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ABSTRACT 51 

This study aimed to evaluate the feasibility of performing multiple testicular biopsies 52 

in rams using Tru-cut® needles, assessing histological structure, gene expression, and 53 

potential complications such as effects on semen quality, testicular blood flow, and 54 

ultrasonographic echotexture. In Exp. 1, six mature rams underwent testicular biopsies at 55 

intervals (0, 3, 6, 12, 24, and 48 hours) using a 16G Tru-cut® needle, with alternating testes 56 

for each collection. Benzathine benzylpenicillin and flunixin meglumine were administered 57 

for infection and inflammation control. Local anesthesia and post-biopsy care included 58 

lidocaine, digital pressure, and ice application. Testicular samples were analyzed for gene 59 

expression related to inflammation, oxidative stress, and steroidogenesis. Semen quality was 60 

assessed pre-biopsy and 28 days post-biopsy. Ultrasonographic evaluations of the scrotum 61 

and testes were conducted before biopsies and on days 5, 9, 13, 17, and 21 post-biopsies. In 62 

Exp. 2, a second group of six mature rams underwent biopsies using 14G needles, with two 63 

samples taken from each testis. Samples were histologically examined for structural 64 

preservation. Scrotal skin temperature was measured using infrared thermography, and 65 

testicular blood flow was assessed via color Doppler ultrasonography, with measurements 66 

taken before and on days 1, 2, 4, 6, 8, 10, 25, 50, 75, and 100 post-biopsies. Semen collection 67 

followed the same schedule as in Exp. 1. In Exp. 3, biopsies were performed on different 68 

testicular regions (upper, middle, lower) using 12G, 14G, and 16G needles to compare 69 

structural preservation. Samples were histologically analyzed. No clinical signs of injury, 70 

inflammation, or fluid accumulation were observed. Scrotal pain, increased temperature, 71 

swelling, and bleeding were absent, and behavioral signs indicative of pain were not 72 

detected. Gene expression remained unchanged, and no significant alterations in seminal 73 

characteristics or testicular echogenicity were observed. A slight increase in resistivity and 74 

pulsatility indices was noted in Exp. 2. Biopsies with 14G and 16G needles resulted in 75 
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structural disruptions, while 12G needles better preserved testicular parenchyma. Multiple 76 

testicular biopsies using Tru-cut® needles did not cause significant morphological changes, 77 

alter transcriptional profiles, or affect semen or ultrasonographic characteristics, 78 

demonstrating that this method is viable for monitoring acute molecular changes in the 79 

testes. 80 

 Keywords: Testis; Biopsy; Gene expression; Sperm; Semen; Andrological evaluation  81 
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1. Introduction 83 

Breeding soundness evaluation, a method of assessing the likelihood of a male 84 

establishing pregnancy, includes a physical and reproductive examination, plus analysis of 85 

semen quality [1]. In addition, ultrasonography [2] and hormonal assays [3] can also be used 86 

as additional tests. 87 

Testicular biopsies for histological evaluation are an auxiliary, albeit rarely used 88 

procedure for andrological assessment in production animals [4, 5].  However, in humans, 89 

they are regarded as a safe complementary method for diagnosis of male infertility [6, 7], 90 

and oncological cases [8]. It is noteworthy that they may predispose to vascular lesions, 91 

inflammatory changes, fibrosis [9], formation of anti-sperm antibodies [10], decreased 92 

testosterone concentrations, and increased risk of androgen deficiency [11]. Likewise, in 93 

rams, single testicular biopsies with 19 G hypodermic or 14 G Trucut® needles caused 94 

fibrosis and microcalcifications and, potentially, a breakdown of the blood-testis barrier and 95 

formation of anti-sperm antibodies [12].  In contrast, a single testicular biopsy did not 96 

promote changes   in the testicular parenchyma in llamas [13] or impact semen characteristics 97 

or testosterone concentrations in rams [14]. Also, sequential unilateral biopsies, performed 98 

with a 10 G Tru-cut® needle in 14-, 18-, and 22-wk old rams [15], and weekly biopsies, 99 

performed with a 12 to 16 G Core needle in prepubertal lambs from 10 to 19 wk of age, did 100 

not compromise testicular development [3, 4]. 101 

Several studies of the effects of therapeutic approaches [16, 17] or heat stress (HS) 102 

[18, 19] on testicular function have been done. However, a critical limitation is the absence 103 

of sequential sampling of testicular parenchyma for histological and/or molecular responses 104 

to these treatments. If such analyses are imperative, orchiectomy and/or slaughter are the 105 

typical approach [18–20], but that precludes repeated sampling from the same individual. 106 

Therefore, sequential or multiple biopsies would be extremely useful for diagnosis or 107 
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monitoring testicular responses to therapeutic approaches or HS. However, little is known 108 

regarding whether sequential testicular biopsies at short intervals affect testicular molecular 109 

responses or spermatogenesis. 110 

Therefore, our objective was to determine the feasibility of multiple testicular 111 

biopsies with Tru-cut® needles to retrieve testicular parenchyma to assess histological 112 

structure and gene expression and to study their acute and chronic effects regarding semen 113 

quality, testicular blood flow and ultrasonographic echotexture. 114 

 115 

2. Material and methods 116 

2.1. Experiment 1 117 

Location and animals 118 

The experiment was conducted in Botucatu (22◦53’20" south/ 48◦29’52" west). Six 119 

reproductive sound crossbred Santa Ines x Dorper rams, ~18 mo and ~60 kg were used. 120 

Rams were kept in pens with a slatted floor, and fed a total mixed ration twice daily, with ad 121 

libitum access to water. The diet was formulated to meet the nutritional requirements of rams 122 

[21] and the amount fed was adjusted daily to yield at least 5% orts. Environmental 123 

temperature and humidity data were recorded every 10 min (HOBO Data Loggers U12-012; 124 

Onset®, Bourne, MA, USA), with an average temperature-humidity index of 59.8. 125 

At the start of the study, rams were free of any reproductive, anatomical or seminal 126 

abnormalities, had a scrotal circumference > 33 cm, > 70% morphologically normal sperm 127 

and total motility > 80%, according to standards of the Brazilian College of Animal 128 

Reproduction [22]. In addition, they were also free of any ultrasonographically detectable 129 

abnormalities of the scrotum or testes (MyLabFive scanner with a 7.5 MHz linear-array 130 

transducer, Esaote, Italy). 131 
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All animal use was reviewed and approved by the Ethics Committee of Animal Use 132 

at the School of Veterinary Medicine and Animal Science, São Paulo State University 133 

(Protocol 120-2021). 134 

 135 

Testicular biopsies 136 

Rams were subjected to six sequential testicular biopsies using Tru-cut® 16 G needles 137 

(diameter 1.2 mm; Unit, São Paulo, SP, Brazil) at the following times:  0, 6, and 24h (right 138 

testis; top, middle, and bottom regions, respectively) and 3, 12, and 48 h (left testis; top, 139 

middle, and bottom regions, respectively). Before each biopsy, infrared thermography (Flir 140 

E53, MSX®, Termovisor®, Atibaia-SP, Brazil) of three points on the posterior scrotal 141 

surface, and rectal temperature (Termômetro Digital.   G-Tech®, Duque de Caxias, RJ, 142 

Brazil) were used to monitor temperature. Biopsies used an anterior approach, thereby 143 

avoiding large veins on the posterior surface [23]. 144 

Just prior to the first biopsy, rams were given a single dose of benzathine 145 

benzylpenicillin (30,000  IU/kg  IM;  Pentabiótico®,  Zoetis,  São  Paulo,  SP,  Brazil)  and  146 

flunixin  meglumine (1.1 mg/kg IM; Flumax®,  JA Saúde Animal,  Patrocínio Paulista,  São 147 

Paulo,  SP, Brazil), with the flunixin, repeated once daily for the next 2 d. Prior to each 148 

biopsy, the scrotum was shaved and washed twice with chlorhexidine soap (Riohex 2%®, 149 

Rioquímica, São José do Rio Preto, SP, Brazil), followed by an alcohol-based chlorhexidine 150 

solution (Riohex 0,5%®, Rioquímica).  Then, the testis was held in place, and the scrotal skin 151 

was infiltrated with 1 mL of 2% lidocaine (Lidovet®, Bravet, Rio de Janeiro, RJ, Brazil).   152 

After each biopsy, 153 

performed according to the Tru-cut® 16G needle manufacturer’s instruction, the 154 

testis was held, and digital pressure at the puncture point was performed for at least 5 min. 155 

Then, an ice pack was applied on the scrotal surface for 10 min. If the amount of testicular 156 
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tissue was considered insufficient for RTq-PCR assay at the first attempt (< 1.3 mg), the 157 

biopsy was repeated.  Testicular biopsies were stored in cryotubes (Corning®, Corning Inc., 158 

New York, USA) at -80 ºC pending RNA extraction for PCR analyses. In addition, posterior 159 

scrotal surface and rectal temperatures were measured after each biopsy. 160 

Importantly, during the experimental period, rams were evaluated daily for 161 

behavioral signs of pain. The main end points observed were activity, appetite, altered gait, 162 

positions of ears and head, and orbital tightening. 163 

 164 

Semen collection and evaluation 165 

Semen was collected with an artificial vagina 3 d before and 28 d after the first 166 

biopsy. Sperm motility and kinetics were assessed by computer-assisted sperm analysis 167 

(CASA; IVOS, Version 14,  Hamilton-Thorne Bioscience®,  Beverly,  MA, USA), with the 168 

following setup: frames/field: 30; minimum contrast: 60 pixels; minimum size: 6 pixels; 169 

linearity: 70%; threshold motile speed: 30 µm/s; threshold for average minimum speed: 40 170 

µm/s; threshold for minimum linear speed: 20 µm/s; head displacement: 90; size of head: 5 171 

pixels; amplification: 1.95; temperature: 38 oC. For CASA, semen was diluted (final 172 

concentration, 30 x 106 sperm/mL) in Botubov® extender (Botupharma, Botucatu, SP, 173 

Brazil), and 10 µL were placed in a Makler chamber. The CASA parameters evaluated were 174 

total motility (TM, %), progressive motility (PM, %), curvilinear velocity (VCL, mm/s), 175 

path velocity (VAP, mm/s), progressive velocity (VSL, mm/s), lateral head displacement 176 

(ALH, mm), tail beat frequency (BCF, Hz), straightness (STR, %), and linearity (LIN, %). 177 

For assessing sperm morphology, a wet mount preparation of sperm diluted in warm 178 

4% formalin-saline (1:10) on a slide covered with a coverslip was evaluated by differential 179 

interference contrast microscopy (1,000X magnification; Leica®, Leica Microscope—DM 180 
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500, Wetzlaretzlar, Germany). Sperm morphology was classified according to Bloom [24], 181 

with 200 cells designated as morphologically normal or abnormal. 182 

 183 

Scrotal and testicular examinations 184 

Before each biopsy, and then, every 2 d, the scrotum was physically evaluated for 185 

signs of pain, swelling, edema, or skin lesions. In addition, testes were assessed by B-mode 186 

ultrasonography (MyLabFive equipped with 7.5 MHz linear-array transducer, Esaote, Italy) 187 

immediately before (day 0 = D0) and at D5, D9, D13, D17, and D21 after the first biopsy. 188 

The ultrasound transducer was held parallel to the longitudinal axis on the anterior surface 189 

of the scrotum and moved laterally to evaluate the testicular parenchyma. Images were 190 

recorded from each testis and subsequently analyzed using Image J software (National 191 

Institutes of Health, Bethesda, MD, USA). Initially, the ultrasound picture was adjusted to 192 

the software scale. Then, the testicular ultrasound echogenicity and heterogeneity were 193 

determined as numeral pixel value (NPV) and pixel standard deviation (PSD), respectively 194 

[4], in three randomly selected areas of 501.4 0.24 pixels of testicular parenchyma, avoiding 195 

regions with image artifacts or scarring from biopsies. On day 28, the rams were slaughtered 196 

at a commercial abattoir, and the testes were examined for any injuries caused by the 197 

testicular biopsies. 198 

Testicular biopsies were fixed in Bouin’s solution for 24 h and subsequently stored 199 

in 70% alcohol. For histological evaluation, biopsies were dehydrated using sequential 200 

dilutions of methanol (25, 50, 75, and 100%) and immediately after dehydration, they were 201 

embedded in paraffin blocks. From these blocks, 5 µm-thick sections were cut and mounted 202 

on glass slides, which were stained with hematoxylin and eosin. Slides were evaluated at 203 

100 and 400 x magnification using a Leica DM50 microscope (Leica Microsystems) 204 

equipped with a Leica® DC300F photographic microscope. 205 
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RNA extraction and quantification 206 

Testicular biopsies were thawed and homogenized. Total RNA was extracted with 207 

Trizol®, using the co-precipitate GlicoBlue (Invitrogen, São Paulo, SP, Brazil) and stored at 208 

-80 ◦C. For quantification, samples were thawed and incubated with DNAse I (1 IU/mg; 209 

Invitrogen) at 65 ◦C for 10 min to lyse genomic DNA. Immediately after incubation, total 210 

RNA from each sample was submitted to reverse transcription using random primers, 211 

following manufacturer’s instructions (High-Capacity Kit, Applied Biosystems®, Foster 212 

City, CA, USA). 213 

To perform RT-qPCR for target genes (Table 1), QuantStudioTM 7 Flex equipment 214 

using the Power Sybr Green® (Applied Biosystems®) system was used, using specific 215 

primers for each gene. The qPCR reactions were carried out in 25 mL volumes, with 1 mL 216 

of cDNA, 12.5 mL of Power Syber Green PCR Master Mix (Applied Biosystems®), 300 mM 217 

of each forward and reverse primers, and 9 mL of water. The qPCR cycling conditions were 218 

95 ◦C for 10 min for initial denaturing and then 40 cycles of 95 ◦C for 10 s, followed by 219 

primer annealing and extension at 60 ◦C for 1 min (Table 1). Reactions were optimized to 220 

achieve maximum amplification efficiency for each gene (90-110%). Samples were 221 

analyzed in duplicate and as a negative control, water was added to the mix of cDNA (in 222 

each plate). 223 

NormFinder software (Department of Molecular Medicine [MOMA], Aarhus 224 

University Hospital, Aarhus, Denmark) was used to select appropriate housekeeping genes; 225 

amplification profiles of isomeryl peptidylprolyl isomerase A (PPIA), glyceraldehyde 3-226 

phosphate dehydrogenase (GAPDH) and beta-actin (ACTB) were analyzed. Ultimately, 227 

ACTB was identified as the most suitable gene. The Ct method (target genes/ACTB) was 228 

used to quantify relative mRNA abundance, with correction of efficiency for each target 229 

gene [25]. 230 
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 231 

Table 1. Primers for Real-Time Polymerase Chain Reaction (RT-q PCR) to assess mRNA 232 

abundance of genes in testicular tissues from rams. 233 

Gene Forward sequence Reverse sequence Conc. 

(mM) 

Temp. 

(°C) 

TNF-α 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 CCA TCT 200 57 

SOD-2 TCA CAG CAT CTT CTG GAC TGCTCCTTATTGAAGCCAAG 300 60 

GPX-1 AGT TTG GGC ATC AGG AAC CCG AAG GAA GGC GAA GAG 300 60 

HSP70 AAC ATG AAG AGC GCC GTG GAG G GTT ACA CAC CTG CTC CAG TCC 300 60 

GAPDH  GGC GTG AAC CAC GAG AAG TAA AAG CAG GGA TGA TGT TCT GG 200 60 

β-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 234 

2.2. Experiment 2 235 

Location and animals 236 

The experiment was conducted in the same location and under the same conditions 237 

and management practices as Exp. 1, but with other rams. Six crossbred Santa Ines x Dorper 238 

rams, ~18 mo and weighing ~ 60 kg, were used. 239 

Testicular biopsies 240 

 Rams underwent four simultaneous testicular biopsies using Tru-cut® 14 G needles 241 

(diameter, 1.6 mm, Unit). Before the biopsies, they received general dissociative anesthesia 242 

consisting of 0.1 mg/kg of xylazine (Xylazine 2%, Syntec, Barueri, SP, Brazil) administered 243 

intramuscularly, combined with 2.5 mg/kg of ketamine (Ketamine 10%, Syntec). Two 244 

biopsies were taken from each testis, one from the top and one from the bottom region, 245 

following the same procedures outlined in Exp. 1. 246 

The collected testicular samples were fixed in Bouin’s solution for 24 h and then kept 247 

in 70% alcohol for histological evaluations. 248 
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Scrotal Skin Temperature Assessment 249 

Posterior scrotal skin temperature was assessed using infrared thermography (Flir 250 

E53, MSX®, Termovisor®, Atibaia-SP, Brazil) one day before the biopsies collection (D-1) 251 

and thereafter on D1, D2, D3, D6, D8, and D10. 252 

Ultrasonographic Evaluations 253 

The scrotum and testes were evaluated using B-mode ultrasonography (MyLabFive 254 

equipped with a 7.5 MHz linear transducer) on the day prior (D-1) and on subsequent   days:  255 

D1, D2, D4, D6, D8, D10, D25, D50, D75, and D100.  The scanning procedures were 256 

performed as Exp. 1. During these sessions, Doppler mode evaluations of both testicular 257 

arteries were conducted in the vascular cone region, approximately 2 cm above the upper 258 

border of the epididymal head.   Color Doppler mode was first used to locate    the testicular 259 

artery, followed by spectral mode to record arterial blood flow during three consecutive 260 

cardiac cycles. This allowed for the calculation of the resistivity index (RI) and pulsatility 261 

index (PI) [26]. 262 

 263 

Semen evaluation 264 

Semen was collected with an artificial vagina 1 d before (D-1), and then at D25, D50, 265 

D75, and D100 after the biopsies. Total motility (TM), progressive motility (PM), the 266 

percentage of rapid sperm (%RAP), sperm concentration, and sperm morphology were 267 

assessed as outlined in Exp. 1. 268 

2.3. Experiment 3 269 

Location and animals 270 

The experiment was conducted in the same location and under the same conditions 271 

and management practices as Exp. 1. Four crossbred Santa Ines x Dorper rams, ~18 mo and 272 

weighing around 60 kg, distinct from those used in Exp. 1 and 2, were used. 273 
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 274 

Testicular biopsies 275 

Rams underwent six simultaneous testicular biopsies following the same pre- and 276 

trans- and post-biopsies procedures outlined in Exp. 2. Three biopsies were taken from each 277 

testis, alternating testicular regions (upper, middle, and lower), and needle diameter (12G [Ø 278 

2 mm], 14G [Ø 1.6 mm], 16G [Ø 1.2 mm]). Testicular fragments collected were fixed in 279 

Bouin’s solution for 24 h and subsequently stored in 70% alcohol for histological 280 

evaluations. Then, the biopsies were processed and evaluated as described in Exp. 2. During 281 

evaluation, the degree of preservation of the structures of the testicular tissue and the 282 

possibility of identifying the cell types of the testicular parenchyma were examined. 283 

 284 

2.4. Statistical analyses 285 

Parametric assumptions were tested using the Shapiro-Wilk test for normality. In 286 

Exp. 1, seminal parametric data (volume, concentration, major, minor, and total defects, 287 

and sperm kinetics) were analyzed using the paired Student’s t-test. In Exp. 2, when data 288 

had a normal distribution, a one-way analysis of variance (ANOVA). In contrast, a 289 

Friedman test was used for non-normal distributions. 290 

Comparisons between right (RT) and left testis (LT) from NPV and PSD variables 291 

were assessed by repeated measures over time (Mixed Model).  The testis side (TS), day 292 

(D), and a testis side x day interaction (TxD) were considered fixed effects. Also, repeated 293 

measures over time were applied to compare the means of NPV and PSD, considering each 294 

testis and both testes, with day considered a fixed effect. A Tukey test was used as a post-295 

hoc test. Results are mean    standard error of the mean (SEM). Statistical significance was 296 

defined as P < 0.05. 297 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



14 
 
 

Resistivity index (RI), pulsatility index (PI), and morphological defects did not 298 

have a normal distribution. Therefore, comparisons over time were conducted using the 299 

Friedman test followed by Dunn’s post-hoc test. Results are median and first and third 300 

quartiles. Statistical significance was defined as P < 0.05. 301 

Differences in relative mRNA abundance of target genes were evaluated by two-302 

way repeated measurse ANOVA, with a Tukey test used to locate differences. Data that 303 

were not normally distributed were transformed to base-10 logarithms before analysis. 304 

Analyses were performed using JMP software (SAS Institute Cary, NC, USA). Data are 305 

presented as means SEM. Differences were considered significant when P < 0.05 and all 306 

were expressed as fold change. 307 

 308 

3. Results 309 

3.1. Experiment 1 310 

During the experimental period, there were no indications (neither visual nor by 311 

palpation) of any lesion or inflammation in the scrotum or skin, and there were no indications 312 

of intrascrotal fluid collections. Also, rams did not have any behavioral sign of pain during 313 

the biopsy period or thereafter.  314 

The mean number of biopsies per timepoint for the right and left testes was 1.97 and 315 

1.95, respectively. Mean scrotal surface and rectal temperatures (31.1 ± 0.2 and 38.7 ± 0.05 316 

°C, respectively) remained stable during collection of biopsies. For five biopsy attempts, 317 

bleeding did not stop after 5 min of digital pressure, and an additional 5 min of digital 318 

pressure was applied to the puncture point. 319 

There were no significant differences between the control and D28 timepoints for 320 

semen volume, concentration, sperm morphology, or sperm kinetics characteristics (P > 321 

0.05), except for ALH, which was lower at D28 (P < 0.05) (Table 2). 322 
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 323 

Table 2. Mean ± SEM of semen volume, sperm concentration, morphology, and kinetics 324 

characteristics before (Control) and 28 days (D28) after sequential biopsies performed with 325 

Tru-cut® needles in rams (n = 6). 326 

Semen characteristics Control D28 

Ejaculate volume (mL) 1.8 ± 0.10 1.7 ± 0.11 

Concentration (x 109/mL) 1.44 x 109 ± 0.17 x 109 1.15 x 109 ± 0.16 x 109 

Total motility (%) 83.5 ± 2.3 89.2 ± 1.7 

Progressive motility (%) 63 ± 2.9 71.8 ± 1.3 

VCL (μm/s) 209.9 ± 5.2 191.1 ± 6.8 

VAP (μm/s) 123.3 ± 2.4 122.6 ± 4.4 

VSL (μm/s) 104.4 ± 2.4 105.6 ± 3.4 

ALH (μm) 7.6 ± 0.3a 6.2 ± 0.28b 

BCF (Hz) 36.6 ± 1.2 39 ± 1.5 

STR (%) 84.3 ± 1.9 85.3 ± 1 

LIN (%) 52 ± 2 58 ± 2.2 

Minor defects 7.3 ± 1.3 4 ± 0.6 

Major defects 6 ± 1.2 4.8 ± 1.1 

Total Defects 13.3 ± 2.1 8.2 ± 1.2 

ALH: lateral head displacement; BCF: beat cross frequency; LIN: linearity; STR: 327 

straightness; VAP: path velocity; VCL: curvilinear velocity; VSL: progressive velocity.  328 
a,bWithin a row, means without a common superscript differed (P < 0.05). 329 

 330 

No signs of intrascrotal bleeding or hydrocele were detected in the sequential B-331 

mode ultrasound evaluations performed after testicular biopsies. However, from D1 to D3, 332 

hyperechoic areas (~6 mm) were observed near the biopsy sites, surrounded by thin 333 

hyperechoic lines (Fig. 1A). These areas gradually became smaller and more hyperechoic. 334 

However, by day 17, they were no longer visible, and hyperechoic lines were noted in the 335 

testicular parenchyma (Fig. 1B). Gross examination of cross-sectioned testis on day 28 336 

revealed linear fibrosis along the presumptive trajectory of the Tru-cut® needles. Tissue 337 
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fixation with Bouin’s solution promoted excellent preservation of the testicular parenchyma 338 

for histological preparation and evaluation under light microscopy. Histological evaluation 339 

of the testicular parenchyma on day 28 showed areas of seminiferous tubule degeneration, 340 

necrosis, and calcification close to these linear fibrotic regions. For NPV and PSD, there was 341 

no effect (P > 0.05). of the testis side, day, nor an interaction between testis side and day. 342 

Therefore, data from left and right testicular arteries were combined and average values 343 

displayed in Table 3.  344 

 345 

Figure 1. (A) Testicular ultrasonography images displaying a heterogeneous hypoechoic 346 

area (black arrow) 3 d after testicular biopsies. (B) Testicular sonogram showing 347 

hyperechoic lines (black arrow) 17 d post-biopsies. (C) Gross testicular section illustrating 348 

linear fibrosis (black arrow) on 17 d after biopsies. (D) Histological section indicating a 349 

granuloma (black arrow) 28 d post-biopsies. (E) Histological sections displaying areas of 350 

degeneration (black arrow), necrosis (green arrow), and calcification (red arrow) in the 351 

seminiferous tubules. 352 

 353 
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Table 3. Mean ± SEM of the number of pixel values (NPV) and pixel standard deviation 354 

(PSD) of testes of rams (n = 6) before (Day 0) and up to 21 days after sequential biopsies 355 

performed with Tru-cut® needles. There were no differences (P > 0.05). 356 

Days NYP PSD 

0 151.4 ± 4.3 16.2 ± 1 

5 136.4 ± 3.6 17.8 ± 0.4 

9 137.6 ± 9.2 15.6 ± 0.7 

13 137 ± 5.3 17.0 ± 0.8 

17 128.6 ± 4.1 17.1 ± 1.0 

21 139.7 ± 5.9 16.9 ± 0.7 

 357 

Regarding the transcriptional gene profile, for all genes evaluated, there was no effect 358 

of testis side, hour, nor interaction between testis side and hour (P > 0.05; Table 4). 359 

Table 4. Mean ± SEM of transcript abundance of TNFα, IL-1, GPX1, SOD2, HSP70, and 360 

STAR of rams at each moment (M) of sequential biopsies with Tru-cut® needle. Data are 361 

presented as mean ± SEM of relative mRNA levels (target gene/geometric mean of 362 

reference genes [ACTB]. There were no differences (P > 0.05). TNFα, tumor necrosis 363 

factor-α; IL-1, interleukin-1; GPX1, glutathione peroxidase 1; SOD2, superoxide dismutase 364 

2; HSP70, heat shock protein 70; STAR, steroidogenic acute regulatory protein. 365 

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 0.32 ± 0.1 0.36 ± 0.05 0.34 ± 0.09 0.34 ± 0.07 0.36 ± 0.08  

STAR 1.7 ± 0.2 1.8 ± 0.14 1.6 ±0.12 1.9 ± 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 ± 0.12 

 366 

3.2. Experiment 2  367 

Similar to Exp. 1, no signs of injury, inflammation, or fluid accumulation in the 368 

vaginal cavity were observed during scrotal palpations throughout the experimental period. 369 

Additionally, no behavioral signs indicative of scrotal pain were detected during or after 370 

testicular biopsies. 371 

Compared to the control moment (the day before collection of biopsies), there was 372 

no increase in scrotal surface temperature (P > 0.05). Similarly, no time effects were detected 373 
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for semen characteristics (P > 0.1; Table 3), nor for percentages of major and minor 374 

morphological abnormalities (P > 0.05; Table 5) throughout the experimental period. Mean 375 

values for MT, MP, %RAP, and sperm concentration, were 91.7 ± 1.0%, 55.8 ± 1.5%, 77.9 376 

± 1.4%, and 2.42 ± 0.1 × 10⁹ sperm/mL, respectively. Likewise, there was no time effect on 377 

percentage of sperm morphological defects.  378 

 379 

Table 5: Mean values ± SEM of total motility, progressive motility, VCL, VAP, VSL, ALH, 380 

BFC, STR, and LIN and median of sperm defects in rams (n = 8) subjected to four 381 

simultaneous testicular biopsies performed with Tru-cut® needles. Day 0 = biopsy day. 382 

 Days after biopsies 

Semen characteristics D-1 D25 D50 D75 D100 

Concentration (x 

109/mL)# 2.5±0.1 2.8±0.2 2.6±0.2 3.0±0.2 3.0±0.2 

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 (μm/s)# 203.7±6.0 187.8±5.5 176.0±2.9 206.5±6.3 213.6±5.0 

VAP (μm/s)# 127.7±4.3 126.4±2.6 115.5±6.0 127.5±2.3 133.2±4.9 

VSL (μm/s)# 103.1±4,0 105.9±2.8 103.8±7.7 106.1±2.2 113.7±4.1 

ALH (μm)# 7.3±0.3 6.3±0.2 6.0±0.3 7.0±0.3 7.3±0.1 

BCF (Hz)# 21.5±1.0 23.9±0.8 38.6±1.5 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 84.0±1.0 

LIN (%)# 59.6±6.1 57.7±1.1 59.7±3.7 52.86±2.1 53.57±1.4 

Minor defects* 3.5 1.5 4.5 1.0 1.0 

Major defects* 3.0 1.5 4.5 1.0 1.0 

Day 0 (D0): biopsies days, #mean values ± SEM, *median values. 383 

 384 

As observed in Exp. 1, no signs of intrascrotal bleeding nor hydrocele were observed 385 

in the sequential B-mode ultrasound evaluations throughout the experimental period. 386 

There was a time effect for RI and PI of testicular arteries (P < 0.05; Fig. 3). For IR, 387 

values increased from D-1 and D8 and remained high until the end of the experimental 388 

period, except at D50, where values were similar to control and initial timepoints. For PI, 389 
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values increased between D-1 and D4 and remained higher until the end of the experimental 390 

period, except for D50, in which the values were similar to control and initial time points. 391 

Figure 3. Medians values, first and third quartiles for Doppler pulsatility and resistivity 392 

indexes in rams subjected to four simultaneous testicular biopsies with Tru-cut® needles (n 393 

= 8). Day 0 = biopsies days. a-c Time points without a common superscript differed (P < 394 

0.05). 395 

 396 

3.3. Experiment 3  397 

Similar to Exp. 1 and 2, no clinical signs of injury, inflammation, or fluid 398 

accumulation in the vaginal cavity were observed during scrotal palpations. Additionally, no 399 

behavioral signs indicative of scrotal pain were detected during or after biopsies. 400 

Biopsies collected with Tru-cut® 14G and 16G needles (diameters [Ø] of 1.6 and 1.2 401 

mm, respectively) had structural disruptions of testicular parenchyma due to rupture of 402 

several seminiferous tubules, which resulted in mixtures of intra- and extra-tubular cellular 403 

elements (Fig. 4D and G). This was more evident and predominant in samples collected with 404 

16G needles (Fig. 4G and H). In regions where tubule ruptures and cell and mixtures 405 

occurred, it was not possible to reliably recognize testicular cell types (Fig. 4C). However, 406 

in samples collected with 12G needles (Ø of 2 mm), there was better preservation of 407 

testicular parenchyma, with several intact seminiferous tubules (Fig. 4A); in those areas, it 408 

was possible to observe intratubular cell structure (Fig. 4B, F and I) and interstitial areas, 409 

and to evaluate cellular elements (Fig. 4B and 5). 410 
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 411 

 412 

Figure 4. Images representative of the degree of preservation of ovine testicular 413 

parenchyma in histological sections prepared with tissue samples obtained by biopsies with 414 

Tru-cut® needles of 12 G (diameter [Ø] of 2 mm; A, B, and C), 14 G (Ø of 1.6 mm; D, E, 415 

F), or 16 G (Ø 1.2 mm; G, H, I). Comparing images A, D, E, G, and H (100 x 416 

magnification), it was evident that samples collected with 12 G needles had better 417 

preservation of testicular parenchyma structure. In Image A, the structure of the 418 

seminiferous tubules is preserved, whereas in images D and G, there was structural 419 

disorganization of the parenchyma due to rupture of seminiferous tubules and mixing of 420 

cells from intra- and extra-tubular compartments. Note in Images B, F, and I (400x 421 

magnification) that when the tubular structure was preserved, it was possible to identify 422 

cell types. Image C (400x magnification) has an area of rupture of the tubular basement 423 

membrane and a mixture of intra- and extra-tubular cells. 424 

 425 
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 426 

Figure 5. Transverse section of seminiferous tubules and interstitial space of ovine testicular 427 

parenchyma in histological section prepared with tissue sample obtained with Tru-cut® 428 

needles of 12 G (Ø of 2 mm). ESp - Elongated spermatids; PS - Primary spermatocytes; S - 429 

Sertoli cells; G - Spermatogonia; Sp - Spermatids; CM - Myoid cells; L - Leydig cells. 430 

 431 

4. Discussion 432 

Testicular evaluation is critical in studies involving effects of the environment, HS 433 

or male reproductive diseases [19]. Serial biopsies would be extremely useful for assessment 434 

of molecular and histological changes in testicular parenchyma after treatments or 435 

experimental procedures, without a need to castrate (or hemicastrate). This is apparently the 436 

first report to assess effects of serial frequent testicular biopsies in ruminants. Based on an 437 
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absence of transcript profile changes in genes commonly used to monitor steroidogenesis, 438 

inflammatory, oxidative, and HS responses, we inferred that serial biopsies with a 16 G Tru-439 

cut® needle are a viable approach to study acute changes in testicular tissue. 440 

Studies reporting single [13], double [27], weekly [3, 4], or monthly [15] multiple 441 

percutaneous biopsies performed with Tru-cut® needles lacked details regarding pre- or post- 442 

operative procedures. There is only a brief mention in one report that the scrotal skin was 443 

scrubbed with 10% povidone-iodine and rinsed with alcohol [27] and in another report that 444 

skin was infiltrated with 2% xylocaine [13]. In these two studies, a small incision was made 445 

in the scrotal skin to introduce the Tru-cut® needle. In humans, there are reports of pain, 446 

decreased testosterone concentrations [28], infection [29], intratesticular bleeding, and 447 

scrotal hematoma [10, 30] after testicular biopsies [31]. However, in the present study, 448 

appropriate pre- and post-biopsy procedures mitigated potential complications. After 449 

biopsies, keeping the testes in the same position in the scrotum and applying digital pressure 450 

and ice packs minimized intrascrotal bleeding, as no sign of intrascrotal fluid accumulation 451 

was observed ultrasonographically. Also, penicillin and a nonsteroidal anti-inflammatory 452 

drug (NSAID) were given to prevent infection and inflammation. In our opinion, 453 

percutaneous testicular biopsies should only be collected with judicious and pre-emptive 454 

pre- and post-operative procedures. 455 

Immunological and acute inflammatory responses can be triggered by pathogens- 456 

associated molecular patterns (PAMP) or damage-associated molecular patterns (DAMP) 457 

[32]; consequently, testicular biopsies are potential promoters of inflammation due to 458 

pathogens or trauma. Importantly, we measured the transcript profile of pro-inflammatory 459 

cytokines interleukin 1 (IL1) and tumor necrosis factor α (TNF-α) genes to detect 460 

inflammatory responses after sequential biopsies. Despite being physiologically expressed 461 

in testicular parenchyma [33, 34], these genes commonly have high expressions in testicular 462 
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ischemia or autoimmune orchitis [34]. In that regard, IL-1 amplifies the inflammatory 463 

response, stimulating the release of IL-6 by Sertoli cells [35], which act as an inhibitor of 464 

meiotic DNA synthesis in spermatocytes [36]. Testicular inflammation increases TNF-α 465 

expression, inducing apoptosis of Sertoli cells [37]. Together, IL1 and TNF-α participate in 466 

dynamic changes in Sertoli cells’ junctional complexes, and their increase impairs 467 

displacement of germ cells to the adluminal space of seminiferous tubules [38, 39]. 468 

The NSAID use in this study had two beneficial effects. First, it helped to control 469 

testicular inflammation and pain and thereby promoted animal welfare. Second, it probably 470 

prevented a traumatically induced transcription of pro-inflammatory cytokines (IL1 and 471 

TNF-α) in testicular tissues after serial frequent biopsies, avoiding a diffuse testicular acute 472 

inflammatory response and, consequently, dysfunctional spermatocytes [36] and Sertoli 473 

cells [37]. However, as HS did not change testicular transcription of these cytokines 474 

(Ferreira, unpublished data), we inferred that NSAID treatment did not create a bias for these 475 

studies. 476 

Furthermore, the transcript profile of STAR did not change during the experimental 477 

period. Testicular HS [19] or inflammatory conditions [40, 41] decreased STAR mRNA in 478 

testicular parenchyma. The absence of changes in the STAR transcript profile in this study 479 

provided evidence that steroidogenesis was not impaired and reinforced the lack of a diffuse 480 

testicular acute inflammatory condition after serial biopsies. 481 

Reactive oxygen species (ROS) participate in several physiological cellular 482 

processes [42]. However, large accumulations can have harmful effects [42]. Both TNFα 483 

[43] and IL1 [44] are involved in intracellular ROS production. Glutathione peroxidase 484 

(GPX) and superoxide dismutase (SOD) are essential enzymes to prevent deleterious effects 485 

of intracellular ROS accumulation [45]. Based on the absence of changes in GPX1 and 486 

SOD2 mRNA transcripts, we inferred that the NRF2-antioxidant response element signaling 487 
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pathway, the first cellular response to intracellular accumulation of ROS, was not activated 488 

[46].  Also, the absence of changes in the transcript profile of the HSP70 gene indicated that 489 

ROS balance was not impaired in the testicular tissue after repeated biopsies, as HSP70 is a 490 

critical protein to mitigate the deleterious effects of intracellular ROS accumulation [47]. 491 

The most pronounced seminal changes in testicular degeneration in ruminants occur 492 

from 21 to 28 d after its induction and are characterized by reductions in sperm motility and 493 

percentage of morphologically normal sperm in ruminants [48, 49]. Except for ALH, which 494 

decreased, but remained within a physiologic range [50, 51], the lack of changes in the 495 

ejaculate, sperm characteristics, and morphological defects at D28 indicated that 496 

spermatogenesis was not impaired by the serial sequential biopsies (five or six per testis). 497 

Also, in Exp. 2, no changes in the ejaculate’s characteristics nor morphological defects were 498 

observed until 100 d after four simultaneous biopsies (two per testis).  These findings 499 

provided further evidence that there was no diffuse testicular acute inflammation and, 500 

consequently, no testicular degeneration. 501 

All evidence mentioned above was corroborated by ultrasonography, a valuable tool 502 

for examining testicular parenchyma [52]. As mentioned, there was no evidence of intra-503 

scrotal fluid accumulation. Both NPV and PSD have been used to monitor development of 504 

seminiferous tubules, testicular tissue density, and proportions of testicular cell types [4, 53, 505 

54]. Despite ultrasonographic changes observed in the testicular parenchyma in Exp. 1 and 506 

2 (e.g., hypoechoic areas and hyperechoic lines), the absence of significant changes in NPV 507 

and PSD of areas distal from biopsy sites supported our conclusion of no diffuse change in 508 

testicular parenchyma. 509 

Increased testicular temperature and consequently decreased sperm progressive 510 

motility were reported, up to 14 and 28 d, respectively, after a single biopsy in bulls [13]. In 511 
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the present study, no increase of scrotal surface temperature nor deleterious effect on semen 512 

quality was observed, as reported after single bilateral biopsies in bulls [55] or rams [14]. 513 

As acute testicular HS increases testicular blood flow in ruminants [56–58], 514 

additional evidence of the absence of testicular heating or inflammation was the discrete 515 

increase of RI and PI during Exp. 2, highlighting that there was no acute or late increase in 516 

testicular blood flow after the after multiple testicular biopsies. 517 

There are reports of poor semen quality after testicular trauma in stallions [59] or 518 

after collection of a biopsy with a 14 G needle in rams [12]. These effects were attributed to 519 

the immune system’s access to germ cells and subsequent anti-sperm autoimmune reactions 520 

[11, 60]. We assumed that there were breaches of the blood-testis barrier caused by multiple 521 

biopsies in our study.   Regardless, these lesions did not result in a subsequent decrease of 522 

seminal characteristics, even 100 d after these biopsies. As mentioned before, immune 523 

responses are triggered by PAMP and DAMP [32].  In the present study, we implemented a 524 

series of anti-inflammatory procedures (e.g., control of post-biopsy hemorrhage, use of ice 525 

packs, and non-steroidal inflammatory therapy), it is reasonable the possibility that the 526 

immune modulation promoted by these procedures could have decreased the intralesional 527 

chemotaxis and, consequently, exposure of immune cells to the non-self-spermatogenic 528 

cells, limiting autoimmune responses. Similar results were observed in dogs after collecting 529 

a biopsy with a 14G Tru-cut® needle. There was no acute or long-term decrease in sperm 530 

quality, nor an increase in serum concentrations of anti-sperm antibodies [61]. 531 

Despite being an excellent tool for obtaining testicular tissue samples for molecular 532 

assays (e.g., PCR assay), biopsies using Tru-cut® needles were also an effective method for 533 

collecting samples for histological evaluation. However, this was only achievable with the 534 

12G needle as smaller diameter needles caused several artifacts and ruptures in seminiferous 535 

tubules, making samples unsuitable for histology. 536 
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Our results using 12G Tru-cut® needles to obtain testicular samples were similar to 537 

those reported with 14G Tru-cut® needles in dogs and rams. These samples were considered 538 

adequate for assessing the structure of seminiferous tubules and intra- and extra-tubular cells, 539 

critical features for histological evaluation [14, 61]. 540 

 541 

5. Conclusion 542 

Multiples testicular biopsies did not change the transcriptional profile of testicular 543 

genes related to oxidative stress, acute inflammation, or steroidogenesis. Also, after the 544 

biopsies, there were no changes in testicular ultrasonographic echogenicity and 545 

heterogenicity up to 21 d or in seminal characteristics up to 100 d. Therefore, we concluded 546 

that this approach was valuable for monitoring acute-short time molecular and cellular 547 

changes in testicular tissues. 548 
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