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a b s t r a c t

In cases where semen collection in tom-cats is not possible, FNA of testes is the alternative to evaluate
sperm production. Although this technique for the diagnosis of fertility problems has been well discussed
in other mammals (men, dogs, stallions), data for domestic cats are limited. Therefore, the aim of this
study was to verify the reliability of FNA using needles of small diameters (22G and 29G) in testes of
domestic cats of different ages to assess the spermatogenesis status and to present description of germ
cells and Sertoli cells for cytological examinations. Thirty-four mixed breed cats aged between four
months and two years presented for neutering to a Veterinary Hospital were used in this study. Under
general anesthesia, testicular measures and FNA were followed by orchiectomy and imprints of the
parenchyma of testes and epididymides. Cats were assigned into 3 groups: (G1) 10 cats aged less than 6
months, (G2) 14 cats aged between 6 months and one year and (G3) 10 cats aged more than one year.
Cats weighted between 1.5 and 6.0 kg. The mean testicular volume (TV cm3) was 0.55 (G1), 1.18 (G2) and
2.66 (G3). Hemorrhages in the needle path were observed in more than 70% of testes. Few samples (4/68)
were excluded due to blood contamination. All germ cells and Sertoli cells were identified and quantified
in imprint and FNA smears. Incomplete spermatogenesis was observed in cats aged less than 6 months
using both techniques (FNA and imprint); therefore, testicular FNA should not be recommended for cats
at this age. Complete spermatogenesis was found in 64% of cats aged from 6 months up to one year and
in all cats aged more than one year. There were no differences of Sertoli cell Index (SEI) and Spermatic
Index (SI) between FNA and imprints of cats older than 6 months. In conclusion, FNA using needles of
small diameter in the testes of domestic cats is viable, reliable and can be used as a tool for the analysis of
the spermatogenesis status of cats older than 6 months, mainly in cases in which semen collection is not
possible.

© 2017 Elsevier Inc. All rights reserved.
1. Introduction

Since testicular fine needle aspiration (FNA) was first described
by Posner in 1905 [1], the applicability of this technique in men has
been widely discussed to help in the diagnosis of fertility problems
[2e6]. More recently, important studies have been carried out in
other mammals like equine, canine and feline to elucidate and
standardize the use of testicular FNA for the same purpose [7e14].

The first description of testicular FNA in small animals presented
a detailed discussion of the technique and its use in cases of
dmar Gonzaga, 1346, 88034-
infertility in dogs [7]. The authors pointed out that cytological ex-
amination must be performed after proper anamnesis, testicular
palpation and semen analysis; in addition, they confirmed that
testicular FNA results were well correlated with histological find-
ings. In other study [8], in addition to clinical exam and semen
analysis, testicular volume carried out before testicular FNA pro-
vided valuable information about the spermatogenesis of four male
dogs.

Testicular FNA is not only a valuable and effective tool for male
reproductive evaluation, but also for the choice of a proper therapy.
Based on the findings of testicular FNA, it was possible to treat and
recover normal ejaculation of an azoospermic dog [9].

Although previous studies have discussed about testicular FNA
technique in veterinary medicine [7e16], the detailed description
of cells in testicular cytology specimens was only published later by
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Santos et al. [10] and Leme and Papa [11,16] for dogs and horses,
respectively.

Testicular FNA in tom-cats is a viable alternative to evaluate
sperm production when semen collection is not possible [14]. In
feline, testicular FNA was first described in the reproductive eval-
uation of three jaguars with increased number of abnormal sper-
matozoa through semen analysis [12]. In these cases, FNA cytology
of testes was useful in identifying abnormal binuclear late sper-
matids. Other results have shown a close relationship between
semen and cytological findings.

The evaluation of spermatogenesis using FNA is based on the
presence and quantification of germ cells and Sertoli cells [2,7,16].
Basically, Sertoli cells have been considered a stable population and
in relatively constant number per length unit in the seminiferous
tubules of different species, as well as in cats [17e20]. Therefore,
the number of Sertoli cells with respect to one hundred germ cells
counted in testicular FNA smears has been used as an index (Sertoli
cell index-SEI). This index estimates the spermatogenesis potential.
Also, the percentage of spermatozoa per one hundred germ cells
(Spermatic index- SI) in testicular FNA smears has been related to
the ultimate spermatozoa production [9,10,20].

In cases of reproductive evaluation or for assisted reproduction,
the testes of tom-cats can be considered small for testicular FNA
technique; however, a detailed study about the impact of the
testicular fine needle punctures concluded that testicular FNA in
tom-cats should be considered a safe procedure [14].

In order to contribute to the standardization of testicular FNA in
tom-cats, the aim of this studywas to present a detailed description
of the technique and the characteristics of germ cells and Sertoli
cells in smears of tom-cats of different ages.

2. Materials and methods

Experimental procedures were performed in accordance with
the Institutional Ethics Committee of School of VeterinaryMedicine
and Animal Science (FMVZ), S~ao Paulo State University (UNESP),
concerning the protection of animals used in scientific experi-
mentation. Thirty-four mixed breed cats aged between 4 months
and 2 years presented as patients for neutering to the Veterinary
Hospital of FMVZ-UNESP, Botucatu, S~ao Paulo, Brazil, were used in
this study. Cats weighted between 1.5 and 6.0 kg. Based on age,
animals were assigned into three groups: (G1) 10 cats aged less
than 6 months, (G2) 14 cats aged between 6 months and one year
and (G3) 10 cats aged more than one year. Only cats considered
healthy by clinical and laboratorial preoperative examinationswere
included.

2.1. Anesthesia

Food and water were removed from cats for 12 h and 2 h,
respectively, before anesthesia. General anesthesia was induced
with a combination of ketamine hydrochloride (Dopalen®, Vet-
brands do Brasil, Paulínia, Brazil; 15 mg/kg; im) and xylazine hy-
drochloride (Xilazin®, Syntec do Brasil, Cotia, Brazil; 1 mg/kg; im).
Anesthesia was maintained with halothane (Tanohalo®, Crist�alia,
Itapira, Brazil) for testicular measurements, FNA procedures of
testes and orchiectomy. Cats recovered from anesthesia after or-
chiectomy in a separated room and were conducted by owners for
advised post-operatory at home.

2.2. Testicular size

Both testes were measured using a graduated caliper in order to
obtain testicular size. Length, width and height measures were
recorded and then used to calculate testicular volume using the
following formula of an ellipsoid: 4/3p x (length/2) x (width/2) x
(height/2). The volumes of both testes for each cat were combined.

2.3. Testicular FNA technique

Scrotum skin was made aseptic before punctures. The testis was
firmly held against the scrotum by the gloved hand of the
researcher. A sterile needle (22G x 1¼” needle for the right testis
and a 29G x 1/200needle for the left testis) connected to a 10 mL
syringe (BD SoloMed, Brazil) were used. The needle was gently and
perpendicularly advanced from lateral to medial into the paren-
chyma of testes to avoid blood vessels and the epididymis. After the
introduction of the needle tip in the testis, the plunger was pulled
half way back to make a vacuum inside the syringe. With the
plunger pulled back, the needle was kept within the testis for
approximately 3s. This procedure dislodged cells and displaced
them into the needle. The plunger was released before with-
drawing the needle from the testis. The needle was detached from
the syringe to prevent the sample from blood contamination.
Digital pressure was immediately applied to the puncture site to
promote haemostasis.

A new puncture was immediately performed at a slightly more
cranial or caudal site of the same testis when the sample obtained
was judged insufficient or presented blood contamination.

The needle containing the material was reattached to the sy-
ringe after filling it with air. The plunger was pressed to expel the
sample onto a glass slide. The samples obtained from both tech-
niques were classified according to their characteristics (macro-
scopic and microscopic) immediately observed after sample
collection.

The smear was gently prepared, air-dried and stained with fast
Diff-Quick (Panotic) (Laborclin, Brazil). Smears were examined us-
ing light microscope at magnification of �400 to �1.250 for the
identification of testicular cells according to Foresta et al. [2,20],
Santos et al. [10] and Leme and Papa [11]. Two-hundred germ cells
were identified, counted and recorded as the following: sper-
matogonia, primary spermatocytes, secondary spermatocytes, early
spermatids, late spermatids and spermatozoa. Germ cells were
expressed as percentages and the percentage of spermatozoa
related to the total number of germ cells was expressed as sper-
matic index (SI) [20]. While counting germ cells, Sertoli cells be-
tween themwere recorded apart as Sertoli cells/100 germ cells and
expressed as Sertoli cell Index (SEI) [20].

2.4. Examination of the testicular parenchyma

After conventional orchiectomy, both testes were longitudinally
sectioned in order to verify macroscopic parenchyma lesions ac-
cording to hemorrhage diameter found around the needle path
(Fig. 1). Lesions were classified as: fine hemorrhage (diameter less
than 5 mm), intermediate hemorrhage (diameter between 5 and
10 mm) and large hemorrhage (diameter larger than 10 mm).

2.5. Testicular imprint

Imprints of both testes were carried out after testicular paren-
chyma examination. A glass slide was gently pressed against the
parenchyma surface longitudinally sectioned avoiding the area
with hemorrhage. Imprints were air-dried, stained with Diff-Quick
(Panotic) (Laborclin, Brazil), examined using light microscope at
magnification from �400 to �1.250. Identification and quantifica-
tion of cells from seminiferous epithelium were performed ac-
cording to Santos et al. [10] and Leme and Papa [11]. Quantification
of testicular cells followed the same procedure used in smears of
the FNA technique.



Fig. 1. Hemorrhagic lesions observed in the testicular parenchyma of an adult cat after
puncture using a 29G x 1/200 needle. Scale bar indicates 2 mm.
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2.6. Epididymal imprint

In order to perform epididymal imprint, epididymides from
each cat were sectioned and a glass slide was carefully pressed
against its cut surface. Imprints were air-dried, stained with the
modified Karras method [21] and examined using light microscope
at magnification from �400 to �1.250. Samples were observed to
verify the presence or absence of spermatozoa.
2.7. Statistical analysis

The mean value was used as a measure of central tendency and
the standard deviation (SD) was used as a measure of variability for
the quantification of germ and Sertoli cells in both techniques (FNA
and imprints). Samples with no material were scored “zero” and
used only for comparisons between techniques. Comparisons be-
tween cellularities were performed separately for G2 (cats aged
between 6 months and one year) and G3 (cats aged more than one
year) for a multiple comparisons test at p < 0.05 using General
Linear Models (GLM procedure) of the Statistical Analysis Systems
Institute (SAS Institute Inc., Cary, NC, USA) [22]. Firstly, imprints
between left and right testes were compared in order to verify if
both testes in G2 and G3 presented similar proportions of each cell
type. Thereafter, the proportions of each cell in the same testis in G2
and G3 were compared between imprint and FNA smears (22G x
1¼” needle for the right testis and 29G x 1/200needle for the left
testis).
3. Results

The mean testicular volume (TV cm3) was 0.55 (G1), 1.18 (G2)
and 2.66 (G3). Macroscopic lesions in the testicular parenchyma
after needle puncture (22G and 29G) are described in Table 1.
Table 1
Macroscopic lesions in the testicular parenchyma after needle puncture (22G needle
for the right testes and 29G needle for the left testes) found in domestic cats of G1-
cats aged less than six months (n ¼ 10); G2-cats aged between six months and one
year (n ¼ 14); G3-cats aged more than one year (n ¼ 10).

G1 G2 G3

Macroscopic lesions 22G 29G 22G 29G 22G 29G
No lesions 30% 30% 21% 21% 0 10%
Fine hemorrhagea 40% 40% 7% 7% 20% 50%
Intermediate hemorrhagea 20% 20% 29% 29% 50% 20%
Circular hemorrhagea 10% 10% 43% 43% 30% 20%

a Lesions found only in the needle path.
To obtain enough material for classification, two attempts of
both techniques in each testis were performed. The characteristics
and the number of testicular samples for cytological examination
obtained by fine needles and imprints in the three groups of do-
mestic cats are shown in Tables 2 and 3.

Imprint and FNA smears had a variety of arrangements of germ
cells and Sertoli cells (Fig. 2). Leydig cells were occasionally seen
among arrangements only in imprint cytology smears. Erythrocytes
and leukocytes were present due to blood contamination of some
testicular samples during the performance of techniques (imprint
or punctures). Mucus like fluid was occasionally observed between
cells and structures. Damaged cells, deformed naked nuclei and
cytoplasm fragments were frequent in the background of smears
(ranged between 10 and 29% of 200 consecutive identified germ
cells). Unidentified structures and cells that are not part of the
seminiferous epithelium were not counted, as described in the
methodology of this study.

The different cell types identified on cytological evaluation are
depicted in Fig. 3.

Cells with two, three or four nuclei were found and classified
according to their morphological and staining characteristics. Giant
multinucleated cells were not observed.

Early spermatid was the oldest germ cell type found in only 2/10
cats aged less than 6 months. FNA samples obtained from G1 did
not provide enough data for comparing techniques. Quantification
of testicular cell types and Sertoli cells in cytological exams ob-
tained by imprints and fine needle aspiration (22G and 29G), per-
formed in G1, G2 and G3 are shown in Tables 4 and 5, respectively.

No spermatozoa were identified in testes and epididymis of cats
less than six months old. In cats aged between six months and one
year, 64% presented spermatozoa in testes and 50%, in epididymis,
whereas spermatozoa were present in testes and epididymis of all
cats aged more than one year.
4. Discussion

FNA has already been used in the testes of dogs with needles
sizes 20G [7], 21-23G [9] and 19-23G [13]. It was possible to
perform testicular punctures using fine needles of two different
sizes, 22G x 1¼” and 29G x 1/200needles in cats aged older than 6
months with testicular volumes between 1.18 and 2.66 cm3. Few
samples were unviable due to the presence of blood; however,
hemorrhages could be observed in more than 70% of testes,
regardless of needle size. The hemorrhages observed in this study
were restricted to the path taken by the needle, varying between
fine and circular areas (less than 0.5 cm in diameter), which is in
agreement with a previous study also in cats [14]. The impact of
FNA on feline testes using 26G needle caused hemorrhagic areas in
20 out of 24 testes observed only during the first post-aspiration
week [14].
Table 2
Characteristics and percentages of suitable samples obtained from testicular fine
needle aspiration using 22G needle for the right testes and 29G needle for the left
testes, in domestic cats of G1-cats aged less than six months (n ¼ 10); G2-cats aged
between six months and one year (n ¼ 14); G3-cats aged more than one year
(n ¼ 10).

22G (Right Testes) 29G (Left Testes)

G1 G2 G3 G1 G2 G3

No material 40 14.3 30 20 21.4 0
Blood only 0 0 10 20 10 10
Blood and Sertoli cell only 30 14.3 0 20 14.3 0
Sertoli cell only 20 14.3 0 40 14.3 0
Germ cells and Sertoli cells 10 57.1 60 0 50 90



Table 3
Characteristics and number of suitable samples obtained from testicular imprint
cytology in domestic cats of G1-cats aged less than six months (n ¼ 10); G2-cats
aged between six months and one year (n ¼ 14); G3-cats aged more than one
year (n ¼ 10).

Imprint Right Testes Imprint Left Testes

G1 G2 G3 G1 G2 G3

No material 20 0/14 0 10 0/14 0/10
Blood only 0 0/14 0 0 0/14 0/10
Blood and Sertoli cell only 30 14.3 0 50 0/14 0/10
Sertoli cell only 0/10 14.3 0 20 21.4 0/10
Germ cells and Sertoli cells 50a 71.4 100 20b 78.6 10/10

a Spermatogonia only.
b Spermatogonia to early spermatids.

Fig. 2. Testicular FNA cytology of an adult tom cat with normal spermatogenesis.
Spermatogonium (G), primary spematocytes (CI), Early spermatids (Es), late sperma-
tids (Ls), spermatozoa (Sz), Sertoli cells (S) in a Diff-Quick-stained smear using light
microscopy. Scale bar indicates 10 m.
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Further studies are necessary to verify the consequences of
testicular FNA in the sperm production of cats, mainly in cases that
testicular FNA is used in addition to semen evaluation. Testicular
FNA has proven to be safe for sperm production in dogs, horses and
men [7,11,13,20].

Morphologic characteristics of testicular cells were similar by
imprint cytology and FNA, except for Leydig cells, which were
observed only in imprints. It is possible that Leydig cells are not
observed in FNA smears due to the fact that their cytoplasms full of
vacuoles [10] were damage as a result of aspiration or smear pro-
cesses, or because they were strongly attached to the interstitium.
In a previous study, the identification of spermatogenic cells, Sertoli
cells and Leydig cells of dogs in testicular imprints showed the
possibility of extending such results to FNA [10]. Other studies have
used imprint cytology with success as control of FNA cytology in
men and alpacas [23,24]. In this study, the morphologic and
staining characteristics of testicular cells were similar to those
described in dogs, stallions and men [2,10,11,20,25]. There were no
specific findings that could differentiate characteristics of the
testicular cells of domestic cats from other mammals already
studied.

In this study, no spermatozoa were identified in cats less than
six months old in examinations performed in both FNA and
testicular imprints and in imprints of the epididymides [26,27].
This probably occurred because, at this age, seminiferous tubules
present only one cell layer and few tubules have tubular lumina
[26]. Once cats aged less than six months probably presented
incomplete spermatogenesis, testicular FNA for spermatogenesis
analysis should not be recommended for cats at this age.
On the other hand, in domestic cats aged over six months,
testicular FNA proved to be a feasible and effective technique; not
only for providing enough samples for cytology of testes, but also
for being minimally invasive [14].

A complete spermatogenesis was observed in 64% of cats aged
from six months up to one year by both imprint and FNA, which
could be confirmed by the presence of epididymal sperm [26,27]. In
these cats, there were no quantitative differences between imprint
and FNA cytology (using both needles); therefore, FNA provided
representative samples of the spermatogenesis status and can be
used for this purpose. All cats older than one year presented
complete spermatogenesis observed by both techniques (Imprint
and FNA) [26,27]. permatozoa and Sertoli cells indexes were not
different between techniques or between FNA using 22G or 29G
needles when performed in cats older than 6 months. Since SEI and
SI represent the potential and efficiency of spermatogenesis
[9,10,20,23], these results confirm that testicular FNA is suitable for
spermatogenesis analysis in adult cats [14].

The small percentages of secondary spermatocyte presented in
this study were also observed in other species and can be explained
by its short life span [3,11,20]. Similar germ cell percentages found
in imprints and FNA smears of cat aged between six months and
one year were also observed in other mammals, including men
[3,8e11,20]. Percentages of sparmatogonia, primary spermatocytes
and spermatids were different between imprints and FNA smears
only in cats older than one year. The cause for these differences
between techniques in adult cats is unknown. Sometimes it may be
difficult to differentiate spermatogonia from primary spermato-
cytes [25]. For spermatids, the differences between techniques may
have occurred because these cells were generally observed in
groups with different numbers, and heterogeneously distributed in
the glass slide. In alpacas [24], quantitative differences were
observed in Sertoli cell index (SEI) between testicular FNA and
imprint smears, which may have been a result of the preparation
process. In this study, we found unidentifiable structures in the
background of the slide that may be cells rupture during sample
preparation. Nevertheless, both techniques presented increasing
percentages from spermatogonia to spermatids corresponding to
the progression of germinative cell maturation through sper-
matogenesis, and no difference was observed in SEI and SI values
between techniques. Therefore, the interference of ruptured cells
was somewhat less probable, since there were no differences in SEI
and SI between the techniques used in this study.

Performing and interpreting testicular FNA requires training and
special care in the different stages: delicate aspiration of the testes,
gentle preparation of smears and detailed description of the
cellular characteristics. Training is also critical to identify the germ
cells according to the stage of spermatogenesis or the possible
amount of ruptured and unclassifiable cells, as well as for accessing
the testes without causing lesions. It is important to emphasize that
themoremature the spermatogenic cells, the better preserved they
will be [25] and, although Sertoli cells are easily broken, their nuclei
are easily identifiable [2,20,25]. Thus, an immediate result of the
testicular FNA would be given by the presence of spermatozoa in
the smears showing that the spermatogenesis is complete. On the
other hand, differential counting of germ cells and Sertoli cells to
calculate the proportions and the numeric relationships between
spermatogenic cells and Sertoli cells (SEI) had already been
described as an important tool to the diagnosis and therapy of
azoospermic and olizoospermic dogs [9] and men [2,3], and of a
case of transitory testicular degeneration in a stallion [28].

The lack of information about tubular diameter, basement
membrane, seminiferous epithelium architecture and interstitial
tissue are limitations of the imprint and FNA techniques [7,25]
when compared to testicular biopsy. Although there were



Fig. 3. Cell types identified on cytological evaluation in cats with normal spermatogenesis. Spermatogonia (A) - round to oval large nucleus strongly stained in pink with regular
edges and thin but dense chromatin; scant to thick cytoplasm stained with different blue/violet intensities. Primary spermatocytes (B) - slightly oval to elongate nucleus stained in
deep pink with irregular edges (resembling a wool ball), cytoplasm (when present) stained in different blue/violet intensities. Secondary spermatocytes (C) - central nucleus round
to oval with regular edges, stained in pink, intermediate size among those of primary spermatocytes and early spermatids. Finely granular chromatin homogeneously dispersed in
the nucleoplasm. Medium size cytoplasm faintly stained in violet. Early Spermatids (D) - round to triangular nucleus, eccentrically located with a fine and sparse granular chromatin
stained in pink; vacuolated cytoplasm stained with different blue/violet intensities; acrosomal vesicle adjacent to the nuclear membrane. Late spermatids (E) - arrow-shaped
nucleus with a dense chromatin deep stained in violet; scarce cytoplasm in the opposite side of the “arrowhead”. Spermatozoa (F) e smallest germ cell with an acrosome
weakly stained, residual cytoplasm bodies in the neck and middle piece. Sertoli cells (G) e round or slightly oval naked nuclei with a finely granular and uniform chromatin and
prominent nucleolus markedly stained in violet tones; smooth and regular nuclear contour stained in violet or purple. Leydig cells (H)- found only in smears from imprint cytology,
round nucleus with one or two nucleoli, centrally or eccentrilly located, stained in deep purple; cytoplasm full of vacuoles that resemble a web around the nucleus. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 4
Quantification (percentages) of testicular cell types and Sertoli cells in cytological exams obtained by testicular imprints (TI) and fine needle aspiration (22G Right and 29G
Left), performed in domestic cats aged between six months and one year (G2, n ¼ 14).

Cell types (%) A B C D A x B A x C B x D

TI Right (N ¼ 10) TI Left (aN ¼ 10/11) 22G Right (N ¼ 10) 29G Left (n ¼ 7) TI Right x TI Left TI Right x 22G Right TI Left x 29G Left

Mean ± SD Mean ± SD Mean ± SD Mean ± SD P value P value P value

Spermatogonia 4.10 ± 2.07 4.50 ± 4.69 2.94 ± 1.97 1.78 ± 1.49 0.80 0.07 0.16
Primary spermatocytes 10.15 ± 3.94 16.54 ± 22.47 10.00 ± 6.55 7.00 ± 5,46 0.38 0.41 0.29
Secondary spermatocytes 0.25 ± 0.35 0.40 ± 0.56 0.13 ± 0.35 0.21 ± 0.56 0.48 0.33 0.51
Early spermatid 43.75 ± 15.76 44.80 ± 11.41 44.75 ± 10.51 38.00 ± 12.05 0.86 0.35 0.25
Final spermatid 27.50 ± 11.35 29.90 ± 11.51 30.75 ± 10.75 41.50 ± 14.40 0.64 0.64 0.08
Spermatozoa index (SI) 14.25 ± 12.57 11.75 ± 9.91 11.44 ± 9.48 11.5 ± 8.59 0.62 0.32 0.95

Sertoli cell index (SEI) 5.9 ± 3.39 10.65 ± 10.24 8.63 ± 4.13 7.07 ± 3.77 0.18 0.61 0.39

a N ¼ 11 (spermatogonia, primary spermatocytes, final spermatids); N ¼ 10 (secondary spermatocytes, early spermatids, spermatozoa, Sertoli cell).

Table 5
Quantification (percentages) of testicular cell types and Sertoli cells in cytological exams obtained by testicular imprints (TI) and fine needle aspiration (22G Right and 29G
Left), performed in domestic cats aged more than one year (G3,n ¼ 10).

Cell types (%) A B C D A x B A x C B x D

TI Right (N ¼ 10) TI Left (N ¼ 10) 22G Right (aN ¼ 10/9) 29G Left (N ¼ 9) TI Right x TI Left TI Right x 22G Right TI Left x 29G Left

Mean ± SD Mean ± SD Mean ± SD Mean ± SD P value P value P value

Spermatogonia 3.45 ± 1.90 2.80 ± 1.88 2.20 ± 0.95 2.83 ± 1.88 0.45 0.005 0.96
Primary spermatocytes 6.90 ± 4.20 7.35 ± 2.79 6.33 ± 3.78 3.77 ± 3.00 0.78 0.12 0.01
Secondary spermatocytes 0.60 ± 0.46 0.60 ± 0.61 0.75 ± 0.69 0.33 ± 0.55 1.00 0.55 0.33
Early spermatid 43.40 ± 9.07 46.70 ± 8.18 37.33 ± 8.64 33.05 ± 16.34 0.40 0.01 0.03
Final spermatid 31.95 ± 11.46 26.60 ± 11.96 43.50 ± 17.68 48.11 ± 17.94 0.32 0.74 0.006
Spermatozoa index (SI) 13.7 ± 8.37 15.95 ± 6.93 10.08 ± 6.76 11.88 ± 12.75 0.52 0.07 0.39

Sertoli cell index (SEI) 3.45 ± 1.89 5.00 ± 3.51 7.67 ± 4.99 8.72 ± 5.12 0.23 0.38 0.08

a N ¼ 10 (spermatogonia, primary spermatocytes, secondary spermatocytes); N ¼ 9 (early spermatids, final spermatids, spermatozoa, Sertoli cell).
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differences between those techniques, the results regarding sper-
matogenesis function are equivalent between them, histological
versus cytological evaluations (imprint or FNA), and imprint versus
FNA, as observed in this study [2e7,24,25].

In cats aged more than one year SI and SEI were lower than
those estimated for dogs [9,10], which were already considered
lower than those of stallions and men [9,11,20]. This result is in
agreement with a study inwhich Sertoli cells in domestic cats were
considered the least efficient among mammals and the spermato-
genesis efficiency in this species was described as moderate [19].

According to our objectives, we presented results of normal
testes of cats over sixmonths of age, obtained through imprints and
FNA (22G and 29G). Moreover, the present study showed that FNA
using needles of small diameter in the testes of domestic cats is
viable, reliable and can be used as a tool for the analysis of the
spermatogenesis status in this species, mainly in cases in which
semen collection is not possible. However, testicular FNA should be
used only in domestic cats older than six months.
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