure of un-
known origin.

phase group, and two from the luteal cell phase were identi-
fied. Cells were round to slightly polygonal and individually
arranged. The nuclei were round, centrally located, and had
finely reticular chromatin. The nuclear: cytoplasmic ratio was
low. The cytoplasm was generally abundant, finely granular,
and blue to purple. Anisocytosis and anisokaryosis were mild
to moderate.

Mitotic figures also showed statistically significant differences
among the groups (p=0.04) (Table 4). Mitotic figures were pres-
ent only in the follicular (42.9% of samples) and the anestrus
(20% of samples) phases. Notably, in the anestrus group, 20% of
the animals showing mitotic figures were classified in score 2.
In the follicular group, 57.1% of the queens had no mitotic fig-
ures, and 42.9% were classified as score 1, thus having scattered
mitotic figures in the smears.

Leukocytes were present in 42 specimens and were observed in
all groups. Neutrophils were the predominant leukocyte iden-
tified. In most smears, leukocyte numbers were proportional
to the degree of blood contamination, and their presence was
therefore interpreted as consistent with peripheral blood con-
tamination. However, in four smears from the luteal phase
group, leukocytes were observed admixed with luteal cells and,
occasionally, within the cytoplasm of luteal cells, suggesting
emperipolesis and the presence of true tissue-associated leuko-
cytes rather than contamination alone (Figure 7).

3.4 | Histology Findings

The presence of CL and ovarian follicles was evaluated on his-
tologic sections from the contralateral ovary in every queen
(Figure 8). All the queens in the luteal phase group (29.1% of the
total population) had fully formed CL. Luteal cells were large,
round to polyhedral, and contained a round nucleus. The cy-
toplasm was moderately to heavily vacuolated. The remaining
queens (70.8% of the population) did not present a defined CL.
Twelve queens (50%), 4 from the anestrous phase, 5 from the fol-
licular phase, and 3 from the luteal phase, had a mixture of large
and small luteal cells, accompanied by ovarian follicles. The re-
maining five (20.1%) queens, 1 from the anestrous phase, 2 from
the follicular phase, and 1 from the luteal phase, had no relevant
numbers of luteal cells.

Finally, all the ovaries evaluated in the present study contained
variable numbers of ovarian follicles regardless of the stage of
the sexual cycle.

4 | Discussion

In veterinary medicine, cytology has remarkably evolved in the
last 15years and is an extended diagnostic tool in general prac-
tice. Compared to histopathology, one of the main advantages of
this diagnostic tool is obtaining rapid results with a less invasive
and expensive technique [25]. When evaluating the reproductive
system in small animals, cytology is more commonly used to as-
sess mammary masses and to stage the estrous cycle. However,
little information on the physiologic ovarian cytologic features
in dogs and cats is available [18]. In those species, ovarian cysts
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FIGURE7 | Fine-needle aspiration of a normal ovary. Modified Giemsa stain. (A) Mixed population of granulosa and luteal cells. In the center of

the image, a luteal cell with an intact leukocyte in the cytoplasm can be observed (emperipolesis). (B) Luteal and granulosa cells with naked nuclei

in a background with red blood cells and leukocytes.

o o 06 05 Tmm

sﬂRMﬂﬁﬂﬂ !nm

T
002040608 Imm

FIGURES8 | Ovarian histology. (A) Follicular group, queen number 1. Antral follicles with visible oocytes are observed (arrows); (B) Luteal group,
queen number 15. A corpus luteum (*) and antral follicles with visible oocytes (arrows) can be observed; (C) Luteal cells group, queen number 16.
Antral follicles with visible oocytes (arrows) and luteal cells not organized as a CL (arrowheads) are observed; (D) Anestrus group, queen number 21.

Antral follicles with visible oocytes are observed (arrows).

and tumors are the most commonly documented diseases diag-
nosed by cytology [17, 18], demonstrating that this tool has good
agreement (94.7%) with histology to diagnose canine ovarian
pathologies.

According to the authors’ knowledge, this is the first time that
cytological features of feline ovaries throughout different sex-
ual phases, sustained by histologic and hormonal findings, are

described in the literature. In the present study, only the specific
type of cells showed statistically significant differences among
the groups. Thus, whereas granulosa cells were observed in all
the sexual stages, luteal cells were present only in the cytology of
those queens in the luteal phase. This is an expected result since
those were the only females showing an evident CL in ovarian
histology. This finding agrees with that previously described by
Piseddu et al. [16] in dog ovaries.
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Mesenchymal cells were observed in the ovarian cytology in all
the groups. However, lower numbers were detected in the ani-
mals belonging to the follicular phase. The presence of mesen-
chymal cells in ovarian cytology has been previously described
in the canine ovary [16, 18], although they were not associated
with any specific estrous stage. In the canine ovary, the exact
origin of these cells was not determined, but they were classified
as probable fibrocytes and fibroblasts.

In addition, recent publications support the presence of ovarian-
derived mesenchymal stem cells (MSCs) in the canine ovary
[26]. Those cells appear morphologically as mesenchymal cells
and express mesenchymal markers. The ovary is a constantly
changing organ. Injury occurs during follicular rupture and
ovulation, leading to a constant remodeling process. The pres-
ence of MSCs in the ovary has been suggested to be involved in
tissue repair after ovulation. Furthermore, these cells are sus-
pected to contribute to form granulosa cell-like epithelial cells
[26]. Thus, the presence of mesenchymal cells in the feline ovary
may also be associated with the reparation processes.

The presence of mitotic figures in cytology also showed signifi-
cant differences among the evaluated groups. Mitoses were only
present in the follicular and anestrus groups. The transforma-
tion of primordial follicles into secondary and further antral
follicles involves the proliferation of the granulosa cells [27]. In
women's ovaries, the mitotic index of granulosa cells increases
along with the diameter increase in the ovarian follicles [28],
thus being related to folliculogenesis. In our samples, the exact
origin of the cells undergoing mitosis was not determined; how-
ever, based on the cytologic features, granulosa cells were sus-
pected. However, other similar-appearing cells, such as ovarian
germinal cells, cannot be excluded [16]. Likewise, in the present
study, the highest percentage of mitotic figures was observed in
queens from the follicular group, which is expected.

Large, multinucleated structures were also present in all the
groups, with no association with any specific sexual stage.
According to the authors’ knowledge, the structures have not
been previously described, and their exact origin is undeter-
mined. These structures may correspond to pyknotic granulosa
cells due to their large size and the presence of a multilobulated
condensed nucleus, or multinucleated giant cells. Multinucleated
giant cells have been previously described in histopathology
studies of mouse ovaries and have been associated with aging
[29]. Such cells have not been observed in the histopathology
samples from our study. Therefore, we cannot conclude the
exact origin of these structures. No correlation between these
cells and the reproductive stage was observed.

Finally, variable numbers of leukocytes were present, predomi-
nantly neutrophils and lymphocytes, with few eosinophils. The
presence of leukocytes was associated with blood contamination
in most samples. However, in four smears from the luteal phase
group, a higher proportion of leukocytes were admixed with
the luteal cells and, sporadically, in their cytoplasm, suggesting
that leukocytes were truly present in the ovary. The presence of
leukocytes in the cytoplasm of other cell types is known as em-
peripolesis. Luteal emperipolesis has been previously reported
as a novel feature in normal canine ovaries [16] and other spe-
cies, including humans, pigs, and rats [30-32].

Leukocytes play a crucial role in reproduction as they are consid-
ered potent in situ modulators of ovarian function. Their infil-
tration and distribution in the ovary are orchestrated by changes
in reproductive hormones, such as steroids and gonadotropins,
throughout the estrous cycle. The main functions related to the
presence of leukocytes in the ovary are the loosening of the fol-
licular wall to facilitate follicular growth and ovulation, tissue
repair after the follicle rupture and contribution to the luteal for-
mation and regression [30, 31].

Ovarian cytology may be a powerful technique to diagnose pa-
thologies, and the knowledge of the specific physiologic features
is mandatory to distinguish a pathologic statement. Cytology
has been demonstrated to be a reliable tool to diagnose certain
types of canine ovarian neoplasia. In cats, the information on
ovarian cytology is scarce and is limited to neoplastic processes
[18]. However, the small size of the queen ovaries impairs the
sampling obtention, limiting its usefulness to cases where the
organ is remarkably increased. In that scenario, and as similarly
described in other species, it should also be taken into consider-
ation that cytologic investigations of ovarian masses may induce
tumor spillage, and their use should be limited to patients with
evident metastatic disease or with a low body condition that does
not allow the possibility of exploratory laparotomy [17]. Another
limitation of the present study is that it uses one ovary for cyto-
logic purposes and the contralateral one for histologic purposes.
Since ovaries are synchronized structures, sampling both would
provide a more reliable and robust diagnosis. However, the FNA
technique may alter the ovarian structure and, hence, impair the
histologic assessment. Therefore, one of the ovaries was used for
cytology purposes, and the other was used for histologic evalua-
tion. Of course, some variability between ovaries may be missed.
Furthermore, in the present study, the groups were not evenly
represented, and they included a low number of individuals. An
additional limitation of the present study is that the leukocyte
scoring system applied was designed as a semi-quantitative de-
scriptive tool rather than a true measure of leukocyte infiltra-
tion within the ovarian parenchyma. Peripheral blood leukocyte
counts were not available for the included animals, precluding
comparison between circulating and tissue leukocyte popula-
tions. Furthermore, leukocytes were not quantified relative to
parenchymal ovarian cells, as the cytologic nature of the sam-
ples and the variable cellularity did not allow for reliable nor-
malization. Consequently, leukocyte evaluation was restricted
to assessing whether their presence was suggestive of being pro-
portional to blood contamination or suggestive of representing
true tissue-associated leukocytes. Future studies incorporating
paired peripheral blood analyses and quantitative approaches
would be valuable to better characterize leukocyte infiltration
in ovarian tissue. Lastly, the authors acknowledge that evaluat-
ing certain parameters on a per-cell basis, rather than grading
them as a percentage per field of view, may be more accurate
for future studies in this field. However, the methods used for
evaluation remain heterogeneous across the existing literature.

5 | Conclusions
The cytologic description of healthy cat ovaries is a necessary

preliminary step for the correct interpretation of the cytol-
ogy of this organ. Ovarian cytology varies according to the
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reproductive cycle. Luteal cells are present in the corpus luteum
(CL) during the luteal phase. In contrast, mesenchymal cells are
more common in the follicular and luteal phases, and mitotic
figures are found in the anestrus and follicular phases.
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