ARCHIVIO ISTITUZIONALE
ONIVERSITA DI BOLOGNA DELLA RICERCA

Alma Mater Studiorum Universita di Bologna
Archivio istituzionale della ricerca

Serial frequent or multiple Tru-cut® testicular biopsies in rams enable assessment of histological
characteristics or transcriptional profiles, with no acute or chronic adverse effects.

This is the final peer-reviewed author’s accepted manuscript (postprint) of the following publication:

Published Version:
Pupulim, A., Rattes, P.z., Mogollon Garcia, H.d., Carvalho, J.c., Uzae, K.z., Ribeiro, G.c., et al. (2025). Serial
frequent or multiple Tru-cut® testicular biopsies in rams enable assessment of histological characteristics

or transcriptional profiles, with no acute or chronic adverse effects. THERIOGENOLOGY, 231, 81-89
[10.1016/j.theriogenology.2024.10.007].

Availability:
This version is available at: https://hdl.handle.net/11585/1030633 since: 2025-12-03

Published:
DOI: http://doi.org/10.1016/j.theriogenology.2024.10.007

Terms of use:

Some rights reserved. The terms and conditions for the reuse of this version of the manuscript are
specified in the publishing policy. For all terms of use and more information see the publisher's website.

This item was downloaded from IRIS Universita di Bologna (https://cris.unibo.it/).
When citing, please refer to the published version.

(Article begins on next page)

15 September 2026


http://doi.org/10.1016/j.theriogenology.2024.10.007
https://hdl.handle.net/11585/1030633

REVISED Manuscript (text UNmarked) Click here to view linked References =

O©CoO~NOOTA~AWNE

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Serial frequent or multiple Tru-cut® testicular biopsies in rams enable assessment of
histological characteristics or transcriptional profiles, with no acute or chronic

adverse effects

Pupulim AGR™™, Rattes PZ'*, Mogollon Garcia HD*?, Carvalho JC*2, Uzae KZ%, Ribeiro
GC* Rizzoto G'®, Denadai, R?, Nogueira, GP®, Navolar, FMN’, Di Santis, GW’, Nunes

SG8, Castilho ACS®, Kastelic JP1°, Ferreira JCPY*

1Department of Veterinary Surgery and Animal Reproduction, School of Veterinary
Medicine and Animal Science, Sao Paulo State University (UNESP), Botucatu, SP, Brazil
2Department of Clinical and Toxicological Analysis, University of Sdo Paulo (USP),

Séo Paulo, SP, Brazil

3Santo Amaro University, Sdo Paulo, SP, Brazil

“Department of Veterinary Clinical Science, School of Veterinary Medicine and Animal
Science, Sdo Paulo State University (UNESP), Botucatu, SP, Brazil

®Department of Internal Medicine, Reproduction and Population Medicine, Faculty of
Veterinary Sciences, Ghent University, Ghent, EF, Belgium

Department of Animal Health and Production, FMVA, Sao Paulo State University
UNESP, Aracatuba, SP, Brazil

"Department of Preventive Veterinary Medicine, Londrina State University, Londrina, PR,
Brazil

8Department of Pharmacology, Bioscience Institute, S30 Paulo State University, (UNESP),
Botucatu, SP, Brazil

University of Western S&o Paulo (Unoeste), Presidente Prudente-SP, Brazil

OFaculty of Veterinary Medicine, University of Calgary, Calgary, AB, Canada



O©CoO~NOOTA~AWNE

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

*Both authors contributed equally

Corresponding author:

#Jodo Carlos Pinheiro Ferreira

Department of Veterinary Surgery and Animal Reproduction, School of Veterinary
Medicine and Animal Science, Sao Paulo State University (UNESP), Rua Prof. Dr. Walter
Mauricio Correa, s/n, Botucatu, SP 18618-681, Brazil.

Tel: +55 14 38802121; Email: joao.cp.ferreira@unesp.br




O©CoO~NOOTA~AWNE

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

ABSTRACT

This study aimed to evaluate the feasibility of performing multiple testicular biopsies
in rams using Tru-cut® needles, assessing histological structure, gene expression, and
potential complications such as effects on semen quality, testicular blood flow, and
ultrasonographic echotexture. In Exp. 1, six mature rams underwent testicular biopsies at
intervals (0, 3, 6, 12, 24, and 48 hours) using a 16G Tru-cut® needle, with alternating testes
for each collection. Benzathine benzylpenicillin and flunixin meglumine were administered
for infection and inflammation control. Local anesthesia and post-biopsy care included
lidocaine, digital pressure, and ice application. Testicular samples were analyzed for gene
expression related to inflammation, oxidative stress, and steroidogenesis. Semen quality was
assessed pre-biopsy and 28 days post-biopsy. Ultrasonographic evaluations of the scrotum
and testes were conducted before biopsies and on days 5, 9, 13, 17, and 21 post-biopsies. In
Exp. 2, a second group of six mature rams underwent biopsies using 14G needles, with two
samples taken from each testis. Samples were histologically examined for structural
preservation. Scrotal skin temperature was measured using infrared thermography, and
testicular blood flow was assessed via color Doppler ultrasonography, with measurements
taken before and on days 1, 2, 4, 6, 8, 10, 25, 50, 75, and 100 post-biopsies. Semen collection
followed the same schedule as in Exp. 1. In Exp. 3, biopsies were performed on different
testicular regions (upper, middle, lower) using 12G, 14G, and 16G needles to compare
structural preservation. Samples were histologically analyzed. No clinical signs of injury,
inflammation, or fluid accumulation were observed. Scrotal pain, increased temperature,
swelling, and bleeding were absent, and behavioral signs indicative of pain were not
detected. Gene expression remained unchanged, and no significant alterations in seminal
characteristics or testicular echogenicity were observed. A slight increase in resistivity and

pulsatility indices was noted in Exp. 2. Biopsies with 14G and 16G needles resulted in
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structural disruptions, while 12G needles better preserved testicular parenchyma. Multiple
testicular biopsies using Tru-cut® needles did not cause significant morphological changes,
alter transcriptional profiles, or affect semen or ultrasonographic characteristics,
demonstrating that this method is viable for monitoring acute molecular changes in the
testes.

Keywords: Testis; Biopsy; Gene expression; Sperm; Semen; Andrological evaluation
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1. Introduction

Breeding soundness evaluation, a method of assessing the likelihood of a male
establishing pregnancy, includes a physical and reproductive examination, plus analysis of
semen quality [1]. In addition, ultrasonography [2] and hormonal assays [3] can also be used
as additional tests.

Testicular biopsies for histological evaluation are an auxiliary, albeit rarely used
procedure for andrological assessment in production animals [4, 5]. However, in humans,
they are regarded as a safe complementary method for diagnosis of male infertility [6, 7],
and oncological cases [8]. It is noteworthy that they may predispose to vascular lesions,
inflammatory changes, fibrosis [9], formation of anti-sperm antibodies [10], decreased
testosterone concentrations, and increased risk of androgen deficiency [11]. Likewise, in
rams, single testicular biopsies with 19 G hypodermic or 14 G Trucut® needles caused
fibrosis and microcalcifications and, potentially, a breakdown of the blood-testis barrier and
formation of anti-sperm antibodies [12]. In contrast, a single testicular biopsy did not
promote changes in the testicular parenchyma in llamas [13] or impact semen characteristics
or testosterone concentrations in rams [14]. Also, sequential unilateral biopsies, performed
with a 10 G Tru-cut® needle in 14-, 18-, and 22-wk old rams [15], and weekly biopsies,
performed with a 12 to 16 G Core needle in prepubertal lambs from 10 to 19 wk of age, did
not compromise testicular development [3, 4].

Several studies of the effects of therapeutic approaches [16, 17] or heat stress (HS)
[18, 19] on testicular function have been done. However, a critical limitation is the absence
of sequential sampling of testicular parenchyma for histological and/or molecular responses
to these treatments. If such analyses are imperative, orchiectomy and/or slaughter are the
typical approach [18-20], but that precludes repeated sampling from the same individual.

Therefore, sequential or multiple biopsies would be extremely useful for diagnosis or
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monitoring testicular responses to therapeutic approaches or HS. However, little is known
regarding whether sequential testicular biopsies at short intervals affect testicular molecular
responses or spermatogenesis.

Therefore, our objective was to determine the feasibility of multiple testicular
biopsies with Tru-cut® needles to retrieve testicular parenchyma to assess histological
structure and gene expression and to study their acute and chronic effects regarding semen

quality, testicular blood flow and ultrasonographic echotexture.

2. Material and methods
2.1. Experiment 1

Location and animals

The experiment was conducted in Botucatu (22°53°20" south/ 48°29°52" west). Six
reproductive sound crossbred Santa Ines x Dorper rams, ~18 mo and ~60 kg were used.
Rams were kept in pens with a slatted floor, and fed a total mixed ration twice daily, with ad
libitum access to water. The diet was formulated to meet the nutritional requirements of rams
[21] and the amount fed was adjusted daily to yield at least 5% orts. Environmental
temperature and humidity data were recorded every 10 min (HOBO Data Loggers U12-012;
Onset®, Bourne, MA, USA), with an average temperature-humidity index of 59.8.

At the start of the study, rams were free of any reproductive, anatomical or seminal
abnormalities, had a scrotal circumference > 33 cm, > 70% morphologically normal sperm
and total motility > 80%, according to standards of the Brazilian College of Animal
Reproduction [22]. In addition, they were also free of any ultrasonographically detectable
abnormalities of the scrotum or testes (MyLabFive scanner with a 7.5 MHz linear-array

transducer, Esaote, Italy).
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All animal use was reviewed and approved by the Ethics Committee of Animal Use
at the School of Veterinary Medicine and Animal Science, Sdo Paulo State University

(Protocol 120-2021).

Testicular biopsies

Rams were subjected to six sequential testicular biopsies using Tru-cut® 16 G needles
(diameter 1.2 mm; Unit, Sdo Paulo, SP, Brazil) at the following times: 0, 6, and 24h (right
testis; top, middle, and bottom regions, respectively) and 3, 12, and 48 h (left testis; top,
middle, and bottom regions, respectively). Before each biopsy, infrared thermography (Flir
E53, MSX®, Termovisor®, Atibaia-SP, Brazil) of three points on the posterior scrotal
surface, and rectal temperature (Termdémetro Digital. G-Tech®, Duque de Caxias, RJ,
Brazil) were used to monitor temperature. Biopsies used an anterior approach, thereby
avoiding large veins on the posterior surface [23].

Just prior to the first biopsy, rams were given a single dose of benzathine
benzylpenicillin (30,000 1U/kg IM; Pentabiético®, Zoetis, S0 Paulo, SP, Brazil) and
flunixin meglumine (1.1 mg/kg IM; Flumax®, JA Salde Animal, Patrocinio Paulista, Sdo
Paulo, SP, Brazil), with the flunixin, repeated once daily for the next 2 d. Prior to each
biopsy, the scrotum was shaved and washed twice with chlorhexidine soap (Riohex 2%®,
Rioguimica, Sao José do Rio Preto, SP, Brazil), followed by an alcohol-based chlorhexidine
solution (Riohex 0,5%®, Rioquimica). Then, the testis was held in place, and the scrotal skin
was infiltrated with 1 mL of 2% lidocaine (Lidovet®, Bravet, Rio de Janeiro, RJ, Brazil).
After each biopsy,

performed according to the Tru-cut® 16G needle manufacturer’s instruction, the
testis was held, and digital pressure at the puncture point was performed for at least 5 min.

Then, an ice pack was applied on the scrotal surface for 10 min. If the amount of testicular
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tissue was considered insufficient for RTg-PCR assay at the first attempt (< 1.3 mg), the
biopsy was repeated. Testicular biopsies were stored in cryotubes (Corning®, Corning Inc.,
New York, USA) at -80 °C pending RNA extraction for PCR analyses. In addition, posterior
scrotal surface and rectal temperatures were measured after each biopsy.

Importantly, during the experimental period, rams were evaluated daily for
behavioral signs of pain. The main end points observed were activity, appetite, altered gait,

positions of ears and head, and orbital tightening.

Semen collection and evaluation

Semen was collected with an artificial vagina 3 d before and 28 d after the first
biopsy. Sperm motility and kinetics were assessed by computer-assisted sperm analysis
(CASA; IVOS, Version 14, Hamilton-Thorne Bioscience®, Beverly, MA, USA), with the
following setup: frames/field: 30; minimum contrast: 60 pixels; minimum size: 6 pixels;
linearity: 70%; threshold motile speed: 30 um/s; threshold for average minimum speed: 40
pum/s; threshold for minimum linear speed: 20 um/s; head displacement: 90; size of head: 5
pixels; amplification: 1.95; temperature: 38 °C. For CASA, semen was diluted (final
concentration, 30 x 10° sperm/mL) in Botubov® extender (Botupharma, Botucatu, SP,
Brazil), and 10 pL were placed in a Makler chamber. The CASA parameters evaluated were
total motility (TM, %), progressive motility (PM, %), curvilinear velocity (VCL, mm/s),
path velocity (VAP, mm/s), progressive velocity (VSL, mm/s), lateral head displacement
(ALH, mm), tail beat frequency (BCF, Hz), straightness (STR, %), and linearity (LIN, %).

For assessing sperm morphology, a wet mount preparation of sperm diluted in warm
4% formalin-saline (1:10) on a slide covered with a coverslip was evaluated by differential

interference contrast microscopy (1,000X magnification; Leica®, Leica Microscope—DM
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500, Wetzlaretzlar, Germany). Sperm morphology was classified according to Bloom [24],

with 200 cells designated as morphologically normal or abnormal.

Scrotal and testicular examinations

Before each biopsy, and then, every 2 d, the scrotum was physically evaluated for
signs of pain, swelling, edema, or skin lesions. In addition, testes were assessed by B-mode
ultrasonography (MyLabFive equipped with 7.5 MHz linear-array transducer, Esaote, Italy)
immediately before (day 0 = D0) and at D5, D9, D13, D17, and D21 after the first biopsy.
The ultrasound transducer was held parallel to the longitudinal axis on the anterior surface
of the scrotum and moved laterally to evaluate the testicular parenchyma. Images were
recorded from each testis and subsequently analyzed using Image J software (National
Institutes of Health, Bethesda, MD, USA). Initially, the ultrasound picture was adjusted to
the software scale. Then, the testicular ultrasound echogenicity and heterogeneity were
determined as numeral pixel value (NPV) and pixel standard deviation (PSD), respectively
[4], in three randomly selected areas of 501.4 0.24 pixels of testicular parenchyma, avoiding
regions with image artifacts or scarring from biopsies. On day 28, the rams were slaughtered
at a commercial abattoir, and the testes were examined for any injuries caused by the
testicular biopsies.

Testicular biopsies were fixed in Bouin’s solution for 24 h and subsequently stored
in 70% alcohol. For histological evaluation, biopsies were dehydrated using sequential
dilutions of methanol (25, 50, 75, and 100%) and immediately after dehydration, they were
embedded in paraffin blocks. From these blocks, 5 pm-thick sections were cut and mounted
on glass slides, which were stained with hematoxylin and eosin. Slides were evaluated at
100 and 400 x magnification using a Leica DM50 microscope (Leica Microsystems)

equipped with a Leica® DC300F photographic microscope.
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RNA extraction and quantification

Testicular biopsies were thawed and homogenized. Total RNA was extracted with
Trizol®, using the co-precipitate GlicoBlue (Invitrogen, S&o Paulo, SP, Brazil) and stored at
-80 °C. For quantification, samples were thawed and incubated with DNAse I (1 IU/mg;
Invitrogen) at 65 °C for 10 min to lyse genomic DNA. Immediately after incubation, total
RNA from each sample was submitted to reverse transcription using random primers,
following manufacturer’s instructions (High-Capacity Kit, Applied Biosystems®, Foster
City, CA, USA).

To perform RT-qPCR for target genes (Table 1), QuantStudioTM 7 Flex equipment
using the Power Sybr Green® (Applied Biosystems®) system was used, using specific
primers for each gene. The gPCR reactions were carried out in 25 mL volumes, with 1 mL
of cDNA, 12.5 mL of Power Syber Green PCR Master Mix (Applied Biosystems®), 300 mM
of each forward and reverse primers, and 9 mL of water. The qPCR cycling conditions were
95 <C for 10 min for initial denaturing and then 40 cycles of 95 °C for 10 s, followed by
primer annealing and extension at 60 °C for 1 min (Table 1). Reactions were optimized to
achieve maximum amplification efficiency for each gene (90-110%). Samples were
analyzed in duplicate and as a negative control, water was added to the mix of cDNA (in
each plate).

NormFinder software (Department of Molecular Medicine [MOMA], Aarhus
University Hospital, Aarhus, Denmark) was used to select appropriate housekeeping genes;
amplification profiles of isomeryl peptidylprolyl isomerase A (PPIA), glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) and beta-actin (ACTB) were analyzed. Ultimately,
ACTB was identified as the most suitable gene. The Ct method (target genes/ACTB) was
used to quantify relative mRNA abundance, with correction of efficiency for each target

gene [25].
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Table 1. Primers for Real-Time Polymerase Chain Reaction (RT-q PCR) to assess mMRNA
abundance of genes in testicular tissues from rams.

Gene Forward sequence Reverse sequence Conc. Temp.
(mM)  (°C)

TNF-a GGA CCA GCC AAG AGA GAG AC GCA GGG TGT ATG AGA GAG CA 300 60
IL-1 ACA GAT GAA GAG CTG CCC CTT CCC TTC CCT TCT GCC AG 300 60
STAR GCA TCC TCA AAG ACC AAG GAG CTT GAC ACT GGG GTT CCATCT 200 57
SOD-2  TCACAG CATCTT CTG GAC TGCTCCTTATTGAAGCCAAG 300 60
GPX-1  AGTTTG GGC ATC AGG AAC CCG AAG GAA GGC GAA GAG 300 60
HSP70 AAC ATG AAG AGCGCCGTGGAGG GTT ACACACCTG CTC CAGTCC 300 60
GAPDH GGCGTG AAC CAC GAG AAGTAA  AAG CAG GGATGA TGT TCT GG 200 60
,B—actin GTC CGT GAC TAC AAG GAG AAG AGG AAG GAA GGC TGG AAG GAG 300 60

Conc: primer concentration; Temp: Temperature of annealing and extension

2.2. Experiment 2
Location and animals

The experiment was conducted in the same location and under the same conditions
and management practices as Exp. 1, but with other rams. Six crossbred Santa Ines x Dorper
rams, ~18 mo and weighing ~ 60 kg, were used.
Testicular biopsies

Rams underwent four simultaneous testicular biopsies using Tru-cut® 14 G needles
(diameter, 1.6 mm, Unit). Before the biopsies, they received general dissociative anesthesia
consisting of 0.1 mg/kg of xylazine (Xylazine 2%, Syntec, Barueri, SP, Brazil) administered
intramuscularly, combined with 2.5 mg/kg of ketamine (Ketamine 10%, Syntec). Two
biopsies were taken from each testis, one from the top and one from the bottom region,
following the same procedures outlined in Exp. 1.

The collected testicular samples were fixed in Bouin’s solution for 24 h and then kept

in 70% alcohol for histological evaluations.

11
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Scrotal Skin Temperature Assessment

Posterior scrotal skin temperature was assessed using infrared thermography (Flir
E53, MSX®, Termovisor®, Atibaia-SP, Brazil) one day before the biopsies collection (D-1)
and thereafter on D1, D2, D3, D6, D8, and D10.
Ultrasonographic Evaluations

The scrotum and testes were evaluated using B-mode ultrasonography (MyLabFive
equipped with a 7.5 MHz linear transducer) on the day prior (D-1) and on subsequent days:
D1, D2, D4, D6, D8, D10, D25, D50, D75, and D100. The scanning procedures were
performed as Exp. 1. During these sessions, Doppler mode evaluations of both testicular
arteries were conducted in the vascular cone region, approximately 2 cm above the upper
border of the epididymal head. Color Doppler mode was first used to locate the testicular
artery, followed by spectral mode to record arterial blood flow during three consecutive
cardiac cycles. This allowed for the calculation of the resistivity index (RI) and pulsatility

index (PI) [26].

Semen evaluation

Semen was collected with an artificial vagina 1 d before (D-1), and then at D25, D50,
D75, and D100 after the biopsies. Total motility (TM), progressive motility (PM), the
percentage of rapid sperm (%RAP), sperm concentration, and sperm morphology were
assessed as outlined in Exp. 1.
2.3. Experiment 3
Location and animals

The experiment was conducted in the same location and under the same conditions
and management practices as Exp. 1. Four crossbred Santa Ines x Dorper rams, ~18 mo and

weighing around 60 kg, distinct from those used in Exp. 1 and 2, were used.

12
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Testicular biopsies

Rams underwent six simultaneous testicular biopsies following the same pre- and
trans- and post-biopsies procedures outlined in Exp. 2. Three biopsies were taken from each
testis, alternating testicular regions (upper, middle, and lower), and needle diameter (12G [@
2 mm], 14G [@ 1.6 mm], 16G [@ 1.2 mm]). Testicular fragments collected were fixed in
Bouin’s solution for 24 h and subsequently stored in 70% alcohol for histological
evaluations. Then, the biopsies were processed and evaluated as described in Exp. 2. During
evaluation, the degree of preservation of the structures of the testicular tissue and the

possibility of identifying the cell types of the testicular parenchyma were examined.

2.4. Statistical analyses

Parametric assumptions were tested using the Shapiro-Wilk test for normality. In
Exp. 1, seminal parametric data (volume, concentration, major, minor, and total defects,
and sperm kinetics) were analyzed using the paired Student’s t-test. In Exp. 2, when data
had a normal distribution, a one-way analysis of variance (ANOVA). In contrast, a
Friedman test was used for non-normal distributions.

Comparisons between right (RT) and left testis (LT) from NPV and PSD variables
were assessed by repeated measures over time (Mixed Model). The testis side (TS), day
(D), and a testis side x day interaction (TxD) were considered fixed effects. Also, repeated
measures over time were applied to compare the means of NPV and PSD, considering each
testis and both testes, with day considered a fixed effect. A Tukey test was used as a post-
hoc test. Results are mean standard error of the mean (SEM). Statistical significance was

defined as P < 0.05.
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Resistivity index (RI), pulsatility index (P1), and morphological defects did not
have a normal distribution. Therefore, comparisons over time were conducted using the
Friedman test followed by Dunn’s post-hoc test. Results are median and first and third
quartiles. Statistical significance was defined as P < 0.05.

Differences in relative mMRNA abundance of target genes were evaluated by two-
way repeated measurse ANOVA, with a Tukey test used to locate differences. Data that
were not normally distributed were transformed to base-10 logarithms before analysis.
Analyses were performed using JMP software (SAS Institute Cary, NC, USA). Data are
presented as means SEM. Differences were considered significant when P < 0.05 and all

were expressed as fold change.

3. Results
3.1. Experiment 1

During the experimental period, there were no indications (neither visual nor by
palpation) of any lesion or inflammation in the scrotum or skin, and there were no indications
of intrascrotal fluid collections. Also, rams did not have any behavioral sign of pain during
the biopsy period or thereafter.

The mean number of biopsies per timepoint for the right and left testes was 1.97 and
1.95, respectively. Mean scrotal surface and rectal temperatures (31.1 £ 0.2 and 38.7 £ 0.05
°C, respectively) remained stable during collection of biopsies. For five biopsy attempts,
bleeding did not stop after 5 min of digital pressure, and an additional 5 min of digital
pressure was applied to the puncture point.

There were no significant differences between the control and D28 timepoints for
semen volume, concentration, sperm morphology, or sperm Kinetics characteristics (P >

0.05), except for ALH, which was lower at D28 (P < 0.05) (Table 2).

14
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Table 2. Mean + SEM of semen volume, sperm concentration, morphology, and kinetics
characteristics before (Control) and 28 days (D28) after sequential biopsies performed with
Tru-cut® needles in rams (n = 6).

Semen characteristics Control D28
Ejaculate volume (mL) 1.8+£0.10 1.7+£0.11
Concentration (x 10%mL)  1.44 x 10°+0.17 x 10° 1.15x 10° + 0.16 x 10°
Total motility (%) 83.5+23 89.2+1.7
Progressive motility (%) 63+2.9 71.8+1.3
VCL (um/s) 209.9+5.2 191.1+6.8
VAP (um/s) 1233+2.4 122.6 + 4.4
VSL (um/s) 104.4 + 2.4 105.6 + 3.4
ALH (um) 7.6+0.32 6.2 +0.280
BCF (Hz) 36.6+1.2 39+15
STR (%) 843+19 85.3+1
LIN (%) 52+ 2 58 +2.2
Minor defects 7.3+13 4+0.6
Major defects 6+1.2 48+1.1
Total Defects 13.3+21 82+1.2

ALH: lateral head displacement; BCF: beat cross frequency; LIN: linearity; STR:
straightness; VAP: path velocity; VCL: curvilinear velocity; VSL: progressive velocity.
ab\\/ithin a row, means without a common superscript differed (P < 0.05).

No signs of intrascrotal bleeding or hydrocele were detected in the sequential B-
mode ultrasound evaluations performed after testicular biopsies. However, from D1 to D3,
hyperechoic areas (~6 mm) were observed near the biopsy sites, surrounded by thin
hyperechoic lines (Fig. 1A). These areas gradually became smaller and more hyperechoic.
However, by day 17, they were no longer visible, and hyperechoic lines were noted in the
testicular parenchyma (Fig. 1B). Gross examination of cross-sectioned testis on day 28

revealed linear fibrosis along the presumptive trajectory of the Tru-cut® needles. Tissue
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fixation with Bouin’s solution promoted excellent preservation of the testicular parenchyma
for histological preparation and evaluation under light microscopy. Histological evaluation
of the testicular parenchyma on day 28 showed areas of seminiferous tubule degeneration,
necrosis, and calcification close to these linear fibrotic regions. For NPV and PSD, there was
no effect (P > 0.05). of the testis side, day, nor an interaction between testis side and day.
Therefore, data from left and right testicular arteries were combined and average values

displayed in Table 3.

Figure 1. (A) Testicular ultrasonography images displaying a heterogeneous hypoechoic
area (black arrow) 3 d after testicular biopsies. (B) Testicular sonogram showing
hyperechoic lines (black arrow) 17 d post-biopsies. (C) Gross testicular section illustrating
linear fibrosis (black arrow) on 17 d after biopsies. (D) Histological section indicating a
granuloma (black arrow) 28 d post-biopsies. (E) Histological sections displaying areas of
degeneration (black arrow), necrosis (green arrow), and calcification (red arrow) in the
seminiferous tubules.
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Table 3. Mean = SEM of the number of pixel values (NPV) and pixel standard deviation
(PSD) of testes of rams (n = 6) before (Day 0) and up to 21 days after sequential biopsies
performed with Tru-cut® needles. There were no differences (P > 0.05).

Days NYP PSD
0 1514+ 4.3 16.2+1
5 136.4 + 3.6 17.8+£0.4
9 137.6 +9.2 156+£0.7
13 137+£5.3 17.0+0.8
17 1286+4.1 17.1+1.0
21 139.7+59 16.9+£0.7

Regarding the transcriptional gene profile, for all genes evaluated, there was no effect

of testis side, hour, nor interaction between testis side and hour (P > 0.05; Table 4).

Table 4. Mean + SEM of transcript abundance of TNFa, IL-1, GPX1, SOD2, HSP70, and
STAR of rams at each moment (M) of sequential biopsies with Tru-cut® needle. Data are
presented as mean = SEM of relative mRNA levels (target gene/geometric mean of
reference genes [ACTB]. There were no differences (P > 0.05). TNFa, tumor necrosis
factor-a; IL-1, interleukin-1; GPX1, glutathione peroxidase 1; SOD2, superoxide dismutase
2; HSP70, heat shock protein 70; STAR, steroidogenic acute regulatory protein.

Gene MO M3 M6 M12 M24 M48
GPX1 0.37+0.09 0.36+1 0.36 +0.07 0.38+0.05 0.38 +0.09 0.34+0.1
HSP70 0.31+0.04 032+0.1 0.36+0.05 0.34+0.09 0.34 +0.07 0.36 £0.08
STAR 1.7+£0.2 18+0.14 1.6 £0.12 19+0.23 1.77+0.27 1.7+£0.14
TNF 1.26 +0.16 1.3+£0.18 1.4+£0.14 1.3+0.11 1.33+0.21 1.3+0.14

IL-1 0.54+0.12 0.49%0.05 0.48 £0.04 0.49+0.04 0.48 +0.04 0.5+0.05
SOD2 1.00+0.79 1.02+0.14 1.1+0.09 1+0.09 1.26 £ 0.26 1.1+£012

3.2. Experiment 2

Similar to Exp. 1, no signs of injury, inflammation, or fluid accumulation in the
vaginal cavity were observed during scrotal palpations throughout the experimental period.
Additionally, no behavioral signs indicative of scrotal pain were detected during or after
testicular biopsies.

Compared to the control moment (the day before collection of biopsies), there was

no increase in scrotal surface temperature (P > 0.05). Similarly, no time effects were detected
17
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for semen characteristics (P > 0.1; Table 3), nor for percentages of major and minor
morphological abnormalities (P > 0.05; Table 5) throughout the experimental period. Mean
values for MT, MP, %RAP, and sperm concentration, were 91.7 + 1.0%, 55.8 + 1.5%, 77.9
+ 1.4%, and 2.42 + 0.1 x 10° sperm/mL, respectively. Likewise, there was no time effect on

percentage of sperm morphological defects.

Table 5: Mean values = SEM of total motility, progressive motility, VCL, VAP, VSL, ALH,
BFC, STR, and LIN and median of sperm defects in rams (n = 8) subjected to four
simultaneous testicular biopsies performed with Tru-cut® needles. Day 0 = biopsy day.

Days after biopsies

Semen characteristics D-1 D25 D50 D75 D100
fggr/‘r‘;e[‘)tia“on (x 25+01  2.8+02 26402 3.0+02 3.00.2
Total motility (%)* 91.0 92.0 94.0 92.0 95.0
Progressive motility (%)* 49.0 55.0 53.0 57.0 67.0
VCL (um/s)* 203.7+6.0 187.845.5 176.0+2.9 206.5+6.3 213.6%5.0
VAP (um/s)* 1277243  126.4+2.6 115.5+6.0 127.5+2.3 133.2+4.9
VSL (um/s)* 103.1+4,0  105.9+2.8 103.8+7.7 106.1+2.2 113.7+4.1
ALH (um)* 7.3+0.3 6.3t0.2  6.0¢0.3 7.0+0.3  7.3+0.1
BCF (Hz)* 21.5£1.0 23.9+0.8 38.6x1.5 38.8+1.7 39.9+0.7
STR (%)* 79.3£1.5 81.3+1.1 87.9+2.0 81.7£2.0 84.0t£1.0
LIN (%)* 59.616.1 57.7£1.1  59.7+£3.7 52.86+2.1 53.57+1.4
Minor defects” 35 1.5 45 1.0 1.0
Major defects* 3.0 1.5 4.5 1.0 1.0

Day 0 (DO0): biopsies days, mean values = SEM, “median values.

As observed in Exp. 1, no signs of intrascrotal bleeding nor hydrocele were observed
in the sequential B-mode ultrasound evaluations throughout the experimental period.

There was a time effect for R1 and PI of testicular arteries (P < 0.05; Fig. 3). For IR,
values increased from D-1 and D8 and remained high until the end of the experimental

period, except at D50, where values were similar to control and initial timepoints. For PI,
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values increased between D-1 and D4 and remained higher until the end of the experimental

period, except for D50, in which the values were similar to control and initial time points.

Pulsatility Index

Figure 3. Medians values, first and third quartiles for Doppler pulsatility and resistivity
indexes in rams subjected to four simultaneous testicular biopsies with Tru-cut® needles (n
= 8). Day 0 = biopsies days. #° Time points without a common superscript differed (P <
0.05).
3.3. Experiment 3

Similar to Exp. 1 and 2, no clinical signs of injury, inflammation, or fluid
accumulation in the vaginal cavity were observed during scrotal palpations. Additionally, no
behavioral signs indicative of scrotal pain were detected during or after biopsies.

Biopsies collected with Tru-cut® 14G and 16G needles (diameters [@] of 1.6 and 1.2
mm, respectively) had structural disruptions of testicular parenchyma due to rupture of
several seminiferous tubules, which resulted in mixtures of intra- and extra-tubular cellular
elements (Fig. 4D and G). This was more evident and predominant in samples collected with
16G needles (Fig. 4G and H). In regions where tubule ruptures and cell and mixtures
occurred, it was not possible to reliably recognize testicular cell types (Fig. 4C). However,
in samples collected with 12G needles (& of 2 mm), there was better preservation of
testicular parenchyma, with several intact seminiferous tubules (Fig. 4A); in those areas, it

was possible to observe intratubular cell structure (Fig. 4B, F and 1) and interstitial areas,

and to evaluate cellular elements (Fig. 4B and 5).
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Figure 4. Images representative of the degree of preservation of ovine testicular
parenchyma in histological sections prepared with tissue samples obtained by biopsies with
Tru-cut® needles of 12 G (diameter [@] of 2 mm; A, B, and C), 14 G (@ of 1.6 mm; D, E,
F),or 16 G (4 1.2 mm; G, H, I). Comparing images A, D, E, G, and H (100 x
magnification), it was evident that samples collected with 12 G needles had better
preservation of testicular parenchyma structure. In Image A, the structure of the
seminiferous tubules is preserved, whereas in images D and G, there was structural
disorganization of the parenchyma due to rupture of seminiferous tubules and mixing of
cells from intra- and extra-tubular compartments. Note in Images B, F, and | (400x
magnification) that when the tubular structure was preserved, it was possible to identify
cell types. Image C (400x magnification) has an area of rupture of the tubular basement
membrane and a mixture of intra- and extra-tubular cells.
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Figure 5. Transverse section of seminiferous tubules and interstitial space of ovine testicular
parenchyma in histological section prepared with tissue sample obtained with Tru-cut®
needles of 12 G (@ of 2 mm). ESp - Elongated spermatids; PS - Primary spermatocytes; S -
Sertoli cells; G - Spermatogonia; Sp - Spermatids; CM - Myoid cells; L - Leydig cells.

4. Discussion

Testicular evaluation is critical in studies involving effects of the environment, HS
or male reproductive diseases [19]. Serial biopsies would be extremely useful for assessment
of molecular and histological changes in testicular parenchyma after treatments or
experimental procedures, without a need to castrate (or hemicastrate). This is apparently the

first report to assess effects of serial frequent testicular biopsies in ruminants. Based on an
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absence of transcript profile changes in genes commonly used to monitor steroidogenesis,
inflammatory, oxidative, and HS responses, we inferred that serial biopsies witha 16 G Tru-
cut® needle are a viable approach to study acute changes in testicular tissue.

Studies reporting single [13], double [27], weekly [3, 4], or monthly [15] multiple
percutaneous biopsies performed with Tru-cut® needles lacked details regarding pre- or post-
operative procedures. There is only a brief mention in one report that the scrotal skin was
scrubbed with 10% povidone-iodine and rinsed with alcohol [27] and in another report that
skin was infiltrated with 2% xylocaine [13]. In these two studies, a small incision was made
in the scrotal skin to introduce the Tru-cut® needle. In humans, there are reports of pain,
decreased testosterone concentrations [28], infection [29], intratesticular bleeding, and
scrotal hematoma [10, 30] after testicular biopsies [31]. However, in the present study,
appropriate pre- and post-biopsy procedures mitigated potential complications. After
biopsies, keeping the testes in the same position in the scrotum and applying digital pressure
and ice packs minimized intrascrotal bleeding, as no sign of intrascrotal fluid accumulation
was observed ultrasonographically. Also, penicillin and a nonsteroidal anti-inflammatory
drug (NSAID) were given to prevent infection and inflammation. In our opinion,
percutaneous testicular biopsies should only be collected with judicious and pre-emptive
pre- and post-operative procedures.

Immunological and acute inflammatory responses can be triggered by pathogens-
associated molecular patterns (PAMP) or damage-associated molecular patterns (DAMP)
[32]; consequently, testicular biopsies are potential promoters of inflammation due to
pathogens or trauma. Importantly, we measured the transcript profile of pro-inflammatory
cytokines interleukin 1 (IL1) and tumor necrosis factor o (TNF-a) genes to detect
inflammatory responses after sequential biopsies. Despite being physiologically expressed

in testicular parenchyma [33, 34], these genes commonly have high expressions in testicular
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ischemia or autoimmune orchitis [34]. In that regard, IL-1 amplifies the inflammatory
response, stimulating the release of IL-6 by Sertoli cells [35], which act as an inhibitor of
meiotic DNA synthesis in spermatocytes [36]. Testicular inflammation increases TNF-a
expression, inducing apoptosis of Sertoli cells [37]. Together, IL1 and TNF-a participate in
dynamic changes in Sertoli cells’ junctional complexes, and their increase impairs
displacement of germ cells to the adluminal space of seminiferous tubules [38, 39].

The NSAID use in this study had two beneficial effects. First, it helped to control
testicular inflammation and pain and thereby promoted animal welfare. Second, it probably
prevented a traumatically induced transcription of pro-inflammatory cytokines (IL1 and
TNF-0) in testicular tissues after serial frequent biopsies, avoiding a diffuse testicular acute
inflammatory response and, consequently, dysfunctional spermatocytes [36] and Sertoli
cells [37]. However, as HS did not change testicular transcription of these cytokines
(Ferreira, unpublished data), we inferred that NSAID treatment did not create a bias for these
studies.

Furthermore, the transcript profile of STAR did not change during the experimental
period. Testicular HS [19] or inflammatory conditions [40, 41] decreased STAR mRNA in
testicular parenchyma. The absence of changes in the STAR transcript profile in this study
provided evidence that steroidogenesis was not impaired and reinforced the lack of a diffuse
testicular acute inflammatory condition after serial biopsies.

Reactive oxygen species (ROS) participate in several physiological cellular
processes [42]. However, large accumulations can have harmful effects [42]. Both TNFa
[43] and IL1 [44] are involved in intracellular ROS production. Glutathione peroxidase
(GPX) and superoxide dismutase (SOD) are essential enzymes to prevent deleterious effects
of intracellular ROS accumulation [45]. Based on the absence of changes in GPX1 and

SOD2 mRNA transcripts, we inferred that the NRF2-antioxidant response element signaling
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pathway, the first cellular response to intracellular accumulation of ROS, was not activated
[46]. Also, the absence of changes in the transcript profile of the HSP70 gene indicated that
ROS balance was not impaired in the testicular tissue after repeated biopsies, as HSP70 is a
critical protein to mitigate the deleterious effects of intracellular ROS accumulation [47].

The most pronounced seminal changes in testicular degeneration in ruminants occur
from 21 to 28 d after its induction and are characterized by reductions in sperm motility and
percentage of morphologically normal sperm in ruminants [48, 49]. Except for ALH, which
decreased, but remained within a physiologic range [50, 51], the lack of changes in the
ejaculate, sperm characteristics, and morphological defects at D28 indicated that
spermatogenesis was not impaired by the serial sequential biopsies (five or six per testis).
Also, in Exp. 2, no changes in the ejaculate’s characteristics nor morphological defects were
observed until 100 d after four simultaneous biopsies (two per testis). These findings
provided further evidence that there was no diffuse testicular acute inflammation and,
consequently, no testicular degeneration.

All evidence mentioned above was corroborated by ultrasonography, a valuable tool
for examining testicular parenchyma [52]. As mentioned, there was no evidence of intra-
scrotal fluid accumulation. Both NPV and PSD have been used to monitor development of
seminiferous tubules, testicular tissue density, and proportions of testicular cell types [4, 53,
54]. Despite ultrasonographic changes observed in the testicular parenchyma in Exp. 1 and
2 (e.g., hypoechoic areas and hyperechoic lines), the absence of significant changes in NPV
and PSD of areas distal from biopsy sites supported our conclusion of no diffuse change in
testicular parenchyma.

Increased testicular temperature and consequently decreased sperm progressive

motility were reported, up to 14 and 28 d, respectively, after a single biopsy in bulls [13]. In
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the present study, no increase of scrotal surface temperature nor deleterious effect on semen
quality was observed, as reported after single bilateral biopsies in bulls [55] or rams [14].

As acute testicular HS increases testicular blood flow in ruminants [56-58],
additional evidence of the absence of testicular heating or inflammation was the discrete
increase of RI and PI during Exp. 2, highlighting that there was no acute or late increase in
testicular blood flow after the after multiple testicular biopsies.

There are reports of poor semen quality after testicular trauma in stallions [59] or
after collection of a biopsy with a 14 G needle in rams [12]. These effects were attributed to
the immune system’s access to germ cells and subsequent anti-sperm autoimmune reactions
[11, 60]. We assumed that there were breaches of the blood-testis barrier caused by multiple
biopsies in our study. Regardless, these lesions did not result in a subsequent decrease of
seminal characteristics, even 100 d after these biopsies. As mentioned before, immune
responses are triggered by PAMP and DAMP [32]. In the present study, we implemented a
series of anti-inflammatory procedures (e.g., control of post-biopsy hemorrhage, use of ice
packs, and non-steroidal inflammatory therapy), it is reasonable the possibility that the
immune modulation promoted by these procedures could have decreased the intralesional
chemotaxis and, consequently, exposure of immune cells to the non-self-spermatogenic
cells, limiting autoimmune responses. Similar results were observed in dogs after collecting
a biopsy with a 14G Tru-cut® needle. There was no acute or long-term decrease in sperm
quality, nor an increase in serum concentrations of anti-sperm antibodies [61].

Despite being an excellent tool for obtaining testicular tissue samples for molecular
assays (e.g., PCR assay), biopsies using Tru-cut® needles were also an effective method for
collecting samples for histological evaluation. However, this was only achievable with the
12G needle as smaller diameter needles caused several artifacts and ruptures in seminiferous

tubules, making samples unsuitable for histology.
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Our results using 12G Tru-cut® needles to obtain testicular samples were similar to
those reported with 14G Tru-cut® needles in dogs and rams. These samples were considered
adequate for assessing the structure of seminiferous tubules and intra- and extra-tubular cells,

critical features for histological evaluation [14, 61].

5. Conclusion

Multiples testicular biopsies did not change the transcriptional profile of testicular
genes related to oxidative stress, acute inflammation, or steroidogenesis. Also, after the
biopsies, there were no changes in testicular ultrasonographic echogenicity and
heterogenicity up to 21 d or in seminal characteristics up to 100 d. Therefore, we concluded
that this approach was valuable for monitoring acute-short time molecular and cellular

changes in testicular tissues.
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