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Abstract20

The aim of this study was to assess two models of sperm collection on the quality and 21

fertility of thawed spermatozoa from Black Manchego rams, a threatened breed. Sperm 22

samples were collected by electroejaculation (EE) and postmortem (PM) from each 23

male. Samples were diluted with Biladyl® and frozen. Motility (subjective and CASA), 24

membrane integrity and acrosomal status (microscopy) were assessed on fresh semen; 25

plasmalemma integrity, mitochondrial membrane potential, DNA integrity and 26

acrosomal status were evaluated by flow cytometry on thawed semen. Thawed 27

spermatozoa were used in a heterologous in vitro fertilization test. After thawing, the 28

proportion of live spermatozoa with intact membrane (YO-PRO-1-/PI-) was higher for 29

PM samples (P < 0.001), although the ratio of YO-PRO-1- spermatozoa within the PI-30

population was higher for ejaculated samples (P = 0.007). Likewise, the proportion of 31

live spermatozoa having high mitochondrial membrane potential (Mitotracker+) and 32

intact acrosomes (PNA-) was higher for PM samples (P < 0.001 and P < 0.001, 33

respectively). Considering only live spermatozoa, the ratio of Mitotracker +, PNA- cells 34

was higher for EE samples (P = 0.026 and P = 0.003). Both EE and PM samples 35

fertilized oocytes. Nevertheless, EE samples yielded a higher percentage of hybrid 36

embryos (P = 0.041). In conclusion, although PM spermatozoa had better sperm quality 37

after thawing, EE spermatozoa showed higher ratios for sperm quality when only the38

live population was considered. EE and PM samples might be used for germplasm 39

banking of this threatened breed, but the fertility of PM spermatozoa might be lower.40

Keywords: Electroejaculated spermatozoa; Epididydimal spermatozoa; Germplasm 41

banking; Ram; Heterologous in vitro fertilization42

43
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44

1. Introduction45

The Manchega sheep is an autochthonous dairy breed from Spain, with a white and a 46

black variety. Currently, there are few herds of Black Manchega sheep (around 2000 47

animals), and in Spain it is considered an endangered breed of special interest (RD 48

1682/1997). As recommended by the Food and Agriculture Organization of the United 49

Nations (FAO), endangered breeds must be preserved by ex situ and in situ means. 50

One of the ex situ procedures consists in the development of Genetic Resource 51

Banks, cryopreserving gametes and embryos, thus allowing to store genetic resources52

indefinitely [1]. Assisted Reproductive Technologies have demonstrated to be 53

successful tools to reproduce endangered species, being sperm cryopreservation, in 54

combination with artificial insemination, the method that has been most extensively 55

applied. 56

Semen can be collected from live animals by artificial vagina [2], but this 57

technique requires a previous training period [3]. Electroejaculation is an alternative 58

when males are not trained to artificial vagina. This method allowed the collection of 59

high quality semen in Guirra ram without noticeable differences from semen collected 60

by artificial vagina [4]. In that study, sperm quality was higher for electroejaculated 61

samples even after cryopreservation. 62

Postmortem recovery of spermatozoa and their utilization has received much 63

less attention in sheep than in other domestic species [5,6]. Collection and 64

cryopreservation of epididymal spermatozoa is a useful method to rescue germplasm of 65

dead animals which would be otherwise lost, and use it to preserve endangered breeds. 66

This kind of samples have been successfully cryopreserved and used for artificial 67

insemination or in vitro fertilization in other ungulates, such as red deer [7-13]. 68
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Ejaculated spermatozoa have a lower cryosurvival and osmotic resistance than 69

epididymal ones [14]. Nevertheless, it has been showed that adding seminal plasma to 70

epididymal spermatozoa protects against the effects of cooling and freezing [15,16].71

However, seminal plasma could also have detrimental effects on cryosurvival [17].72

In vitro fertility of fresh semen obtained by artificial vagina and postmortem has 73

been studied in sheep [5]. However, so far any studies have been conducted in this 74

species for evaluating the effect of collection method (electroejaculation or postmortem 75

recovery) on post-thawing sperm quality and fertility.76

Considering this background, the objective of this study was to evaluate the 77

post-thawing sperm quality and in vitro fertility of sperm samples obtained both by 78

electroejaculation and by postmortem collection from Black Manchega rams, in order to 79

assess its suitability for germplasm banking, and the differences between both 80

methodologies. 81

82

2. Materials and Methods83

2.1. Animals and reagents84

All animal procedures were performed in accordance with the Spanish Animal 85

Protection Regulation, RD 1201/2005, which conforms to European Union Regulation 86

2003/65. Six rams of Black Manchega breed (age > 3 years) were used. Males were 87

maintained and managed at Regional Center of Animal Selection and Reproduction, 88

placed in Valdepeñas (Spain). These males had not been trained to artificial vagina. 89

Chemicals were of reagent grade and were purchased from Sigma (Madrid, 90

Spain). Fluorescence probes were purchased from Invitrogen (Barcelona, Spain), except 91

for propidium iodide (PI) and peanut agglutinin conjugated with fluoresceine 92
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isothyocianate (PNA-FITC), bought from Sigma. Chromatographically purified acridine 93

orange was purchased from Polysciences Inc. (Warrington, PA, USA).94

2.2. Semen collection95

Semen samples were collected by electroejaculation and from epidydimis postmortem96

from the same males. Previous to electroejaculation (15 minutes before), males received 97

an intramuscular injection of xylazine (0.2mg kg-1 body weight; Rompun 2%, Bayer 98

S.A. Barcelona, Spain). Rectum was cleaned from faeces and the prepucial area was 99

shaved and washed with physiological saline serum. Electroejaculation was carried out 100

using a three-electrode probe (250 mm x 25 mm) connected to a power source that 101

allowed voltage and amperage control (P. T. Electronics, Boring, OR). Semen was 102

collected into a graduated collection vial at 37 ºC.103

For the postmortem collection, the testicles of each male were obtained at 104

slaughterhouse and transported at room temperature, arriving at the laboratory between 105

0.5 and 1 hour afterwards. Testicles with epididymes attached were isolated from 106

scrotum. Epididymal spermatozoa were collected performing several incisions on each 107

cauda epididymis with a surgical blade, placing the sperm suspension in 1 mL PBS 108

(phosphate buffer saline, pH: 7.5, 310 mOsm/kg). 109

After sperm collection, sperm motility, percentage of spermatozoa with intact 110

acrosome assessed by phase-contrast microscopy (%, NAR) and percentage of live 111

spermatozoa assessed by nigrosin–eosin staining (%; Viability) were assessed as 112

described by Soler et al. [9]. Motility was also assessed by Computer Assisted Semen 113

Analysis (CASA) as described Martínez et al. [18]. A 5 !L drop was put on a slide at 37 114

ºC, covered with a 22 x 22 coverslip and examined (3 fields at least) with a phase 115

contrast microscope (Nikon 80i, negative contrast optics) with a warming state at 37 ºC. 116

Analysis were carried out using the Sperm Class Analyzer software (SCA2002, 117
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Microptic, Barcelona, Spain) and the following parameters were used for the study: 118

average path velocity (!m/s; VAP), linearity (%, LIN), amplitude of the lateral 119

movement of the head (!m; ALH) and beat cross frequency (Hz; BCF). 120

2.3. Cryopreservation121

After initial semen evaluation, sperm samples obtained by electroejaculation and 122

postmortem collection were diluted with freezing extender Biladyl® (Minitüb, 123

Germany) with 20% egg yolk. Semen was diluted to 400 x 106 spermatozoa/mL with 124

Biladyl®, Fraction A, at 30 ºC. Diluted semen was cooled to 5 ºC for 2 hours and then 125

was further diluted with the same volume of Bildadyl®, Fraction B. Sperm samples 126

were allowed to equilibrate at 5 ºC for 2 h and packed in 0.25 ml plastic straws. Finally, 127

they were frozen in a programmable biofreezer (IceCube 14S-Ver. 1.30 ©2004 SY-128

LAB Geräte GmbH Minitüb®) at 20 ºC/min to -100 ºC, and at 10 ºC/min from -100 ºC 129

to -140 ºC and then plunged into liquid nitrogen.130

2.4. Assessment of frozen-thawed spermatozoa131

Thawing was performed by dropping the straws (two per male and per collection 132

method) in a water bath at 37 ºC for 20 s. Thawed spermatozoa were layered on a 133

Percoll discontinuous density gradient (45%/90%) and centrifuged at 700 x g for 10 min 134

in order to eliminate the particles of egg yolk and enrich the sample in highly motile 135

spermatozoa. After centrifugation, the supernatant was carefully removed. Sperm 136

samples were evaluated for sperm motility, acrosomal status by phase-contrast (%; 137

NAR), viability by nigrosin-eosin (%; Viability) and motility by CASA in the same way 138

that in fresh sperm samples. After this evaluation, thawed samples were incubated at 37 139

ºC for 2 h, and then sperm motility, acrosomal status (%; NAR) and viability (%; 140

Viability) were assessed as previously described. 141
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In addition, two more straws were thawed for the assessment of the seminal 142

quality by flow cytometry. We assessed the membrane status with YO-PRO-1, the 143

mitochondrial membrane potential with Mitotracker Deep Red, the acrosome integrity 144

with peanut agglutinin conjugated with fluorescein isothiocyanate, (FITC-PNA), and 145

the viability (membrane integrity) with propidium ioide (PI).146

We prepared two staining solution using flow cytometer sheath fluid (BD147

FACSFlowTM). One of them was prepared with 3 nM Hoechst 33342 (stock: 9 !M in 148

milli-Q water), 50 nM YO-PRO-1 (stock: 100 !M in DMSO), 15 !M PI (stock: 7.5 mM 149

in milli-Q water) and 100 nM of Mitotracker Deep Red (stock: 1 mM in DMSO). The150

other solution was prepared with 3nM Hoechst 33342, 15 !M PI, and 10 !g/mL of 151

PNA-FITC (stock of 0.2 mg/mL in dH2O). We diluted the sample in 0.5 mL of each 152

staining solution in polypropylene tubes for flow cytometry (5 x 106 spermatozoa/mL). 153

The tubes were allowed to rest for 15 min in the dark and then analyzed using a Becton 154

Dickinson LSR-I flow cytometer (BD Biosciences, San José, CA, USA). We used the 155

three lasers of the cytometer to excite the different fluorochromes. A 325 nm Helium-156

Cadmium UV laser for exciting the Hoechst 33342, a 488 nm Argon-Ion laser for 157

exciting YO-PRO-1, PNA-FITC and PI, and a 633 nm Helium-Neon laser for exciting 158

Mitotracker Deep Red. We acquired the FSC (forward-scatter light) and SSC (side-159

scatter light) signals plus the fluorescence light of each fluorochrome using four 160

photodetectors. FL1 was used for YO-PRO-1 and PNA-FITC (530/28BP filter), FL3 for 161

propidium ioide (670LP filter), FL5 for Hoechst 33342 (424/44BP filter) and FL6 for 162

Mitotracker Deep Red (670/40BP filter). The acquisition was controlled using the Cell 163

Quest Pro 3.1 software (BD Biosciences). All the parameters were read using 164

logarithmic amplification. We set up an acquisition template in the software which 165

allowed us first to discriminate spermatozoa from debris within the events acquired. 166
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FSC/SSC and FL5/FL3 (Hoechst 33342 vs. PI) dot-plots were used to discard debris. 167

The filtered events were displayed in dot-plots showing either FL1/FL3 (YO-PRO-1 vs. 168

PI or PNA-FITC vs. PI) and FL6/FL3 (Mitotracker Deep Red vs. PI). We acquired 169

10000 spermatozoa from each sample, saving the data in FCS v. 2 files. The analysis of 170

the flow cytometry data was carried out using WinMDI v. 2.8 (The Scripps Research 171

Institute, La Jolla, CA, USA).172

YO-PRO-1-/PI- spermatozoa were considered as viable (non-“apoptotic”, intact 173

membrane), Mitotracker+/PI- spermatozoa as viable with high mitochondrial membrane 174

potential and PNA-/PI- spermatozoa as viable with intact acrosome. Also, we calculated 175

the ratios of YO-PRO-1-, Mitotracker+ and PNA- within live spermatozoa population 176

(PI-). 177

Chromatin stability was assessed by using the SCSA® (Sperm Chromatin 178

Structure Assay) technique (SCSA® Diagnostics, Inc., Brookings, SD, USA) [19]. This 179

technique is based in the susceptibility of the sperm DNA to acid-induced denaturation 180

in situ and in the metachromatic staining Acridine Orange (AO). This stain fluoresces 181

green when combined with double-stranded DNA, and red when combined with single-182

stranded DNA (denatured). Thawed spermatozoa were diluted with TNE buffer (0.15 M 183

NaCl, 0.01 M Tris HCl, 1 mM EDTA; pH=7.4) to 2 x 106 cells/mL. Samples were flash 184

frozen in LN2 and stored at -80 ºC until analysis. For the analysis, the samples were 185

thawed on crushed ice and 200 !l were put on a cytometry tube. Then, we added 400 !l 186

of an acid-detergent solution (0.08 M HCl, 0.15 M NaCl, 0.1% Triton X-100, pH=1.2). 187

Exactly 30 sec after adding the acid-detergent solution, we added 1.2 mL of staining 188

solution (6 !g/mL of acridine orange in a buffer containing 37 mM citric acid, 126 mM 189

Na2HPO4, 1.1 mM disodium EDTA and 150 mM NaCl; pH=6). After 3 min, the sample 190

was run through a Becton Dikinson LSR-1 flow cytometer. Acridine orange was excited191
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using an argon laser providing 488 nm light. The red fluorescence was detected using a 192

long pass (670LP) filter (FL-3) and the green one using a band pass (530/28BP) filter 193

(FL-1). Sample acquisition was carried out with a CellQuest v. 3 software. Flow 194

Cytometry data (FCS files) were processed and saved as tabbed text using WinMDI v. 195

2.8 (The Scripps Research Institute, La Jolla, California). We calculated the DNA 196

fragmentation Index (DFI) for each spermatozoon as the ratio of red fluorescence 197

respect to total fluorescence (red+green), expressed as a percentage. High values of 198

DFI, indicates chromatin abnormalities. We also calculated %DFI, as the percentage of 199

spermatozoa with DFI > 25, and High DNA Stainability (HDS) as the percentage of the 200

spermatozoa with green fluorescence higher than channel 600 (of 1024 channels).201

Thawed semen was incubated at 37 ºC for 2 h in the same freezing extender and 202

all sperm parameters previously cited, except chromatin stability, were assessed by flow 203

cytometry.204

2.5. Heterologous in vitro fertilization (IVF)205

We carried out a heterologous IVF test to assess the fertilizating potential of 206

electroejaculated and postmortem sperm samples, since this assay is highly related with 207

the in vivo fertility as described by García-Álvarez et al. [20]. We performed 208

heterologous IVF four times per male and method collection, and a minimum of twenty 209

oocytes per well was used. Ovaries were collected at slaughterhouse from heifers about 210

1 year old, and transported to our laboratory in saline solution (30 ºC) between 1-2 h 211

after removal. Immature oocytes were collected from the ovaries using 19-gauge needle, 212

in TCM-199 supplemented with HEPES (2.39 mg/mL), heparin (2 !L/mL) and 213

gentamycin (40 !g/mL). Aspirated cumulus oocyte complexes (COC) were washed in 214

TCM-199 gentamycin (40 !g/mL), selecting those with dark homogeneous cytoplasm 215

and surrounded by tightly packed cumulus cells. These COC were placed in four-well 216
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plates containing 500 !L of TCM-199 supplemented with cysteamine (100 !M) and 217

epidermal growth factor (EGF) (10 ng/ml) and matured at 38.5 ºC in 5% CO2. After 24 218

h, COC were washed in synthetic oviduct fluid (SOF) supplemented with essential and 219

non-essential amino acids [21], and cumulus cells were removed by gentle pipetting. 220

Oocytes (minimum 20 oocytes per well) were transferred to four-well plates with 400 221

!L of fertilization medium (SOF supplemented with 10% of estrous sheep serum and 40 222

!g/mL gentamycin) under mineral oil. 223

Thawed samples (electroejaculated and epididymary) were centrifuged through a 224

Percoll discontinuous density gradient (45%/90%) and were capacitated in the 225

fertilization medium for 10 min. Sperm was co-incubated with oocytes at a final 226

concentration of 106 spermatozoa/mL at 38.5 ºC in 5% CO2. 227

Oocytes were evaluated visually with an inverted microscope (Nikon Eclipse 228

TE2000-U) 40 h later for cleavage (two to eight cells). Then, the oocytes were fixed and 229

stained with Hoechst 33342 to confirm the fertilization by the presence of 2 or more 230

nuclei (%; cleavage).231

2.6. Statistical Analysis232

Statistical analyses were carried out using SPSS®, version 15.0 (SPSS Inc., Chicago, 233

IL, USA). A GLM-ANOVA tested the effect of collection method (electroejaculation 234

and postmortem recovery) on sperm quality for fresh, thawed and incubated sperm 235

samples, and on heterologous in vitro fertility for thawed sperm samples. Data were 236

split into two groups according to collection method (electroejaculation or postmortem237

recovery) and Pearson rank correlations were carried out to study the relationships 238

between % cleavage and sperm quality. Also, stepwise multiple regression analyses 239

were carried out in order to predict the % cleavage from quality analyses for fresh, 240

thawed and incubated samples. Significance was set at P < 0.05.241
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242

3. Results243

Sperm quality of fresh samples was not different between collection methods, except for 244

sperm viability, which was higher in postmortem samples (P < 0.001) (Table 1). 245

After thawing, sperm motility and velocity were higher in postmortem samples 246

(P = 0.043 and P = 0.001, respectively) (Table 1). There were significant differences 247

between electroejaculated and postmortem samples for most of the parameters 248

evaluated by flow cytometry, with lower values for electroejaculated spermatozoa (YO-249

PRO-1-/PI-;P < 0.001, PNA-/PI-; P < 0.001, Mitotracker+/PI-; P < 0.001) (Table 2). 250

However, considering the live spermatozoa population (PI-) the electroejaculated 251

samples yielded a higher ratio of YO-PRO-1-, (P = 0.007), PNA- (P = 0.003) and 252

Mitotracker+ (P = 0.026) spermatozoa (Table 3). Moreover, the cleavage rate after the 253

heterologous IVF was higher for electroejaculated spermatozoa (32.69% vs 21.84%, P = 254

0.041) (Fig. 1).255

After incubation, sperm motility and the percentage of spermatozoa with intact 256

acrosome (subjectively assessed) were higher for postmortem samples (34.16 ± 3.87% 257

vs. 10.00 ± 4.74%, P = 0.004, and 74.33 ± 6.35% vs. 19.25 ± 7.78%, P = 0.001,258

respectively). We did not find significant differences between the collection methods 259

for sperm viability (EE: 33.83 ± 5.92% and PM: 24.00 ± 7.25%, P = 0.324). The 260

percentages of YO-PRO-1-/PI-, PNA-/PI- and Mitotracker+/PI- were higher in 261

postmortem samples (P = 0.001, P = 0.001 and P = 0.032 , respectively) (Table 2). 262

However, considering only the PI- (“live”) spermatozoa population the ratios of PNA-263

and Mitotracker+ were higher for electroejaculated samples (P = 0.005 and P < 0.001 ,264

respectively) (Table 3). 265
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We also studied the relationships between sperm quality parameters and 266

cleavage rate for samples obtained by electroejaculation and those obtained from the 267

epididymis postmortem. For fresh sperm samples, any parameter was correlated with 268

the % cleavage for both kinds of samples (electroejaculation and postmortem). 269

However, for thawed sperm samples recovered from the epididymis postmortem, there 270

was a correlation between LIN and cleavage rate (r = 0.85, P = 0.029). Incubated 271

samples displayed a relationship between the ratio of YO-PRO-1- within PI-272

spermatozoa subpopulation and the fertility in postmortem samples (r = 0.83, P = 273

0.039). 274

Stepwise multiple regression analyses were used to select a set of sperm quality 275

variables in fresh, thawed and incubated samples that best predicted fertility (cleavage 276

rate) in the samples collected by electroejaculation and postmortem. For fresh sperm 277

samples obtained either by electroejaculation or postmortem, any parameter was 278

predictive of the fertility. For thawed epididymal samples, LIN was the only predictor 279

of fertility (r2 = 0.73, P = 0.029) (Fig. 2A). After incubation, the ratio of YO-PRO-1-280

within PI- subpopulation in postmortem samples was the only predictor of fertility (r2 = 281

0.69, P = 0.039) (Fig. 2B). 282

283

4. Discussion284

In this study, we assessed the effect of collection method (electroejaculation and 285

postmortem), on sperm quality for fresh, thawed and incubated samples and on in vitro 286

fertility from black Manchego rams. Both collection methods provided good sperm 287

quality. Electroejaculation is an excellent choice for animals that have not been trained 288

to artificial vagina, whereas postmortem collection can be used as an emergency method 289

when valuable males die suddenly.290
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Our results showed that sperm quality for fresh samples was similar for 291

electroejaculated and epididymal spermatozoa, although the viability was higher for 292

epididymal spermatozoa (postmortem recovery). Other authors have studied the effect 293

of collection method in other species. Blash et al. [22] compared the quality of 294

epididymal spermatozoa and semen obtained by artificial vagina from goat bucks. 295

These authors showed that for fresh samples the viability was higher in epididymal 296

spermatozoa, results that agree with the finds out of this study. However, in other 297

species such as red deer, the viability was higher in electroejaculated samples that in 298

those obtained postmortem [18]. It is difficult to explain why these studies differed with 299

ours, since different methodologies (collection and analyses) were used in these studies. 300

Cryopreservation, as expected, substantially reduced sperm viability in both 301

kinds of samples (electroejaculated and postmortem), yielding better results for PM 302

samples. Recent studies showed that electroejaculated samples had lower resistance 303

than epididymal spermatozoa when submitted to cryobiologicaly stressful conditions 304

such as chilling, osmotic stress and addition and removal of cryoprotective agents [14]. 305

In our study, sperm quality of electroejaculated samples was worse than that of 306

epididymal samples, after thawing. Nevertheless, the ratios for YO-PRO-1-, PNA- and 307

Mitotracker+ spermatozoa, considering live spermatozoa subpopulation, were lower for 308

epididymal spermatozoa, suggesting a higher heterogeneity, which may have 309

contributed to their lower fertility results. 310

With respect to the IVF results, our outcomes do not agree with those obtained 311

by Kaabi et al. [5], who found that ram epididymal and ejaculated spermatozoa rendered 312

similar results in an IVF test. Our results may differ because Kaabi et al. [5] obtained 313

ejaculated spermatozoa using artificial vagina, not electroejaculation, and because of 314

rearing or breed differences. Furthermore, Blash et al. [22] did not find differences after 315
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an IVF assay using ejaculated and epididymal spermatozoa from goat. However, they 316

found a higher pregnancy rate for ejaculated samples. Other authors showed that 317

ejaculated bull spermatozoa had a higher binding ability to zona pellucida than those 318

obtained postmortem from the same animals [23]. 319

Spermatozoa complete their maturation during their transport along epididymis 320

[24]. Evenson and Wixon, [25] described that lack of appropriate sperm maturation 321

resulted in increased DNA stainability (HDS). Our results showed that there were not 322

differences in HDS between electroejaculated and epididymal spermatozoa. Likewise, 323

%DFI, indicative of DNA fragmentation, was not different for both collection methods 324

(electroejaculation and postmortem, recovery). García-Macías et al. [26] found in ram 325

that spermatozoa obtained of cauda epididymis had highly condensed chromatin, similar 326

to ejaculated samples obtained by artificial vagina. Our data confirm that 327

electroejaculated and postmortem samples have similar maturity indexes and that, 328

although epididymal spermatozoa are more resistant to cryopreservation, this procedure 329

affects similarly to both types of samples regarding to chromatin status.330

The differences in IVF could be explained considering that electroejaculated and 331

epididymal spermatozoa respond differently to the capacitation treatments of the IVF 332

protocol used in this study. A very important difference between both kinds of samples 333

is that ejaculated spermatozoa contact with the seminal plasma. Recent papers have 334

revealed important roles for a number of proteins found in seminal plasma, which act in 335

the regulation of in vitro capacitation [27]. Thus, Maxwell et al. [28], suggested that 336

components of seminal plasma were responsible for the improved pregnancy rate 337

following the resuspension of frozen-thawed ram spermatozoa in a medium containing 338

seminal plasma. However, in recent studies, the addition of seminal plasma to 339

ejaculated semen did not improve the pregnancy rate in cervicaly inseminated ewes 340
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[29], and the addition of seminal plasma to epididymal spermatozoa accelerated cell 341

death in other cases [30]. In the present study is impossible to know if the higher 342

fertility of ejaculated sperm samples was due to the action of seminal plasma or to the 343

intrinsic characteristics of ejaculated cells.344

We obtained correlations between several quality parameters and fertility only 345

for the samples obtained postmortem, possibly due to their higher heterogeneity. These 346

correlations were not found in fresh samples, but appear after thawing with LIN 347

(linearity) and after incubation with the ratio of YO-PRO-1- in the PI- subpopulation.348

Both LIN [31] and membrane integrity [32, 33] have been found to be good predictors 349

of fertilization and pregnancy rate. It is possible that epididymal sperm samples with a 350

lower ratio of YO-PRO-1-, therefore with a predominant subpopulation of “apoptotic” 351

spermatozoa (YO-PRO-1+/PI-) in the PI- subpopulation, were announcing a lower 352

fertilizing ability. 353

Our results allow us concluding that it is possible to obtain ram spermatozoa of 354

good quality and freezability both by electroejaculation and postmortem. Therefore, 355

these methods might be used to preserve semen of endangered breeds, either when 356

males have not been trained for artificial vagina (electroejaculation), in case of sudden 357

death, or as a last resource in the case that males must be removed from herds 358

(postmortem recovery). Nevertheless, in vitro fertility was higher for thawed 359

spermatozoa recovery by electroejaculation. Further studies are necessary in order to 360

explain this difference, and to improve IVF protocols for epididymal spermatozoa.361
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Figure 1. Cleavage rate for thawed sperm samples obtained by electroejaculation and 484

postmortem (epididymis) from Black Manchego rams. Bars with different letters 485

indicate statistically significant differences (P = 0.041). 486

487
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Figure 2. Relationship between cleavage rate and different sperm parameters for 488

samples obtained postmortem (epididymis) from Black Manchego rams489

(A) Relationship between cleavage rate and linearity (LIN) in thawed sperm samples 490

(B) Relationship between cleavage rate and YO-PRO-1- within PI- spermatozoa 491

subpopulation in incubated sperm samples 492

493
494
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Table 1. Effect of collection method (electroejaculation and postmortem recovery) on sperm quality in fresh and thawed samples from six Black 495
Manchego rams.496

Sperm 

samples

Collection 

method

Sperm parameter

SM (%) NAR (%) Viability (%) VAP (!m/s) LIN (%) ALH (!m) BCF (Hz)

Fresh Electroejaculation 74.17±3.96 94.33±0.66 82.00±1.69 194.58±13.99 66.86±4.65 5.93±0.80 10.0±0.59

Postmortem

P

76.67±2.10

0.590

93.50±1.05

0.520

94.67±0.61

<0.001

175.47±6.62

0.245

60.95±3.11

0.316

8.32±1.09

0.108

8.38±0.46

0.058

Thawed Electroejaculation 36.67±7.60 63.00±15.35 45.00±7.13 76.29±4.80 61.24±5.53 4.37±0.50 7.67±0.47

Postmortem 57.50±4.78 93.17±1.01 60.50±7.09 117.26±8.14 62.64±2.57 5.48±0.51 6.78±0.28

P 0.043 0.078 0.154 0.001 0.823 0.156 0.138

Data are means ± SEM. SM: sperm motility; NAR: spermatozoa with intact acrosome; VAP: average path velocity; LIN: linearity; ALH: 497
amplitude of the lateral movement of the head; BCF: beat cross frecuency498

499
500
501
502
503
504
505
506
507
508
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509
Table 2. Effect of collection method (electroejaculation and postmortem recovery) on parameters evaluated by flow cytometry in 510
thawed and incubated sperm samples from six Black Manchego rams.511

Sperm 

samples

Collection 

method

Sperm parameter

YO-PRO-1-/PI- (%) PNA-/PI- (%) Mitotracker+/PI- (%) % DFI HDS

Thawed Electroejaculation 24.91±6.08 23.92±5.39 24.49±6.11 21.42±3.29 0.26±0.02

Postmortem 65.98±1.53 65.28±1.90 62.71±1.90 15.86±1.83 0.28±0.06

P <0.001 <0.001 <0.001 0.171 0.729

Incubated Electroejaculation 11.11±3.10 11.72±3.19 18.82±3.34 - -

Postmortem 28.55±1.68 29.35±1.96 29.65±2.79 - -

P 0.001 0.001 0.032 - -

Data are means ± SEM. YO-PRO-1-/PI-: live spermatozoa with intac membrane; PNA-/PI-: live spermatozoa with intact 512
acrosome; Mitotracker+/PI-: live spermatozoa with high mitochondrial membrane potential; % DFI: percentage of spermatozoa 513
with DFI (DNA fragmentation index) higher than 25%; HDS: spermatozoa with high DNA stainability (green fluorescence higher 514
than channel 600)515
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Table 3. Ratios of YO-PRO-1-, PNA- and Mitotracker+ (considering PI- subpopulation) in thawed and incubated 516
sperm samples recovery by electroejaculation and from epididymis postmortem from six Black Manchego rams.517

Sperm 

samples

Collection 

method

Sperm parameter

YO-PRO-1- (%) PNA- (%) Mitotracker+ (%)

Thawed Electroejaculation 93.45±0.57 97.92±0.52 92.32±1.69

Postmortem 90.58±0.62 93.95±0.88 86.59±1.40

P 0.007 0.003 0.026

Incubated Electroejaculation 54.97±5.32 89.29±2.32 77.62±1.27

Postmortem 48.22±2.83 79.33±1.52 49.20±3.94

P 0.290 0.005 <0.001

Data are means ± SEM. All data considering only the PI- spermatozoa subpopulation: YO-PRO-1-: spermatozoa 518
with intact membrane; PNA-: spermatozoa with intact acrosome; Mitotracker+: spermatozoa with high 519
mitochondrial membrane potential. 520

521
522
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Figure 1. García-Álvarez et al. 523

524
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Figure 2. García-Álvarez et al.525
526

(A)527

528
(B)529

530

IVF=-31.354 + 0.849 x LIN
R2 = 0.734

IVF=-14.33 + 0.75 x YO-PRO-1-
R2 = 0.695
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Abstract20

The aim of this study was to assess two models of sperm collection on the quality and 21

fertility of thawed spermatozoa from Black Manchego rams, a threatened breed. Sperm 22

samples were collected by electroejaculation (EE) and postmortem (PM) from each 23

male. Samples were diluted with Biladyl® and frozen. Motility (subjective and CASA), 24

membrane integrity and acrosomal status (microscopy) were assessed on fresh semen; 25

plasmalemma integrity, mitochondrial membrane potential, DNA integrity and 26

acrosomal status were evaluated by flow cytometry on thawed semen. Thawed 27

spermatozoa were used in a heterologous in vitro fertilization test. After thawing, the 28

proportion of live spermatozoa with intact membrane (YO-PRO-1-/PI-) was higher for 29

PM samples (P < 0.001), although the ratio of YO-PRO-1- spermatozoa within the PI-30

population was higher for ejaculated samples (P = 0.007). Likewise, the proportion of 31

live spermatozoa having high mitochondrial membrane potential (Mitotracker+) and 32

intact acrosomes (PNA-) was higher for PM samples (P < 0.001 and P < 0.001, 33

respectively). Considering only live spermatozoa, the ratio of Mitotracker +, PNA- cells 34

was higher for EE samples (P = 0.026 and P = 0.003). Both EE and PM samples 35

fertilized oocytes. Nevertheless, EE samples yielded a higher percentage of hybrid 36

embryos (P = 0.041). In conclusion, although PM spermatozoa had better sperm quality 37

after thawing, EE spermatozoa showed higher ratios for sperm quality when only the38

live population was considered. EE and PM samples might be used for germplasm 39

banking of this threatened breed, but the fertility of PM spermatozoa might be lower.40

Keywords: Electroejaculated spermatozoa; Epididydimal spermatozoa; Germplasm 41

banking; Ram; Heterologous in vitro fertilization42

43
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44

1. Introduction45

The Manchega sheep is an autochthonous dairy breed from Spain, with a white and a 46

black variety. Currently, there are few herds of Black Manchega sheep (around 2000 47

animals), and in Spain it is considered an endangered breed of special interest (RD 48

1682/1997). As recommended by the Food and Agriculture Organization of the United 49

Nations (FAO), endangered breeds must be preserved by ex situ and in situ means. 50

One of the ex situ procedures consists in the development of Genetic Resource 51

Banks, cryopreserving gametes and embryos, thus allowing to store genetic resources52

indefinitely [1]. Assisted Reproductive Technologies have demonstrated to be 53

successful tools to reproduce endangered species, being sperm cryopreservation, in 54

combination with artificial insemination, the method that has been most extensively 55

applied. 56

Semen can be collected from live animals by artificial vagina [2], but this 57

technique requires a previous training period [3]. Electroejaculation is an alternative 58

when males are not trained to artificial vagina. This method allowed the collection of 59

high quality semen in Guirra ram without noticeable differences from semen collected 60

by artificial vagina [4]. In that study, sperm quality was higher for electroejaculated 61

samples even after cryopreservation. 62

Postmortem recovery of spermatozoa and their utilization has received much 63

less attention in sheep than in other domestic species [5,6]. Collection and 64

cryopreservation of epididymal spermatozoa is a useful method to rescue germplasm of 65

dead animals which would be otherwise lost, and use it to preserve endangered breeds. 66

This kind of samples have been successfully cryopreserved and used for artificial 67

insemination or in vitro fertilization in other ungulates, such as red deer [7-13]. 68
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Ejaculated spermatozoa have a lower cryosurvival and osmotic resistance than 69

epididymal ones [14]. Nevertheless, it has been showed that adding seminal plasma to 70

epididymal spermatozoa protects against the effects of cooling and freezing [15,16].71

However, seminal plasma could also have detrimental effects on cryosurvival [17].72

In vitro fertility of fresh semen obtained by artificial vagina and postmortem has 73

been studied in sheep [5]. However, so far any studies have been conducted in this 74

species for evaluating the effect of collection method (electroejaculation or postmortem 75

recovery) on post-thawing sperm quality and fertility.76

Considering this background, the objective of this study was to evaluate the 77

post-thawing sperm quality and in vitro fertility of sperm samples obtained both by 78

electroejaculation and by postmortem collection from Black Manchega rams, in order to 79

assess its suitability for germplasm banking, and the differences between both 80

methodologies. 81

82

2. Materials and Methods83

2.1. Animals and reagents84

All animal procedures were performed in accordance with the Spanish Animal 85

Protection Regulation, RD 1201/2005, which conforms to European Union Regulation 86

2003/65. Six rams of Black Manchega breed (age > 3 years) were used. Males were 87

maintained and managed at Regional Center of Animal Selection and Reproduction, 88

placed in Valdepeñas (Spain). These males had not been trained to artificial vagina. 89

Chemicals were of reagent grade and were purchased from Sigma (Madrid, 90

Spain). Fluorescence probes were purchased from Invitrogen (Barcelona, Spain), except 91

for propidium iodide (PI) and peanut agglutinin conjugated with fluoresceine 92
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isothyocianate (PNA-FITC), bought from Sigma. Chromatographically purified acridine 93

orange was purchased from Polysciences Inc. (Warrington, PA, USA).94

2.2. Semen collection95

Semen samples were collected by electroejaculation and from epidydimis postmortem96

from the same males. Previous to electroejaculation (15 minutes before), males received 97

an intramuscular injection of xylazine (0.2mg kg-1 body weight; Rompun 2%, Bayer 98

S.A. Barcelona, Spain). Rectum was cleaned from faeces and the prepucial area was 99

shaved and washed with physiological saline serum. Electroejaculation was carried out 100

using a three-electrode probe (250 mm x 25 mm) connected to a power source that 101

allowed voltage and amperage control (P. T. Electronics, Boring, OR). Semen was 102

collected into a graduated collection vial at 37 ºC.103

For the postmortem collection, the testicles of each male were obtained at 104

slaughterhouse and transported at room temperature, arriving at the laboratory between 105

0.5 and 1 hour afterwards. Testicles with epididymes attached were isolated from 106

scrotum. Epididymal spermatozoa were collected performing several incisions on each 107

cauda epididymis with a surgical blade, placing the sperm suspension in 1 mL PBS 108

(phosphate buffer saline, pH: 7.5, 310 mOsm/kg). 109

After sperm collection, sperm motility, percentage of spermatozoa with intact 110

acrosome assessed by phase-contrast microscopy (%, NAR) and percentage of live 111

spermatozoa assessed by nigrosin–eosin staining (%; Viability) were assessed as 112

described by Soler et al. [9]. Motility was also assessed by Computer Assisted Semen 113

Analysis (CASA) as described Martínez et al. [18]. A 5 !L drop was put on a slide at 37 114

ºC, covered with a 22 x 22 coverslip and examined (3 fields at least) with a phase 115

contrast microscope (Nikon 80i, negative contrast optics) with a warming state at 37 ºC. 116

Analysis were carried out using the Sperm Class Analyzer software (SCA2002, 117
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Microptic, Barcelona, Spain) and the following parameters were used for the study: 118

average path velocity (!m/s; VAP), linearity (%, LIN), amplitude of the lateral 119

movement of the head (!m; ALH) and beat cross frequency (Hz; BCF). 120

2.3. Cryopreservation121

After initial semen evaluation, sperm samples obtained by electroejaculation and 122

postmortem collection were diluted with freezing extender Biladyl® (Minitüb, 123

Germany) with 20% egg yolk. Semen was diluted to 400 x 106 spermatozoa/mL with 124

Biladyl®, Fraction A, at 30 ºC. Diluted semen was cooled to 5 ºC for 2 hours and then 125

was further diluted with the same volume of Bildadyl®, Fraction B. Sperm samples 126

were allowed to equilibrate at 5 ºC for 2 h and packed in 0.25 ml plastic straws. Finally, 127

they were frozen in a programmable biofreezer (IceCube 14S-Ver. 1.30 ©2004 SY-128

LAB Geräte GmbH Minitüb®) at 20 ºC/min to -100 ºC, and at 10 ºC/min from -100 ºC 129

to -140 ºC and then plunged into liquid nitrogen.130

2.4. Assessment of frozen-thawed spermatozoa131

Thawing was performed by dropping the straws (two per male and per collection 132

method) in a water bath at 37 ºC for 20 s. Thawed spermatozoa were layered on a 133

Percoll discontinuous density gradient (45%/90%) and centrifuged at 700 x g for 10 min 134

in order to eliminate the particles of egg yolk and enrich the sample in highly motile 135

spermatozoa. After centrifugation, the supernatant was carefully removed. Sperm 136

samples were evaluated for sperm motility, acrosomal status by phase-contrast (%; 137

NAR), viability by nigrosin-eosin (%; Viability) and motility by CASA in the same way 138

that in fresh sperm samples. After this evaluation, thawed samples were incubated at 37 139

ºC for 2 h, and then sperm motility, acrosomal status (%; NAR) and viability (%; 140

Viability) were assessed as previously described. 141
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In addition, two more straws were thawed for the assessment of the seminal 142

quality by flow cytometry. We assessed the membrane status with YO-PRO-1, the 143

mitochondrial membrane potential with Mitotracker Deep Red, the acrosome integrity 144

with peanut agglutinin conjugated with fluorescein isothiocyanate, (FITC-PNA), and 145

the viability (membrane integrity) with propidium ioide (PI).146

We prepared two staining solution using flow cytometer sheath fluid (BD 147

FACSFlowTM). One of them was prepared with 3 nM Hoechst 33342 (stock: 9 !M in 148

milli-Q water), 50 nM YO-PRO-1 (stock: 100 !M in DMSO), 15 !M PI (stock: 7.5 mM 149

in milli-Q water) and 100 nM of Mitotracker Deep Red (stock: 1 mM in DMSO). The 150

other solution was prepared with 3nM Hoechst 33342, 15 !M PI, and 10 !g/mL of 151

PNA-FITC (stock of 0.2 mg/mL in dH2O). We diluted the sample in 0.5 mL of each 152

staining solution in polypropylene tubes for flow cytometry (5 x 106 spermatozoa/mL). 153

The tubes were allowed to rest for 15 min in the dark and then analyzed using a Becton 154

Dickinson LSR-I flow cytometer (BD Biosciences, San José, CA, USA). We used the 155

three lasers of the cytometer to excite the different fluorochromes. A 325 nm Helium-156

Cadmium UV laser for exciting the Hoechst 33342, a 488 nm Argon-Ion laser for 157

exciting YO-PRO-1, PNA-FITC and PI, and a 633 nm Helium-Neon laser for exciting 158

Mitotracker Deep Red. We acquired the FSC (forward-scatter light) and SSC (side-159

scatter light) signals plus the fluorescence light of each fluorochrome using four 160

photodetectors. FL1 was used for YO-PRO-1 and PNA-FITC (530/28BP filter), FL3 for 161

propidium ioide (670LP filter), FL5 for Hoechst 33342 (424/44BP filter) and FL6 for 162

Mitotracker Deep Red (670/40BP filter). The acquisition was controlled using the Cell 163

Quest Pro 3.1 software (BD Biosciences). All the parameters were read using 164

logarithmic amplification. We set up an acquisition template in the software which 165

allowed us first to discriminate spermatozoa from debris within the events acquired. 166
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FSC/SSC and FL5/FL3 (Hoechst 33342 vs. PI) dot-plots were used to discard debris. 167

The filtered events were displayed in dot-plots showing either FL1/FL3 (YO-PRO-1 vs. 168

PI or PNA-FITC vs. PI) and FL6/FL3 (Mitotracker Deep Red vs. PI). We acquired 169

10000 spermatozoa from each sample, saving the data in FCS v. 2 files. The analysis of 170

the flow cytometry data was carried out using WinMDI v. 2.8 (The Scripps Research 171

Institute, La Jolla, CA, USA).172

YO-PRO-1-/PI- spermatozoa were considered as viable (non-“apoptotic”, intact 173

membrane), Mitotracker+/PI- spermatozoa as viable with high mitochondrial membrane 174

potential and PNA-/PI- spermatozoa as viable with intact acrosome. Also, we calculated 175

the ratios of YO-PRO-1-, Mitotracker+ and PNA- within live spermatozoa population 176

(PI-). 177

Chromatin stability was assessed by using the SCSA® (Sperm Chromatin 178

Structure Assay) technique (SCSA® Diagnostics, Inc., Brookings, SD, USA) [19]. This 179

technique is based in the susceptibility of the sperm DNA to acid-induced denaturation 180

in situ and in the metachromatic staining Acridine Orange (AO). This stain fluoresces 181

green when combined with double-stranded DNA, and red when combined with single-182

stranded DNA (denatured). Thawed spermatozoa were diluted with TNE buffer (0.15 M 183

NaCl, 0.01 M Tris HCl, 1 mM EDTA; pH=7.4) to 2 x 106 cells/mL. Samples were flash 184

frozen in LN2 and stored at -80 ºC until analysis. For the analysis, the samples were 185

thawed on crushed ice and 200 !l were put on a cytometry tube. Then, we added 400 !l 186

of an acid-detergent solution (0.08 M HCl, 0.15 M NaCl, 0.1% Triton X-100, pH=1.2). 187

Exactly 30 sec after adding the acid-detergent solution, we added 1.2 mL of staining 188

solution (6 !g/mL of acridine orange in a buffer containing 37 mM citric acid, 126 mM 189

Na2HPO4, 1.1 mM disodium EDTA and 150 mM NaCl; pH=6). After 3 min, the sample 190

was run through a Becton Dikinson LSR-1 flow cytometer. Acridine orange was excited191
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using an argon laser providing 488 nm light. The red fluorescence was detected using a 192

long pass (670LP) filter (FL-3) and the green one using a band pass (530/28BP) filter 193

(FL-1). Sample acquisition was carried out with a CellQuest v. 3 software. Flow 194

Cytometry data (FCS files) were processed and saved as tabbed text using WinMDI v. 195

2.8 (The Scripps Research Institute, La Jolla, California). We calculated the DNA 196

fragmentation Index (DFI) for each spermatozoon as the ratio of red fluorescence 197

respect to total fluorescence (red+green), expressed as a percentage. High values of 198

DFI, indicates chromatin abnormalities. We also calculated %DFI, as the percentage of 199

spermatozoa with DFI > 25, and High DNA Stainability (HDS) as the percentage of the 200

spermatozoa with green fluorescence higher than channel 600 (of 1024 channels).201

Thawed semen was incubated at 37 ºC for 2 h in the same freezing extender and 202

all sperm parameters previously cited, except chromatin stability, were assessed by flow 203

cytometry.204

2.5. Heterologous in vitro fertilization (IVF)205

We carried out a heterologous IVF test to assess the fertilizating potential of 206

electroejaculated and postmortem sperm samples, since this assay is highly related with 207

the in vivo fertility as described by García-Álvarez et al. [20]. We performed 208

heterologous IVF four times per male and method collection, and a minimum of twenty 209

oocytes per well was used. Ovaries were collected at slaughterhouse from heifers about 210

1 year old, and transported to our laboratory in saline solution (30 ºC) between 1-2 h 211

after removal. Immature oocytes were collected from the ovaries using 19-gauge needle, 212

in TCM-199 supplemented with HEPES (2.39 mg/mL), heparin (2 !L/mL) and 213

gentamycin (40 !g/mL). Aspirated cumulus oocyte complexes (COC) were washed in 214

TCM-199 gentamycin (40 !g/mL), selecting those with dark homogeneous cytoplasm 215

and surrounded by tightly packed cumulus cells. These COC were placed in four-well 216
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plates containing 500 !L of TCM-199 supplemented with cysteamine (100 !M) and 217

epidermal growth factor (EGF) (10 ng/ml) and matured at 38.5 ºC in 5% CO2. After 24 218

h, COC were washed in synthetic oviduct fluid (SOF) supplemented with essential and 219

non-essential amino acids [21], and cumulus cells were removed by gentle pipetting. 220

Oocytes (minimum 20 oocytes per well) were transferred to four-well plates with 400 221

!L of fertilization medium (SOF supplemented with 10% of estrous sheep serum and 40 222

!g/mL gentamycin) under mineral oil. 223

Thawed samples (electroejaculated and epididymary) were centrifuged through a 224

Percoll discontinuous density gradient (45%/90%) and were capacitated in the 225

fertilization medium for 10 min. Sperm was co-incubated with oocytes at a final 226

concentration of 106 spermatozoa/mL at 38.5 ºC in 5% CO2. 227

Oocytes were evaluated visually with an inverted microscope (Nikon Eclipse 228

TE2000-U) 40 h later for cleavage (two to eight cells). Then, the oocytes were fixed and 229

stained with Hoechst 33342 to confirm the fertilization by the presence of 2 or more 230

nuclei (%; cleavage).231

2.6. Statistical Analysis232

Statistical analyses were carried out using SPSS®, version 15.0 (SPSS Inc., Chicago, 233

IL, USA). A GLM-ANOVA tested the effect of collection method (electroejaculation 234

and postmortem recovery) on sperm quality for fresh, thawed and incubated sperm 235

samples, and on heterologous in vitro fertility for thawed sperm samples. Data were 236

split into two groups according to collection method (electroejaculation or postmortem237

recovery) and Pearson rank correlations were carried out to study the relationships 238

between % cleavage and sperm quality. Also, stepwise multiple regression analyses 239

were carried out in order to predict the % cleavage from quality analyses for fresh, 240

thawed and incubated samples. Significance was set at P < 0.05.241
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242

3. Results243

Sperm quality of fresh samples was not different between collection methods, except for 244

sperm viability, which was higher in postmortem samples (P < 0.001) (Table 1). 245

After thawing, sperm motility and velocity were higher in postmortem samples 246

(P = 0.043 and P = 0.001, respectively) (Table 1). There were significant differences 247

between electroejaculated and postmortem samples for most of the parameters 248

evaluated by flow cytometry, with lower values for electroejaculated spermatozoa (YO-249

PRO-1-/PI-;P < 0.001, PNA-/PI-; P < 0.001, Mitotracker+/PI-; P < 0.001) (Table 2). 250

However, considering the live spermatozoa population (PI-) the electroejaculated 251

samples yielded a higher ratio of YO-PRO-1-, (P = 0.007), PNA- (P = 0.003) and 252

Mitotracker+ (P = 0.026) spermatozoa (Table 3). Moreover, the cleavage rate after the 253

heterologous IVF was higher for electroejaculated spermatozoa (32.69% vs 21.84%, P = 254

0.041) (Fig. 1).255

After incubation, sperm motility and the percentage of spermatozoa with intact 256

acrosome (subjectively assessed) were higher for postmortem samples (34.16 ± 3.87% 257

vs. 10.00 ± 4.74%, P = 0.004, and 74.33 ± 6.35% vs. 19.25 ± 7.78%, P = 0.001, 258

respectively). We did not find significant differences between the collection methods 259

for sperm viability (EE: 33.83 ± 5.92% and PM: 24.00 ± 7.25%, P = 0.324). The 260

percentages of YO-PRO-1-/PI-, PNA-/PI- and Mitotracker+/PI- were higher in 261

postmortem samples (P = 0.001, P = 0.001 and P = 0.032 , respectively) (Table 2). 262

However, considering only the PI- (“live”) spermatozoa population the ratios of PNA-263

and Mitotracker+ were higher for electroejaculated samples (P = 0.005 and P < 0.001 , 264

respectively) (Table 3). 265
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We also studied the relationships between sperm quality parameters and 266

cleavage rate for samples obtained by electroejaculation and those obtained from the 267

epididymis postmortem. For fresh sperm samples, any parameter was correlated with 268

the % cleavage for both kinds of samples (electroejaculation and postmortem). 269

However, for thawed sperm samples recovered from the epididymis postmortem, there 270

was a correlation between LIN and cleavage rate (r = 0.85, P = 0.029). Incubated 271

samples displayed a relationship between the ratio of YO-PRO-1- within PI-272

spermatozoa subpopulation and the fertility in postmortem samples (r = 0.83, P = 273

0.039). 274

Stepwise multiple regression analyses were used to select a set of sperm quality 275

variables in fresh, thawed and incubated samples that best predicted fertility (cleavage 276

rate) in the samples collected by electroejaculation and postmortem. For fresh sperm 277

samples obtained either by electroejaculation or postmortem, any parameter was 278

predictive of the fertility. For thawed epididymal samples, LIN was the only predictor 279

of fertility (r2 = 0.73, P = 0.029) (Fig. 2A). After incubation, the ratio of YO-PRO-1-280

within PI- subpopulation in postmortem samples was the only predictor of fertility (r2 = 281

0.69, P = 0.039) (Fig. 2B). 282

283

4. Discussion284

In this study, we assessed the effect of collection method (electroejaculation and 285

postmortem), on sperm quality for fresh, thawed and incubated samples and on in vitro 286

fertility from black Manchego rams. Both collection methods provided good sperm 287

quality. Electroejaculation is an excellent choice for animals that have not been trained 288

to artificial vagina, whereas postmortem collection can be used as an emergency method 289

when valuable males die suddenly.290
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Our results showed that sperm quality for fresh samples was similar for 291

electroejaculated and epididymal spermatozoa, although the viability was higher for 292

epididymal spermatozoa (postmortem recovery). Other authors have studied the effect 293

of collection method in other species. Blash et al. [22] compared the quality of 294

epididymal spermatozoa and semen obtained by artificial vagina from goat bucks. 295

These authors showed that for fresh samples the viability was higher in epididymal 296

spermatozoa, results that agree with the finds out of this study. However, in other 297

species such as red deer, the viability was higher in electroejaculated samples that in 298

those obtained postmortem [18]. It is difficult to explain why these studies differed with 299

ours, since different methodologies (collection and analyses) were used in these studies. 300

Cryopreservation, as expected, substantially reduced sperm viability in both 301

kinds of samples (electroejaculated and postmortem), yielding better results for PM 302

samples. Recent studies showed that electroejaculated samples had lower resistance 303

than epididymal spermatozoa when submitted to cryobiologicaly stressful conditions 304

such as chilling, osmotic stress and addition and removal of cryoprotective agents [14]. 305

In our study, sperm quality of electroejaculated samples was worse than that of 306

epididymal samples, after thawing. Nevertheless, the ratios for YO-PRO-1-, PNA- and 307

Mitotracker+ spermatozoa, considering live spermatozoa subpopulation, were lower for 308

epididymal spermatozoa, suggesting a higher heterogeneity, which may have 309

contributed to their lower fertility results. 310

With respect to the IVF results, our outcomes do not agree with those obtained 311

by Kaabi et al. [5], who found that ram epididymal and ejaculated spermatozoa rendered 312

similar results in an IVF test. Our results may differ because Kaabi et al. [5] obtained 313

ejaculated spermatozoa using artificial vagina, not electroejaculation, and because of 314

rearing or breed differences. Furthermore, Blash et al. [22] did not find differences after 315
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an IVF assay using ejaculated and epididymal spermatozoa from goat. However, they 316

found a higher pregnancy rate for ejaculated samples. Other authors showed that 317

ejaculated bull spermatozoa had a higher binding ability to zona pellucida than those 318

obtained postmortem from the same animals [23]. 319

Spermatozoa complete their maturation during their transport along epididymis 320

[24]. Evenson and Wixon, [25] described that lack of appropriate sperm maturation 321

resulted in increased DNA stainability (HDS). Our results showed that there were not 322

differences in HDS between electroejaculated and epididymal spermatozoa. Likewise, 323

%DFI, indicative of DNA fragmentation, was not different for both collection methods 324

(electroejaculation and postmortem, recovery). García-Macías et al. [26] found in ram 325

that spermatozoa obtained of cauda epididymis had highly condensed chromatin, similar 326

to ejaculated samples obtained by artificial vagina. Our data confirm that 327

electroejaculated and postmortem samples have similar maturity indexes and that, 328

although epididymal spermatozoa are more resistant to cryopreservation, this procedure 329

affects similarly to both types of samples regarding to chromatin status.330

The differences in IVF could be explained considering that electroejaculated and 331

epididymal spermatozoa respond differently to the capacitation treatments of the IVF 332

protocol used in this study. A very important difference between both kinds of samples 333

is that ejaculated spermatozoa contact with the seminal plasma. Recent papers have 334

revealed important roles for a number of proteins found in seminal plasma, which act in 335

the regulation of in vitro capacitation [27]. Thus, Maxwell et al. [28], suggested that 336

components of seminal plasma were responsible for the improved pregnancy rate 337

following the resuspension of frozen-thawed ram spermatozoa in a medium containing 338

seminal plasma. However, in recent studies, the addition of seminal plasma to 339

ejaculated semen did not improve the pregnancy rate in cervicaly inseminated ewes 340
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[29], and the addition of seminal plasma to epididymal spermatozoa accelerated cell 341

death in other cases [30]. In the present study is impossible to know if the higher 342

fertility of ejaculated sperm samples was due to the action of seminal plasma or to the 343

intrinsic characteristics of ejaculated cells.344

We obtained correlations between several quality parameters and fertility only 345

for the samples obtained postmortem, possibly due to their higher heterogeneity. These 346

correlations were not found in fresh samples, but appear after thawing with LIN 347

(linearity) and after incubation with the ratio of YO-PRO-1- in the PI- subpopulation.348

Both LIN [31] and membrane integrity [32, 33] have been found to be good predictors 349

of fertilization and pregnancy rate. It is possible that epididymal sperm samples with a 350

lower ratio of YO-PRO-1-, therefore with a predominant subpopulation of “apoptotic” 351

spermatozoa (YO-PRO-1+/PI-) in the PI- subpopulation, were announcing a lower 352

fertilizing ability. 353

Our results allow us concluding that it is possible to obtain ram spermatozoa of 354

good quality and freezability both by electroejaculation and postmortem. Therefore, 355

these methods might be used to preserve semen of endangered breeds, either when 356

males have not been trained for artificial vagina (electroejaculation), in case of sudden 357

death, or as a last resource in the case that males must be removed from herds 358

(postmortem recovery). Nevertheless, in vitro fertility was higher for thawed 359

spermatozoa recovery by electroejaculation. Further studies are necessary in order to 360

explain this difference, and to improve IVF protocols for epididymal spermatozoa. 361
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Figure 1. Cleavage rate for thawed sperm samples obtained by electroejaculation and 484

postmortem (epididymis) from Black Manchego rams. Bars with different letters 485

indicate statistically significant differences (P = 0.041). 486

487
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Figure 2. Relationship between cleavage rate and different sperm parameters for 488

samples obtained postmortem (epididymis) from Black Manchego rams489

(A) Relationship between cleavage rate and linearity (LIN) in thawed sperm samples 490

(B) Relationship between cleavage rate and YO-PRO-1- within PI- spermatozoa 491

subpopulation in incubated sperm samples 492

493
494
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Table 1. Effect of collection method (electroejaculation and postmortem recovery) on sperm quality in fresh and thawed samples from six Black 495
Manchego rams.496

Sperm 

samples

Collection 

method

Sperm parameter

SM (%) NAR (%) Viability (%) VAP (!m/s) LIN (%) ALH (!m) BCF (Hz)

Fresh Electroejaculation 74.17±3.96 94.33±0.66 82.00±1.69 194.58±13.99 66.86±4.65 5.93±0.80 10.0±0.59

Postmortem

P

76.67±2.10

0.590

93.50±1.05

0.520

94.67±0.61

<0.001

175.47±6.62

0.245

60.95±3.11

0.316

8.32±1.09

0.108

8.38±0.46

0.058

Thawed Electroejaculation 36.67±7.60 63.00±15.35 45.00±7.13 76.29±4.80 61.24±5.53 4.37±0.50 7.67±0.47

Postmortem 57.50±4.78 93.17±1.01 60.50±7.09 117.26±8.14 62.64±2.57 5.48±0.51 6.78±0.28

P 0.043 0.078 0.154 0.001 0.823 0.156 0.138

Data are means ± SEM. SM: sperm motility; NAR: spermatozoa with intact acrosome; VAP: average path velocity; LIN: linearity; ALH: 497
amplitude of the lateral movement of the head; BCF: beat cross frecuency498

499
500
501
502
503
504
505
506
507
508
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509
Table 2. Effect of collection method (electroejaculation and postmortem recovery) on parameters evaluated by flow cytometry in 510
thawed and incubated sperm samples from six Black Manchego rams.511

Sperm 

samples

Collection 

method

Sperm parameter

YO-PRO-1-/PI- (%) PNA-/PI- (%) Mitotracker+/PI- (%) % DFI HDS

Thawed Electroejaculation 24.91±6.08 23.92±5.39 24.49±6.11 21.42±3.29 0.26±0.02

Postmortem 65.98±1.53 65.28±1.90 62.71±1.90 15.86±1.83 0.28±0.06

P <0.001 <0.001 <0.001 0.171 0.729

Incubated Electroejaculation 11.11±3.10 11.72±3.19 18.82±3.34 - -

Postmortem 28.55±1.68 29.35±1.96 29.65±2.79 - -

P 0.001 0.001 0.032 - -

Data are means ± SEM. YO-PRO-1-/PI-: live spermatozoa with intac membrane; PNA-/PI-: live spermatozoa with intact 512
acrosome; Mitotracker+/PI-: live spermatozoa with high mitochondrial membrane potential; % DFI: percentage of spermatozoa 513
with DFI (DNA fragmentation index) higher than 25%; HDS: spermatozoa with high DNA stainability (green fluorescence higher 514
than channel 600)515
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Table 3. Ratios of YO-PRO-1-, PNA- and Mitotracker+ (considering PI- subpopulation) in thawed and incubated 516
sperm samples recovery by electroejaculation and from epididymis postmortem from six Black Manchego rams.517

Sperm 

samples

Collection 

method

Sperm parameter

YO-PRO-1- (%) PNA- (%) Mitotracker+ (%)

Thawed Electroejaculation 93.45±0.57 97.92±0.52 92.32±1.69

Postmortem 90.58±0.62 93.95±0.88 86.59±1.40

P 0.007 0.003 0.026

Incubated Electroejaculation 54.97±5.32 89.29±2.32 77.62±1.27

Postmortem 48.22±2.83 79.33±1.52 49.20±3.94

P 0.290 0.005 <0.001

Data are means ± SEM. All data considering only the PI- spermatozoa subpopulation: YO-PRO-1-: spermatozoa 518
with intact membrane; PNA-: spermatozoa with intact acrosome; Mitotracker+: spermatozoa with high 519
mitochondrial membrane potential. 520

521
522
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Figure 1. García-Álvarez et al. 523

524
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Figure 2. García-Álvarez et al.525
526

(A)527

528
(B)529

530

IVF=-31.354 + 0.849 x LIN
R2 = 0.734

IVF=-14.33 + 0.75 x YO-PRO-1-
R2 = 0.695


