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Abstract 29 

Background: Signaling between seminal fluid and the female reproductive tract is required for 30 

a successful pregnancy to occur. Insemination with spermatozoa, seminal plasma and extender, 31 

is known to cause a rapid inflammatory response in the pig endometrium, which is characterized 32 

by an influx of neutrophils into the uterus. The temporary inflammatory response to semen 33 

involves induction of cytokines. In this study, potential functions for Interleukin-23 (IL-23) in 34 

the inflammatory response to different insemination treatments were examined by studying 35 

mRNA expression and immunostaining in samples of gilt oviduct (isthmus and infundibulum) 36 

and endometrium collected 35-40 h after insemination. Insemination was performed with either 37 

seminal plasma (SP, n = 4), spermatozoa in the extender Beltsville thawing solution (BTS) 38 

(SPZ, n = 4), or BTS alone (n = 4). In control gilts (n = 4) an insemination catheter was inserted 39 

without anything being inseminated. Any relation between expression of IL-23 and the presence 40 

of polymorphonuclear neutrophilic granulocytes (PMNs) in the endometrium was examined. 41 

Results: Results showed that IL-23 mRNA was expressed in the oviduct and in the 42 

endometrium. There was a significantly lower IL-23 mRNA expression in samples from gilts 43 

in the SPZ, SP and BTS treatment groups, compared with the controls. The control group also 44 

displayed significantly more neutrophils in samples collected 35-40 h after insemination 45 

compared with samples from the SP group. IL-23 immunolabelling was detected in a small 46 

number of separate cells as well as in the sub-epithelial connective tissue of the endometrium, 47 

the endosalpinx of the isthmus and infundibulum.  48 

Conclusions: All fluids used for insemination decreased the expression of IL-23 mRNA in the 49 

endometrium compared to catheter-insertion alone, indicating a possible role for IL-23 in the 50 

inflammatory response after insemination in gilts. 51 

 52 

Key words: IL-23, mRNA expression, Gilt, Endometrium, Oviduct, Insemination, PMN 53 
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Background 54 

For a successful pregnancy to occur, signaling between seminal fluid and the female 55 

reproductive tract is required [18]. Insemination, i.e. spermatozoa, seminal plasma (SP) and 56 

extender inserted into the uterus via a catheter, causes a rapid inflammatory response in the pig 57 

endometrium, which is characterized by an influx of neutrophils into the uterine lumen 58 

[1,10,19]. Neutrophils are present in the surface epithelium and sub-epithelial layer of the 59 

endometrium until approximately 40 h after insemination [10]. The significant increase in 60 

neutrophil number in the pig uterus after insemination has been suggested to be due to 61 

chemotactic signals elicited by the insemination procedure [12,19]. Notably, the influx of 62 

neutrophils into the uterine lumen was more pronounced when the insemination was performed 63 

with semen than with extender alone [19]. In pig oviduct, neutrophils are absent in the isthmic 64 

part of the oviduct but present in the connective tissue of the infundibulum about 40 h after 65 

insemination with fresh semen in the extender BTS (Beltsville Thawing Solution) [6]. 66 

 67 

The transient inflammatory response to semen in the pig reproductive tract involves induction 68 

of cytokines and chemokines [18]. Our previous immunohistochemical studies demonstrated 69 

presence of IL-6, IL-10 and TGF-β1 in gilt oviduct (isthmus and infundibulum) [7] and in the 70 

endometrium [8] at 5-6 h and 35-40 h after insemination with different components (SP, 71 

spermatozoa in BTS or BTS). Staining was primarily seen in the epithelium of both the oviduct 72 

[7] and the endometrium [8]. Comparison of mRNA expression for IL-1β, IL-6, IL-10, TGF-73 

β1 and GM-CSF after insemination with SP, spermatozoa in BTS or BTS revealed no difference 74 

in the endometrium shortly (5-6 h) after insemination [8]. However, at 35-40 h after 75 

insemination, TGF-β1 mRNA expression was lower in samples obtained from gilts inseminated 76 

with BTS or with spermatozoa in BTS compared with catheter-insertion controls. No difference 77 

between treatment groups was observed regarding the GM-CSF mRNA expression [8], which 78 
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was in agreement with results from Taylor et al [20] but in contrast to results obtained by 79 

O'Leary et al [15], who found SP to induce GM-CSF mRNA expression 34 h after insemination. 80 

Hence, studies of the expression of pro-inflammatory and suppressive cytokines in the porcine 81 

reproductive tract indicate complex patterns in the response to insemination that seems to be 82 

influenced by the components included, i.e., SP, spermatozoa and/or extender. Therefore, 83 

archived samples from our previous studies on this subject [7,8] were further analyzed for the 84 

expression IL-23. This cytokine promotes differentiation and proliferation of Th17 cells 85 

[13,16]. Th17 cells are implicated in inflammation by stimulating a variety of cells to produce 86 

cytokines but also by promoting chemokine production, with subsequent recruitment of 87 

neutrophils [13]. It has also been shown in human that IL-23 regulates the function of decidual 88 

immune cells [2]. Weak IL-23 p19 immunolabelling has been detected in human endometrium 89 

[21] and IL-23 expression has been shown to increase in decidual tissue from patients with 90 

unexplained recurrent spontaneous abortion compared to controls [3].  91 

 92 

The aim of the present study was to investigate the potential role for IL-23 in the inflammatory 93 

response to insemination by studying mRNA expression and immunostaining in gilt oviduct 94 

and endometrium 35-40 h after insemination with either SP or spermatozoa in the extender 95 

BTS, or BTS alone, and compare to that induced by insertion of catheter only in control gilts. 96 

 97 

Results 98 

IL-23 expression 99 

Quantitative real-time PCR experiments showed IL-23 mRNA to be expressed in gilt oviduct 100 

(isthmus and infundibulum) and endometrium 35-40 h after insemination regardless of 101 

treatment (Fig. 1). The results indicated a difference in expression between individual animals, 102 
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which was independent of treatment and tissue. One of the gilts in the sperm treatment group 103 

displayed an elevated 1/ratio in all tissues examined compared with the other group members. 104 

 105 

Fig. 1 IL-23 mRNA expression in gilt oviduct and uterus after insemination. IL-23 mRNA 106 

expression (mean 1/ratio ± sem) in gilt oviduct (isthmus and infundibulum) and uterus at 35-40 h after 107 

insemination with spermatozoa in BTS (SPZ), seminal plasma (SP), BTS and catheter-insertion only 108 

(Cat; n = 4 per treatment group). Bars or treatment groups marked by different letters show significant 109 

difference (p ≤ 0.05). BTS; Beltsville thawing solution.      110 

 111 

Statistical analysis of fixed effects showed significant differences (p < 0.01) in IL-23 mRNA 112 

expression due to treatment. Furthermore there was a tendency (p = 0.1149) for the tissue type 113 

to influence the variation in IL-23 mRNA levels. When all tissues within a treatment group 114 

were analyzed together, the SPZ in BTS, SP and BTS treatment groups differed significantly 115 

(p < 0.05) from the catheter group but not from each other (NS), regarding IL-23 mRNA 116 

expression. The significant interaction (p ≤ 0.05) between tissue and treatment is shown in Fig. 117 

1. Endometrium from the catheter-insertion control gilts exhibited the highest IL-23 mRNA 118 

expression of all tissues examined. Seemingly, the effect of treatment was more pronounced in 119 

the endometrium than in the isthmus and infundibulum of the oviduct.  120 

 121 

Immunohistochemical labelling indicated the presence of IL-23 in the endometrium as well as 122 

in the endosalpinx of the isthmus and infundibulum. The staining was mainly found in the 123 

cytoplasm of the sub-epithelial connective tissue cells of the endometrium (Fig. 2A, B) and the 124 

same localization of staining was observed in the oviduct (isthmus and infundibulum; results 125 

not shown). No obvious epithelial (surface or glandular) staining was observed in any of the 126 

tissues examined (endometrium; Fig. 2). Sections incubated with control IgG (endometrium; 127 
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Fig. 2C) or with secondary antibodies only did not give any staining, regardless of tissue or 128 

treatment. 129 

 130 

Fig. 2 IL-23 immunolabelling in gilt endometrium at 35-40 h after insemination. IL-23 131 

immunolabelling in gilt endometrium after insemination with seminal plasma (A) or BTS (Beltsville 132 

thawing solution; B). Longitudinal sections of surface epithelium and sub-epithelial connective tissue 133 

of gilt endometrium (A-C). (C) Negative control (rabbit IgG) shows no obvious staining of the 134 

endometrium 35-40 h after insemination with BTS. Representative pictures from each group are 135 

presented. Bars = 50 µm.     136 

 137 

In addition, distinct IL-23 immunolabelled cells were found in both oviduct (results not shown) 138 

and endometrium (Fig. 3). Although the cells displaying IL-23 immunostaining were not 139 

numerous, they were present in all treatment groups. No observable staining of individual cells 140 

was found with the control rabbit IgG in the oviduct or in the endometrium in any of the 141 

treatment groups. IL-23 immunolabelling intensity scores differed between individual gilts, 142 

however no significant differences were found between treatments or tissues (Fig. 4). 143 

 144 

Fig. 3 IL-23 immunolabelling of cells in gilt endometrium after insemination. Separate IL-23 145 

immunolabelled cells (arrows) in the sub-epithelial connective tissue of gilt endometrium. Longitudinal 146 

section of the gilt endometrium at 35-40 h after catheter-insertion only. Picture is representative for all 147 

treatment groups. Bar = 10 µm. 148 

 149 

Fig. 4 Intensity of IL-23 immunolabelling in gilt oviduct and uterus after insemination. IL-23 150 

immunolabelling intensity scores (mean ± sem) in gilt oviduct (isthmus and infundibulum) and uterus 151 

at 35-40 h after insemination with spermatozoa in BTS (SPZ), seminal plasma (SP), BTS and catheter-152 

insertion only (Cat; n = 4 per treatment group). BTS; Beltsville thawing solution. 153 

 154 
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Endometrial PMNs 155 

Results from the quantification of PMNs in the endometrium have previously been reported by 156 

Jiwakanon et al. [8] and are shown here in Fig. 5. Generally there was a lower number of PMNs 157 

present per unit area in the surface epithelium than in the sub-epithelial connective tissue. The 158 

PMN number in the sub-epithelial connective tissue was significantly different between the SP 159 

and the catheter-insertion group at 35-40 h after insemination (p < 0.05; Fig. 5). 160 

 161 

Fig. 5 Neutrophil distribution in porcine endometrium after insemination. Neutrophil distribution 162 

(mean ± SD) in the surface epithelium and sub-epithelial connective tissue (Sub-CNT) of the porcine 163 

endometrium at 35-40 h after insemination with seminal plasma (SP), spermatozoa in BTS, BTS or 164 

catheter only. Different letters on bars display significant difference (p ≤ 0.05). BTS, Beltsville thawing 165 

solution; OML, one ocular micrometer length; OMA, one ocular micrometer area.    166 

 167 

Discussion 168 

IL-23 has earlier been studied in human endometrium but to our knowledge, not in pig 169 

reproductive organs. The present study showed IL-23 mRNA to be expressed in the oviduct 170 

and endometrium in gilts 35-40 h after insemination and in all treatment groups. The time point 171 

chosen for sampling, 35-40 h after insemination, is estimated to 20-25 h after ovulation, based 172 

on our earlier studies using the same time of insemination with subsequent ultrasound 173 

monitoring to check for ovulation [10]. Furthermore, our earlier studies [7,8] revealed more 174 

clear treatment-dependent changes in cytokine mRNA expression at 35-40 h than shortly (5-6 175 

h) after insemination. In addition, in gilts/sows inseminated with fresh semen, fertilized oocytes 176 

are then to be found in the oviduct [9]. In the uterus, the acute inflammatory reaction in the 177 

endometrium should decline to prepare for the entrance of early embryos [10]. Previous studies 178 

in gilts [7,8] showed pro-inflammatory cytokine mRNAs to be differentially expressed at 35-179 

40 h compared to shortly (5-6 h) after insemination. In the present study, the IL-23 p19 mRNA 180 
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expression varied between gilts, regardless of treatment or tissue. The previous studies of 181 

mRNA expression for IL-10, IL-6 and TGF-β in the same animals, also showed a high variation 182 

in the endometrium [8] but not in the oviduct [7]. Whereas the myometrium is absent in the 183 

endometrial samples, it was present in the oviductal samples, resulting in a greater mixture of 184 

cells in the latter. This may explain the result that there was only a tendency for the tissue type 185 

to influence the IL-23 mRNA level.  186 

 187 

There was a significantly lower expression of IL-23 mRNA in the SPZ, SP and BTS treatment 188 

groups, compared with the catheter-insertion group, but no significant differences in expression 189 

between any of the three insemination groups. The endometrium from catheter-insertion gilts 190 

exhibited the highest IL-23 mRNA expression of all tissues examined. Seemingly, the effect of 191 

treatment was more pronounced in the endometrium than in the isthmus or infundibulum of the 192 

oviduct. Since the highest expression was seen in the catheter-insertion group, a suggestion is 193 

that components in the SPZ, SP and BTS treatments may exert some kind of suppression on IL-194 

23 mRNA expression. To determine specific suppressive effects of each treatment (SPZ, SP, 195 

BTS), additional animals inseminated with an equal volume of 0.9% NaCl would be of interest. 196 

Catheter-insertion may not be the optimal base-line control for estimations of up-regulations 197 

versus down-regulations of mRNA expression levels.  198 

 199 

IL-23 promotes differentiation and proliferation of Th17 cells [13,16] that are involved in 200 

inflammation by stimulating cytokine and chemokine production by a variety of cells, with 201 

subsequent recruitment of neutrophils [2,11,16]. It has been suggested that increased levels of 202 

IL-23/IL-17 may be crucial for the diapedesis of neutrophils into tissues in pigs [11]. A role for 203 

IL-23 in recruitment of neutrophils would be a possibility in gilt endometrium as seen after 204 

catheter insertion. As shown in gilts of the present study [8; Fig. 5, present paper] and in another 205 
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study [9], neutrophils migrate into the uterus in gilts inseminated with spermatozoa, whereas 206 

seminal plasma suppresses neutrophilic invasion and inflammation in the uterus. The higher 207 

IL-23 mRNA expression in endometrium of control group coincides in time (35-40 h) after 208 

treatment with a significantly higher presence of neutrophils compared with the SP group (in 209 

the sub-epithelial connective tissue), indicating SP to suppress not only the neutrophil cell 210 

influx but also to affect the expression of IL-23 mRNA. No significant differences in IL-23 211 

mRNA expression were obtained between the different parts of the oviduct, which might have 212 

been expected, since no neutrophil are found in isthmus after insemination [6]. However, more 213 

studies are needed to draw any conclusions about possible connections between IL-23 214 

expression and neutrophil presence in reproductive tissue. 215 

 216 

Weak IL-23 p19 immunostaining has earlier been shown in the cytoplasm of the sub-epithelial 217 

connective tissue cells of the human endometrium [21]. In the present study, both weak 218 

cytoplasm staining and low numbers of distinct IL-23 immunolabelled cells were found in both 219 

oviduct (endosalpinx of isthmus and infundibulum) and endometrium. These distinct stained 220 

immune cells were, however, too few for any conclusion to be drawn regarding impact of 221 

treatment on immunolabelled cell numbers. Although the cells displaying distinct IL-23 222 

immunolabelling were not numerous, they were present in all treatment groups. No obvious 223 

staining of IL-23 was observed in the surface or glandular epithelium in any of the tissues 224 

examined. This pattern of IL-23 immunostaining differs from previous immunohistochemical 225 

labellings on formalin fixed paraffin embedded tissue, detecting IL-6, IL-10 and TGF-β1 226 

primarily in the surface and glandular epithelia in the endometrium of gilts after insemination 227 

[8]. This suggests other immune functions for IL-23 in reproductive tissue. 228 

 229 
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The effect of insemination on the expression of IL-23 at a certain stage after insemination was 230 

investigated in the present study. However, it would also be of interest to study the expression 231 

of IL-23 during different stages of the oestrous cycle since, in pigs, a physiologic neutrophil 232 

infiltration in the sub-epithelial layer takes place in non-inseminated sows during pro-oestrus 233 

and oestrus [5]. 234 

   235 

Conclusions  236 

The present study shows IL-23 mRNA to be expressed in the oviduct and endometrium in gilts 237 

35-40 h after insemination. IL-23 immunolabelling was shown to be present in the subepithelial 238 

connective tissue of the endometrium and oviduct and in a low number of immune cells. 239 

Altogether, the results demonstrate a possible role for IL-23 in the immune response of 240 

reproductive tissue. 241 

 242 

Methods 243 

Experimental design 244 

Animals and general management have been described earlier in a study on cytokine expression 245 

in the gilt oviduct [7]. Crossbred Landrace/Yorkshire gilts, about 8-9 months old, were brought 246 

from the University experimental herd (University of Agricultural Sciences) and sacrificed by 247 

slaughter (stunned and deblooded). In brief, the gilts were inseminated with 100 mL of seminal 248 

plasma (SP, n = 4), spermatozoa in extender (Beltsville thawing solution, BTS [17], SPZ, n = 249 

4) or extender (BTS) alone (n = 4). In four control gilts the disposable insemination catheter 250 

(Goldenpig™, IMV, L’Aigle, France) was inserted without any fluid being inseminated 251 

(control, n = 4). The gilts were slaughtered 35-40 h after insemination when tissue samples 252 

were collected, frozen in liquid nitrogen and stored at -80°C Uterine samples were collected 253 

from the mesometrial side, 20-30 cm from the tip of the uterine horn. Oviductal samples were 254 
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collected from the isthmus as well as from the infundibulum. The experimental study was 255 

approved by the Ethical Committee for Experimentation with Animals, Uppsala, Sweden 256 

(SLU.kv.Fe.2006.5.4.-15). 257 

 258 

Semen preparation and insemination  259 

The semen collection and preparation is detailed in [7]. In brief, semen was collected from four 260 

boars with proven fertility, then pooled and centrifuged. The SP was thereafter separated from 261 

the sperm layer, centrifuged twice to remove any remaining spermatozoa and stored at -20C 262 

until insemination. 263 

  264 

Spermatozoa were isolated from semen using the single layer centrifugation technique (SLC, 265 

[14]). Briefly, a layer of semen extended with BTS was carefully layered on top of a colloid 266 

solution (Androcoll™-P; SLU) and centrifuged. The sperm pellet generated was transferred to 267 

a new tube containing BTS and washed by centrifugation. BTS was added to generate a dose 268 

of 100 mL containing 5 × 109 spermatozoa for insemination. 269 

 270 

Gilts were inseminated once in their second or third oestrus at 15-20 h after the first signs of 271 

standing reflex (about 15-20 h before expected ovulation).  272 

 273 

Quantification of endometrial PMNs 274 

Quantification of PMNs in the endometrium was performed previously [8]. In brief, paraffin-275 

embedded uterine samples were sectioned and stained with hematoxylin-eosin. Blind 276 

evaluation of slides was performed using a light microscope with a ×40 objective. PMNs were 277 

counted in the surface epithelium and in the sub-epithelial connective tissue using an ocular 278 

micrometer, where the ocular field length and area obtained corresponded to 0.25 mm and 6.25 279 
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× 10-2 mm2 of tissue, respectively. Ten random areas were chosen for evaluation in two different 280 

sections from each animal. Results are presented as the number of PMNs per ocular micrometer 281 

length (number of cells/OML) in the surface epithelium as well as per ocular micrometer area 282 

(number of cells/OMA) in the sub-epithelial connective tissue [8].          283 

 284 

RNA extraction 285 

Frozen oviductal tissues (isthmus and infundibulum) were cut in cross sections, resulting in a 286 

longitudinal length of 2-3 mm per piece. Endometrial samples were obtained by separating the 287 

endometrium from the myometrium, and cutting it into pieces of about 15-20 mm3. Tissues 288 

were homogenized using a micropestle; total RNA was extracted using 1 mL of TRIzol® reagent 289 

(Invitrogen Ltd., Paisley, UK) and purified using the RNeasy Mini kit (Qiagen, Crawley, UK) 290 

according to the manufacturer’s instructions. RNA pellets were rehydrated in nuclease-free 291 

water (Qiagen, Crawley, UK). Total RNA content and purity was determined by 260/280 nm 292 

ratio using the NanoDrop® ND-1000 (Saveen &Werner AB, Limhamn, Sweden). All samples 293 

used had ratios higher than 1.9. In addition, nine random samples from each experiment were 294 

checked for total RNA integrity using microcapillary electrophoresis (Agilent 2100 295 

Bioanalyzer; Agilent Technologies, Waldbronn, Germany), as described for quality assurance 296 

of the extracted RNA [4].  297 

 298 

Quantitative Real-Time PCR 299 

Complementary DNA (cDNA) fragments were obtained using the iScriptTM cDNA Synthesis 300 

Kit (Bio-Rad Laboratories, Hercules, CA) according to the manufacturer’s instructions, where 301 

1 µg of total RNA was used for reverse transcription with both oligo(dT) and random hexamers 302 

as primers. Real-time PCR was performed using the Rotor-Gene 3000 (Corbett Life Science, 303 

Sydney, Australia) with the iQ SYBR Green Supermix (Bio-Rad Laboratories, Hercules, CA) 304 
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according to the manufacturer’s instructions. IL-23 primers (forward: 5’-TGT GGA TCT ACC 305 

AAG AGA AGA GG and reverse: 5’-AGG ACT GAC TGT TGT CCC TGA), were designed 306 

to amplify a 110 bp cDNA fragment corresponding to nucleotides 168-277 of the pig IL-23 307 

alpha subunit p19 mRNA sequence [GenBank Accession number NM_001130236]. 308 

Hypoxanthine phosphoribosyl-transferase (HPRT) primers (forward: 5’-GTG ATA GAT CCA 309 

TTC CTA TGA CTG TAG A and reverse: 5’-TGA GAG ATC ATC TCC ACC AAT  TAC TT 310 

[GenBank Accession number U69731]; [22]) and cyclophilin A primers (forward: 5’-TGC TTT 311 

CAC AGA ATA ATT CCA GGA TTT A and reverse: 5’-GAC TTG CCA CCA GTG CCA 312 

TTA [GenBank Accession number AY266299]) were used to amplify cDNA fragments of 104 313 

and 77 bp respectively. The reaction volume was set to 25 µL and the concentration of each 314 

primer was 0.2 µM. 1 µL cDNA was added to each reaction. Duplicate samples were submitted 315 

to amplification as follows: 95 °C for 2 min and 40 cycles of 95 °C for 15 s and 60 °C for 1 316 

min. Nonspecific amplification was eliminated by generating dissociation curves. 317 

Amplification products were randomly analyzed by agarose gel electrophoresis. Reactions 318 

without template added were used as negative controls. Efficiency (E) was calculated for each 319 

amplicon in a randomly chosen sample (infundibulum; SP treatment) giving efficiencies of 320 

111% (IL-23), 96% (HPRT) and 95% (cyclophilin A).                321 

 322 

For optimal comparison between runs the threshold was adjusted to obtain the same Ct value 323 

for an inter-assay reference sample included in each run. IL-23 mRNA expression was 324 

normalized to HPRT and cyclophilin A mRNA expression by calculating the copy number for 325 

IL-23 in relation to the geometric mean value for the copy numbers for HPRT and cyclophilin 326 

A according to: 2Ct for IL-23 / geometric mean of 2Ct for HPRT and 2Ct for cyclophilin A 327 

 328 
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The normalized expression was used for statistical comparison between treatment groups. The 329 

results are presented as the inverted ratio (1/ratio) of the normalized expression [7]. 330 

 331 

Immunohistochemistry 332 

Immunohistochemical analysis was performed on both oviductal (isthmus and infundibulum) 333 

and uterine samples. Transverse (oviduct) or longitudinal (uterus) sections of about 7 µm were 334 

cut on a cryostat and placed on SuperFrost®Plus microscope slides (Menzel GmbH & Co KG., 335 

Braunschweig, Germany). Sections were air-dried for about 30 min and rehydrated in 336 

phosphate-buffered saline (PBS) for 5 min. Sections were blocked in 5% goat serum for 30 min 337 

and incubated overnight at 4°C with a rabbit anti-human IL-23 antibody (H-113; Santa Cruz 338 

Biotechnology Inc., Santa Cruz, CA) diluted to 0.2 µg/ml. The amino acid sequence showed 339 

91.2% identity with the corresponding porcine protein sequence; sc-50303. Negative controls 340 

included sections incubated in the absence of the primary antibody and sections incubated with 341 

a control rabbit IgG (ChromPure Rabbit IgG [011-000-003], Jackson ImmunoResearch 342 

Laboratories Inc., West Grove, PA) diluted to a concentration exceeding that of the primary IL-343 

23 antibody. After washing in PBS, IL-23-like immunolabelling was detected using the 344 

Vectastain® Elite ABC kit for Mouse IgG (PK-6102; Vector Laboratories Inc., Burlingame, 345 

CA). A biotinylated goat anti-rabbit IgG (BA-1000; Vector Laboratories Inc., Burlingame, CA) 346 

diluted 1/1000 was used instead of the biotinylated anti-mouse IgG as a negative control. 347 

Endogenous peroxidase activity was blocked by 0.3% hydrogen peroxidase in methanol. For 348 

visualization, 3, 3’-diaminobenzidine tablets (D-5905; Sigma-Aldrich Inc., Saint Louis, MO) 349 

was used and sections were counterstained with Mayer’s Hematoxylin. Slides were mounted in 350 

Kaiser’s glycerol gelatine (109242; Merck KGaA, Darmstadt, Germany). 351 

 352 
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For semi-quantification of IL-23 immunolabelling, photographs were taken in a Nikon-FXA 353 

photomicroscope (Nikon Corporation, Tokyo, Japan) using the ×20 objective with identical 354 

exposure settings for all photomicrographs taken. Photomicrographs were coded and examined 355 

by a group of three persons. The intensity of the immunolabelling of endometrium and 356 

endosalpinx was estimated according to a scoring system from 0-4, where 0 corresponds to the 357 

intensity of the negative controls and 4 to very high intensity. 358 

 359 

Statistical analyses 360 

Quantitative real-time PCR results are presented as mean values ± standard error of the mean 361 

(sem). Normalized mRNA expression data and IL-23-like immunolabelling intensity scores 362 

were statistically analyzed using the SAS statistical package (version 9.1.3, SAS Institute, Inc., 363 

2002-2003, Cary, NC). A natural log transformation was applied to the normalized copy 364 

number to achieve the assumption required for analysis of variance. Differences in mean ratios 365 

were tested using analysis of variance (The Mixed Procedure). The statistical model included 366 

the fixed effect of treatment (SP, spermatozoa, extender and catheter only) and tissue (isthmus, 367 

infundibulum and uterus). It also included analysis of the interaction between each group and 368 

tissue as well as the random effect of gilts nested within groups. The Bonferroni t-test was used 369 

to compare least-square mean values between experimental groups when an overall significance 370 

for the effect was found. A value of p ≤ 0.05 was considered as statistically significant.  371 

 372 

For statistical analysis of IL-23-like immunolabelling scores the NPAR1WAY procedure was 373 

used for standard analysis of variance. The Kruskal-Wallis test was used for one-way analysis 374 

of variance whereas differences in mean scores were analyzed using the Wilcoxon rank sum 375 

test for non-parametric data. A value of p ≤ 0.05 was considered as statistically significant.  376 

 377 
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Polymorphonuclear neutrophilic granulocyte; sem: Standard error of the mean; SP: Seminal 383 
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