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Abstract

The aims of this study were: to ultrasonograhica@scribe and compare testicular
parenchyma echogenicity and heterogeneity usingtatligmage analysis in: |)

prepubertal (PREP), peripubertal (PERI) and mai(MAT) cats; 1) Normal and

abnormal mature felids. Secondary, the relatigpgssbetween histomorphological and
ultrasonographic attributes of the testes were @dtermined. I) Fourteen, PREP, PERI
and MAT male cats were ultrasonographically exachiaed then castrated. 1) Seven
adult cats were ultrasonographically examined lgefand after a GnRH antagonist
administration and then castrated. All the testesevgrossly and histomorphometrically
assessedn the frozen digital images of the longitudinalrabound sections, 3 regions
of interest (ROI, 1 mm2) were selected. Within e&@l the echogenicity and the
heterogeneity of the testicular parenchyma werdallyg analyzed. In experiment I,

testicular volume (0.15+0.0 vs. 0.49%+0.1 vs. 1.6%3+0P<0.01) and gonadosomatic
index (0.04+0.0 vs. 0.05+0.0 vs. 0.08+0.0; P< Q.C4ghogenicity (56.54+0.75 vs.
81.87+5.88 vs.94.67+3.62; P < 0.01) and heterotyeE0.2420+£1.3740 vs.13.65+0.65
vs. 14.67+1.49; P< 0.01) augmented throughout FFERI, and MAT. In experiment

I, testicular volume (1.00 = 0.09 vs. 0.85 £ 0.8 0.05), echogenicity (87.74 £1.53
vs. 83.32 £1.54; P 0.01) but not heterogeneityQ@4 0.26 vs. 14.19 £0.29; P> 0.05)
decreased in the post GnRH antagonist abnormalstdsor both experiments, testicular
volume, seminiferous tubular diameter, percentagspermatids as the most mature
cell type, and luminal/intertubular ratio were Higltorrelated (P< 0.01) with their

echotextural attributes. Computer-assisted imagdysis of B mode ultrasonogram
appears as a good indicator of pubertal developnamd mild alterations of

spermatogenesis in felids.
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1. Introduction

Domestic cats have been increasing in popularitypats over their canine
counterparts. Several explanations for this shaftehbeen postulated including that cats
cost less to keep, and are more feasible in urbtiimgs. Domestic felids have also been
extensively used as models for human diseases anmnd a$sisted reproductive
technologies in wild endangered felids [1]. Witle thcreasing interest in breeding cats
the requests to determine puberty and to investigases of reproductive failure have
become more frequent.

Sexual immaturity and testicular lesions, are cawusk sub and infertility in
domestic cats [2,3]. Both puberty and mild testicuesions are difficult to clinically
diagnose in this species. Although the most aceurast for diagnosis is testicular
biopsy, this “gold standard” procedure is invasared, therefore, rarely performed in
practice. Thus, sensitive, non-invasive diagnostiethods are still required to
contribute to the breeding soundness examinatitimsnspecies

Two-dimensional ultrasonography is a non invasiisgulostic technique that has
been widely used in the andrological exam of moammalian species. Although,
testicular parenchyma is commonly described assa¢i of medium heterogeneity and
homogeneous echotexture [4] these appreciations safgective. The present
availability of high-frequency and resolution equignts has permitted the accurate

evaluation of the cellular composition of a tissAeditionally, digital image analysis
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supports ultrasound findings to be a quantifialdel.t Thus, echogenicity i.e. pixel
intensity is described in terms of numerical valudsch range from 0 (absolute black)
to 255 (absolute white) and heterogeneity as mta@hdard deviation of echogenicity,
which reflects the existence of interspersed hyped hypoechoic areas in a tissue [5].
These quantitative evaluations have been mainkyechout in farm animals testes [5-7]
and there are also some reports in horses and[8®&js Although, fine tuning of this
technique would contribute to the reproductive premiance of this species, to date, no
computer-assisted image analysis of testicularmsinograms appear to have been
published in domestic cats.

Thus the aims of this study were twofold: to ultnasgrahically describe and compare
testicular parenchyma echogenicity and heterogensing digital image analysis in: 1)
prepubertal, peripubertal and postpubertal cats IBnNormal and abnormal mature
feline testes. Secondary, the relationships betwdrstomorphological and
ultrasonographic attributes of the gonads were distermined. In Experiment Il, a
pharmacological model of spermatogenic impairmemss wsed. For this purpose,
acyline, a potent gonadotrophin releasing horm@mRH) antagonist was selected as
spermatogenic disruptor, based on previously desdrdeleterious effects on feline

spermatogenesis [10].

2. Materialsand methods

2.1 Experiment |

2.1.1. Animals
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Fourteen, 5 to 36 months of age, 2.5 to 4.7 kg hweight, prepubertal (PREP),
peripubertal (PERI) and mature (MAT) healthy, cloesl male cats that were born in
our institutional cat colony were included in tsimidy. The animals were kept free in
enriched 5 rhrooms with 14 hours of light/10 dark per day, f&émium commercial
food and given watead libitum. This study was reviewed and approved by the Ahima
Care and Use Committee of the Veterinary Schodhef National University of La
Plata and all experiments were conducted undegufdelines established in The Guide

for The Care and Use of Laboratory Animals, USA.

2.1.2. Ultrasonogr aphic evaluations

Ultrasonographic evaluations were undertaken hpglesexperienced evaluator
using a real time B-mode ultrasound machine (TasiNlemio XG, Japan) with a 14
MHz lineal transducer in both testicles of eachnali All machine settings were
established at the first examination according é&stbimage quality and remained
unaltered for all remaining examinations (Gain: ,1fa@al depth: 2 cm). Acoustic gel
was applied to the transducer and coupled dir¢éattize clipped scrotum with minimum
pressure to obtain the images. The testes wereetinaghe longitudinal and transverse
planes and dimensions were obtained from frozeng@sa using the ultrasound
callipers. Total testicular volume was also caledaas described by Linn et al. (2009
[11]). In the frozen digital images (jpeg of 640480 pixels) of the longitudinal
sections, 3 regions of interest (ROI, 1 Mimvere selected, between the central

mediastinum and the testicular capsule (12 ROl/¥dibhin each ROI the echogenicity
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and the heterogeneity of the testicular parenchymae analyzed using Image J

software (National Institutes of Health, Betheddaryland, USA).

2.1.3. Orchidectomies

A routine open castration was performed [12]. thersurgery, the animals were
pre-medicated with atropine sulfate, (Atropine Stdf John Martin; 0.04 mg/kg,
subcutaneously), acepromazine maleate (Acedan, d&joli 0.03 mg/ kg
subcutaneously), and butorphanol (Torbutol Plus,rt F®odge; 0.2 mg/kg,
intramuscularly). Anesthesia was induced with swodithiopental (Pentovet TM,
Richmond; 8 mg/kg, intravenous). After the malesravendotracheally intubated,
anesthesia was maintained with isoflurane and axygea closed system. After surgery
ketoprofen (Ketofen, Fort Dodge; 1 mg/kg) was itgecsubcutaneously (once) and
then orally every 24 hours for 4 additional day$teAorchidectomy all the cats were

placed for adoption.

2.1.4. Gross, seminal and histological examination

Immediately after surgical removal, the testes weggghed (g). Gonadosomatic
index (%; [13]) was also calculated. The testesevgerctioned longitudinally, placed in
Bouin’s fixative for 24 h and then changed to alWdoh0 and processed routinely with
paraffin embedding. After processing, 5 um sesgations were cut, mounted on slides,
dried, deparaffinized in xylene, rehydrated in g@thanol solutions and stained with
hematoxylin and eosin. All histological determioats were made by a single operator

without knowledge of the age at which the animatsercastrated
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Histological images were obtained from a microsc@Pmpus BX50, Tokyo, Japan);
10X or 40X through an attached digital RGB videmesaa (Omax A35180U3, China)
and digitalized in a 24 bit true color TIFF form@en round tubular profiles per testis
were evaluated for mean tubular diameter (um), ngeaminal epithelium height (um),
as well as the identification of the most develogedn cell found in the seminiferous
tubules of each cat.The percentages of tubular cross sections contpidifferent
identified most mature cell were recorded. The propn of the tubular/intertubular
and luminal/intertubular compartments were alsecuated. Images were analyzed by
planimetry (Image Pro Plus v6.0-Media Cybernet&ibjer Spring, MA, USA).
Peripubertal state (PERI) was defined when tubdiameter was 100 -150 um
and a multilayer germinal epithelium (up to therspatide or spermatozoa stage) was
present in more than 50% of the tubules. Lower lagter values were considered pre

(PREP) and mature (MAT) states, respectively [14].

2.2. Experiment 11

2.2.1. Animals and phar macological protocol

Seven, 1 to 3years old, 3.2to 4.8 kg, cross-betile cats from our
institutional cat colony were administered acylifontraception & Reproductive
Health Branch Center for Population Research, NBethesda, MD, USA) 33Qg/kg
SC once a week for 4 consecutive weeks. Acylinetjdd2Nal-D4CIPhe-D3PalSer-
Aph(ac)-DAph(Ac)-Leu-Lys(lpr)-Pro-D-Ala-Nh2] was @vided in a lyophilized
powder which was suspended in sterile distilledewdtoncentration, 2 mg/mL).The

antagonist dose and frequency of administratiorevsetected according to our previous
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studies [10,15]. The animals were kept under tipeemental conditions described for
Experiment I. This study was reviewed and approbgdhe Animal Care and Use
Committee of the Veterinary School of the Natiokaliversity of La Plata and all

experiments were conducted under the guidelineblkstied in The Guide for The Care

and Use of Laboratory Animals, USA.

2.2.2. Follow up

Testicular ultrasound evaluations were carried oné week before treatment
(PRETR) and one week after the last antagonist mdtmation (POSTR). Then all the
cats were submitted to orchidectomies. Immediadéigr surgical removal, the testes
were grossly and histologically assessed. All atireographic and histological
procedures were carried out as explained for Expent |I. The castrated cats were also

placed for adoption.

2.3. Statistical analysis

Normality of obtained data of both experiments wasfirmed by Shapiro-Wilk
test. Gross testicular parameters and ROIs eciogeand heterogeneity values of the
3 groups (PREP vs. PERI vs. MAT) of Experiment tdhe 2 groups (PRETR vs.
POSTR) of Experiment Il were compared by one wayOAMA followed by Tukey test
and paired Student’s t test, respectively. For bateriments, echotextural parameters
were correlated with gross and microscopic attebubf the testes by Pearson
correlation test. Descriptive statistic was expedsas meanzSEM and the level of

significance was set at P < 0.05 (SPSS, Inc., @bick, USA).
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3. Results

In Experiment I, 6, 2 and 6 cats were histomorphooaly classified as PREP,
PERI, and MAT, respectively. Testicular volume Q.0 vs. 0.49+0.1 vs. 1.65%0.1,;
P<0.01) and gonadosomatic index (0.04+0.0 vs. @@bws. 0.08+0.0; P< 0.01)
increased with reproductive development, showirffeidinces among the 3 groups.
Both echogenicity (P< 0.01) and heterogeneity (F3d)0also augmented throughout
PREP, PERI, and MAT (Fig. 1).

In Experiment Il, acyline caused mild histologisglermatogenic impairment with a
diminution of 34% and 18% of normal germinal heiglmd tubular diameter,
respectively when compared to what has been repéstenormal testes in this species
[13]. In this experiment, testicular volume (cc@+0.09 vs. 0.85+0.1; P < 0.05) and
parenchyma echogenicity (P = 0.01) but not hetereipe (P > 0.05fig. 2) decreased
in POSTR. Correlations between gross (dfsgp 3) and histomorphological testicular

parameters with echotextural attributes of botheexpents are shown ihable 1.

4. Discussion

Male cats are particularly difficult to androlodigaexamine not only because of
their comparatively reduced body size but alsotli@ir innate tendency to experience
stress requiring sedation or even anesthesia foommaneuvers. Thus, in this study,
computer-assisted image analysis of B mode ultag@am was evaluated as a non-

invasive technique to contribute to the male caeding soundness examination.
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As expected, in the growing cats of Experiment dstitular volume and
gonadosomatic index increased up to what has beeviopsly described as adult
values [13]. In line with reports in humans [16]pinants [5,17-19] and horses [9], in
these cats, computer-assisted analysis of testiglitasonograms could differentiate
pre from postpubertal state.

In domestic felids, the same as in other mammhlaésphset of spermatogenesis
during peripubertal development is accompaniedHanges in testicular microstructure
[14]. An increase of seminiferous tubule diametedt imen as well as of the epithelial
height, due to the appearance of more mature spegerac cell types, occur [19].
Thus, the increase in echogenicity is associatéll tese testicular changes leading to
the onset of pubertal spermatogenesis [5,17,20jth€umore in agreement with a
similar study in ram lambs, the seminiferous tubalameter of the present study had
the strongest correlation with testicular echotex{8].

To investigate the echotextural characteristicsadtilt cats with impaired
spermatogenesis, a suitable pharmacological modsl wged for Experiment Il. As
previously reported [15], in these cats, the GnREgonist treatment reduced testicular
volume causing mild seminiferous tubular deteriorawvhich could mimic subfertility
cases. In spite of these mild histomorphometritideisr changes, computer-assisted
image analysis of B mode ultrasonogram could dfiéate abnormal from normal
spermatogenesis by a significant decrease in pit@hsity. Although it can be assumed
than more severe lesions, e.g. testicular degeoerat atrophy, could be quantitatively
more evident, the reproductive importance to theisé stage lesions is much less
clinically relevant. Similarly, in bulls echogertigidecreased in the first 2—3 weeks after
scrotal insulation, coincidently with the diminution sperm motility and normal

morphology [21]. In stallions, retained abdominaktes have also lower and less

10
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heterogeneous echogenicity than scrotal testeslf9omestic dogs, poor seminal
qguality has been associated with decreased pameracleghogenicity [22] and future
sperm motility was positively related to gonaddi@genicity [23].

Testicular spermatogenic cells are known to affieetgrey-scale appearance of
scrotal ultrasonograms [5] and changes in the csmpo of tubular cell population
affect echotexture. Thus, in both experiments, tyelogical and echotextural
correlations shifted from negative with the lesduracell types -i.e. spermatogonias -
to positive with the more mature cell types - ielongated spermatids- in
spermatogenesis evidencing a marked increase agenltity.

It was concluded that, in domestic cats, testicprenchyma variations were
accompanied by changes in their echotexture, ttamputer-assisted image analysis of
B mode ultrasonogram appears as a good indicatpuloértal development and mild
alterations of spermatogenesis. Further researehlanger number of animals needs to
be carried out before computerized image analysuslttasonograms may be widely

used in clinical settings.
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Figurelegends

Fig. 1: Testicular (mean £SEM) echogenicity (sokg; 0.01) and heterogeneity
(scattered; P< 0.01) of prepubertal (PREP; n=@)ppbertal (n=2; PERI), and mature

(MAT; n=6) male cats. Different letters above tlmduenns show differences of P< 0.01.

Fig. 2: Testicular (mean +SEM) echogenicity (solid; P<1().8nd heterogeneity
(scattered; P > 0.05) of 7 adult male cats befeRE) and after (POSTR) 4 weekly
administrations of sc acyline (33@/kg) SC. Different letters above the columns show

differences of P = 0.01.

Fig. 3. Correlations between gonadosomatic index andgastioity A; P < 0.01) and

heterogeneityR; P < 0.01) of cats dfig 1 and 2. See alsd able 1.

Table 1: Correlations between testicular gross and histphaogical with

echotextural attributes of catsfeig 1 and 2.
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I(J;:r)as;i:r\;croscopic Echogenicity P Heterogeneity P
Testicular volume (3 0.58 <0.01 0.69 <0.01
Gonadosomatic index 0.63 <0.01 0.46 <0.01
Tubular diameter (um) 0.69 <0.01 0.71 <0.01
Epithelium height (um) 0.08 >0.1 0.22 >0.1
Spermatogonia (%) -0.75 <0.01 -0.78 <0.01
Primary spermatocytes (%) 0.14 >0.1 0.12 >0.1
Round spermatids (%) 0.41 0.01 0.43 0.01
Elongated spermatids (%) 0.62 <0.01 0.69 <0.01
Spermatozoa (%) 0.39 <0.05 0.23 >0.1
Tubular/intertubular ratio 0.38 <0.05 0.23 >0.1
Luminal/intertubular ratio 0.54 <0.01 0.42 0.01
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Highlights

In domestic felids, increasing testicular echogenicity and heterogeneity characterize
pubertal attainment.

In mature cats, decreasing testicular echogenicity indicates spermatogenic impairment.

Testicular volume and gonadosomatic index correl ate with echogenicity and
heterogeneity.

Testicular echogenicity and heterogeneity correlate with tubular diameter, percentage of
elongated spermatids and luminal/intertubular ratio.

Testicular echogenicity correlates with tubular/intertubular ratio.
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