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Abstract  26 

 27 

Gonadotropin-releasing hormone (GnRH) vaccine (Improvac
®

) is effective at diminishing 28 

boar taint by interfering with testis function. Early pre-pubertal vaccination at 10 and 14 29 

weeks-of-age could be desirable if sufficient and sustained effect could be achieved. 30 

Crossbred male pigs (n= 24) were randomly assigned to three groups each with 8 individuals: 31 

an unvaccinated control group, one group vaccinated with Improvac
®
 early at ages 10 and 14 32 

weeks, and a third group vaccinated with Improvac at the standard ages of 16 and 20 weeks. 33 

The average age at slaughter was 25 weeks.  At slaughter, reductions in testes weight and 34 

bulbourethral gland length of vaccinated pigs compared with controls were observed 35 

(P<0.001), accompanied by lowerered testosterone concentrations in peripheral blood 36 

(P<0.001). The diameter of tubuli seminiferi was affected; being 18% smaller in standard and 37 

38% smaller in early vaccinated males, compared with controls (P<0.01). Leydig cells in 38 

vaccinated pigs became pycnotic, and their number decreased in early vaccinated pigs. 39 

Spermatogenesis was disrupted, evidenced by spermatocyte loss among standard vaccinated 40 

pigs to severe spermatogenic arrest among early vaccinated pigs. This histological picture was 41 

reflected in the absence of epididymal spermatozoa in 5 of 8 early vaccinated pigs and a 42 

dramatic reduction in the remaining 3 early vaccinated pigs. Among standard vaccinated pigs, 43 

5% of the spermatozoa were morphologically normal (>70% in controls, P<0.01). Early 44 

vaccination caused a more severe disruption of testicular structure and function than standard 45 

vaccination, thus providing an alternative for immunocastration of male pigs. 46 

47 
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1. Introduction 48 

 49 

Incidence of boar taint, an off-odour in meat from some male pigs, is indirectly related to 50 

testicular hormones and sexual maturity (Zamaratskaia and Squires, 2009). Therefore, 51 

surgical castration has for a long time been the standard method used to prevent taint in meat 52 

from male pigs, despite being a subject of controversy. Dunshea et al. (2001) showed that 53 

vaccination against gonadotropin-releasing hormone (GnRH) using Improvac
®
 on male pigs 54 

raised for slaughter was successful in eliminating boar taint. The mode of action of the 55 

vaccine is to provoke an immune response to endogenous GnRH by two subcutaneous 56 

injections (primer and booster) of a synthetic GnRH analogue conjugated to a carrier protein 57 

at least four weeks apart, with the second injection no later than four weeks prior to slaughter. 58 

As a consequence of vaccination, the hypothalamic-pituitary-gonadal axis is disrupted, 59 

follicle stimulating hormone (FSH) and luteinizing hormone (LH) are not released and thus 60 

testicular dysfunction occurs. This vaccine has been further investigated in several controlled 61 

studies (Hilbe et al., 2006; Jaros et al., 2005; Zamaratskaia et al., 2008a, b), in which it was 62 

found that vaccinated male pigs had reduced testicular weight and bulbourethral gland length, 63 

and reduced plasma levels of the testicular hormones testosterone and oestrone sulphate.  64 

 65 

A recently published study investigated the efficacy of Improvac
®
 on sexual maturity, 66 

development of the reproductive organs, and the morphology of caudal epididymal 67 

spermatozoa in male pigs slaughtered at 4, 16 and 22 weeks after the second vaccine injection 68 

(Einarsson et al., 2009). None of the vaccinated male pigs was sexually mature at slaughter 69 

with the proportions of sexually mature unvaccinated males being 50%, 100% and 100% 70 

respectively. At all three slaughtering occasions, both testes weight and bulbourethral length 71 

were significantly reduced in the vaccinated pigs. Vaccination also clearly disrupted the 72 
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number and morphology of the interstitial Leydig cells. Spermatogenesis was affected to 73 

various degrees in the vaccinated male pigs, from mild disruption to severe loss of germ cells. 74 

The results indicated a suppressing effect of vaccination on testicular maturity for at least 22 75 

weeks after the second vaccine injection. It remains to be studied whether such a sustained 76 

effect might be obtained by early (pre- or early pubertal) use of Improvac
®
. The rationale for 77 

such study would be that the testis would be more dramatically and perhaps irreversibly 78 

affected by an earlier vaccination against GnRH simply because it would hamper, among 79 

other actions, testosterone stimulation of spermatogenesis. Leydig cells are not only 80 

responsible for the production and storage of testosterone, but they also produce other 81 

hormones and factors relevant for spermatogenesis and testicular function (Raeside et al., 82 

2006; Ge et al., 2008). Affected Leydig cells would result in a lack of available testosterone in 83 

the testis and such an early depletion of testosterone levels in the testicular fluid would 84 

strongly affect the ability of the epididymal epithelium to mature the spermatozoa.  85 

 86 

To the best of our knowledge, no study has yet investigated whether the above presumed 87 

effects on the reproductive organs and sperm morphology of male pigs can be elicited by an 88 

early (pre-pubertal or early pubertal) vaccination with Improvac
®
. The present experiment 89 

was therefore designed to investigate the efficacy of early vaccination of male pigs with 90 

Improvac
®
 at 10 and 14 weeks of age (pre-pubertal or early pubertal) on the development of 91 

reproductive organs and the morphology of cauda epididymal spermatozoa, examined post 92 

mortem at 25 weeks of age. 93 

 94 

2. Material and methods 95 

 96 

2.1 Animals 97 
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A total of 24 crossbred non-castrated male pigs (Swedish Yorkshire dams × Swedish 98 

Landrace sires) were included in this study. The five sires used were randomly selected 99 

among available Landrace sires. The study was performed at Funbo-Lövsta Research Station, 100 

SLU, Sweden. 101 

 102 

2.2 Experimental design  103 

Pigs within litter were randomly assigned to three groups. The controls (group i) were kept 104 

intact throughout the study.  No placebo substance was administered.  Pigs in two treatment 105 

groups were each given two doses of Improvac
®
 (Pfizer Inc Animal Health, Stockholm, 106 

Sweden, 2 mL per dose). Pigs in the early vaccination group (group ii), were given their first 107 

injection at age 10 weeks (69.0 ± 7.8 days; mean ±SD;  live weight (LW) 28.0 ± 8.6 kg) and 108 

the second injection at an age of 14 weeks (97.0 ± 7.8 days; LW 44.2 ± 10.8 kg). Pigs in the 109 

standard vaccination group (group iii) were vaccinated according to the manufacturer’s 110 

recommendation: the first injection was given at age 16 weeks (112.0 ± 6.8 days; LW 60.6 ± 111 

9.6 kg) and the second injection at age 20 weeks (140.0 ± 6.8 days; LW 85.4 ± 10.6 kg). Pigs 112 

were raised in pens of eight. All pigs were fed the same commercial diet (12.4 MJ ME per kg, 113 

digestible CP 13.5%) twice a day according to the standard feeding regimen for 114 

growing/finishing pigs in Sweden (Andersson et al., 1997). Pigs were weighed individually at 115 

the start of the study then fortnightly until their final weighing one day prior to slaughter. 116 

Slaughter was performed on two occasions per pen at a live weight of approximately 115 kg 117 

(i.e. normal slaughter weight in Sweden; 117.2 ±9.4 kg; 177.8 ± 5.7 days). 118 

 119 

The study was approved in advance by the local Ethics Committee on Animal Research, 120 

Uppsala, Sweden ensuring compliance with EC Directive 86/609/EEC for animal 121 

experiments. 122 
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 123 

2.3 Blood samples and testosterone analyses 124 

Blood samples were taken by jugular venipuncture using vacutainer tubes from all pigs one 125 

day prior to slaughter. Blood plasma was harvested and stored at –80 °C until analysed. Total 126 

testosterone concentration was measured with radioimmunoassay procedures (Diagnostic 127 

Products, Los Angeles, CA, USA) in 50-μl plasma aliquots, according to manufacturer’s 128 

instructions. The manufacturer reported a sensitivity of this assay of 0.04 ng/mL with an intra-129 

assay CV of 4.0–18.0% and an inter-assay CV of 5.9–12.0%, depending on the testosterone 130 

concentrations.  131 

 132 

2.4 Examination post mortem. 133 

Testes with epididymides and accessory sexual glands were removed at slaughter. 134 

Reproductive organs were measured at the slaughterhouse. Testicular weight, as paired testes, 135 

was recorded and the length of both bulbourethral glands was measured to determine the 136 

average length of each pair of bulbourethral glands. Samples from the proximal and distal 137 

testes, were fixed in a 2.5% solution of glutaraldehyde in cacodylate buffer (pH 7.2, 500 138 

mOsm), paraffin-embedded and conventionally sectioned and stained with haematoxylin and 139 

eosin for histology. The tubular diameter in each specimen was measured manually using an 140 

ocular micrometer when examining the slides at 100× magnification. For examination of 141 

sperm morphology, cauda epididymal content (cauda spermatozoa) was retrieved at the 142 

slaughterhouse, and transferred to buffered formol saline (Hancock, 1957). At the semen 143 

laboratory, sperm morphology was evaluated by experienced laboratory assistants in wet 144 

formol saline-fixed preparations (Bane, 1961) and in air-dried smears stained with 145 

carbolfuchsin-eosin according to the method described by Williams (1920) and modified by 146 

Lagerlöf (1934). In the wet smears, 200 spermatozoa, when possible, were checked under a 147 
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phase contrast microscope (1000× magnification). All abnormalities on any given 148 

spermatozoon were counted and the overall frequencies were classified according to Bane 149 

(1961). For a more detailed examination of the sperm head, when possible, 500 spermatozoa 150 

were checked in each stained smear under a light microscope at a magnification of 1000x. 151 

Sperm head morphology was classified according to Lagerlöf (1934). The morphological 152 

abnormalities were expressed as a percentage of the total number of counted spermatozoa.  153 

 154 

2.5 Statistical analysis 155 

Statistical analyses were performed using the procedure GLM in SAS (SAS Institute, Cary, 156 

N.C., USA, version 9.1). The model included the fixed effect of treatment (control, early 157 

vaccination or standard vaccination). The level of testosterone in plasma was log-transformed 158 

to normalize the distribution. Statistical significance was set to P<0.05. 159 

 160 

3. Results 161 

 162 

3.1 Reproductive organs 163 

The effect of early and standard vaccination on testes weight and bulbourethral gland length 164 

at slaughter is presented in Table 1. Both testes weight and bulbourethral gland length were 165 

reduced (P<0.001) after the second vaccine injection compared with the entire male pigs 166 

(controls). Testicular size of standard and early vaccinated pigs decreased with 58% and 80%, 167 

respectively (P<0.001 for both), compared with controls. Corresponding reductions for 168 

bulbourethral lengths were 37% and 48%, respectively (P<0.001 for both). In early vaccinated 169 

pigs, testes weight and bulbourethral gland length decreased with 53% (P=0.019) and 18% 170 

(P=0.017) compared with standard vaccinated pigs. 171 
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 172 

3.2 Concentrations of testosterone in peripheral blood at slaughter 173 

Testosterone concentrations, measured in peripheral blood plasma on the day prior to 174 

slaughter, were lower in vaccinated pigs (0.04 and 0.05 ng/mL) compared to controls (1.4 175 

ng/mL; P<0.001) (Table 1). There was no significant difference in plasma testosterone 176 

concentration between early and standard vaccinated pigs. 177 

 178 

3.3 Testicular histology 179 

Individual variation in testicular histology was present between control pigs, but their 180 

testicular tissue showed mostly normal appearance in relation to presence, size and 181 

distribution of typical eosinophilic Leydig cells (lc in Figure 1a´ and 1a´´) as well as 182 

seminiferous tubuli. Spermatogenesis was fully developed in all controls at age 25 weeks 183 

although some variation in size and degree of intact spermatogenesis was observed. That 184 

variation was, however, to be expected for the age of pigs. 185 

In vaccinated male pigs, testicular histology was clearly affected. Compared with controls, 186 

tubular diameter was reduced by a mean of 18% in the standard vaccinated pigs and more 187 

than 38% in the early vaccinated pigs (P<0.01). Together with an apparent reduction in the 188 

size of the interstitium (compare Figures 1a to 1c), such morphological differences are 189 

reflected in the significant diminution of testicular weight (Table 1). Vaccination with 190 

Improvac
®
 clearly disrupted the number and morphology of the interstitial Leydig cells in the 191 

standard vaccinated pigs and dramatically so in the early vaccinated animals (Fig. 1a-c´´). The 192 

Leydig cells lost their cytoplasmic eosinophilia, were fewer, and were represented by 193 

pycnotic-like nuclei, difficult to distinguish from the interstitial fibroblasts and endothelial 194 

cells. Spermatogenesis was also clearly affected in vaccinated pigs. In standard vaccinated 195 
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pigs (Fig.1b-b´´), changes ranged from mild disruption such as spermatocyte loss and 196 

decrease in the normal number of layers of germ cells to severe loss of germ cells including 197 

tubuli being Sertoli cell-only i.e. complete disappearance of germ cells. In early vaccinated 198 

pigs, however, the changes were more dramatic with only 3 out of 8 specimens presenting 199 

tubuli with spermatocytes or round spermatids. Most specimens had shrunken tubuli with 200 

only Sertoli cells or a few spermatocytes (Fig.1c-c´´). 201 

 202 

3.4 Morphology of cauda epididymal spermatozoa 203 

The morphology of spermatozoa collected from the cauda epididymides is summarised in 204 

Table 2. The sperm morphology of controls was within normal limits for their age. Among 205 

early vaccinated pigs, there were no spermatozoa collectable in 5 out of 8 animals. In the 206 

remaining 3 males, the number of spermatozoa collected was extremely reduced: less than 207 

100 were counted, after centrifugation of the fixed suspension. The most striking difference 208 

between controls and vaccinated pigs was the proportion of spermatozoa with normal 209 

morphology: only about 5% of spermatozoa in the vaccinated pigs were normal compared 210 

with more than 70% in the controls (P<0.01). Among the deviant spermatozoa, the dominant 211 

morphological abnormality was the proportion of immature spermatozoa carrying proximal 212 

cytoplasmic droplets (P<0.001). Likewise, the proportions of spermatozoa depicting 213 

pathological sperm heads, or midpiece defects were higher (P<0.05) in vaccinated pigs 214 

compared with controls. Differences were not seen between early and standard vaccinated 215 

pigs, but the number of early vaccinated pigs with enough spermatozoa for evaluation was too 216 

small to accurately compare these differences.  217 

 218 

4. Discussion 219 

 220 
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In accordance with earlier studies (Zamaratskaia et al., 2008b; Einarsson et al., 2009), 221 

standard vaccination with Improvac
®
 significantly reduced both testes weight and 222 

bulbourethral gland length alongside with a change in the hormonal profile of male pigs at 223 

slaughter, (Zamaratskaia et al., 2008b). As far as we are aware, this is the first study 224 

investigating reproductive tissues of male pigs vaccinated as early as at 10 and 14 225 

weeks-of-age, before puberty or in early puberty.  Considering that the response to Improvac
®
 226 

vaccination is believed to be temporary and that after some time the animal is expected to 227 

attain normal testicular function it is somewhat surprising to find both testes weight and 228 

bulbourethral gland length reduced in early vaccinated pigs compared with standard 229 

vaccinated pigs. The time between second vaccination and attainment of normal testicular 230 

function is, however, not yet determined although there are indications that the effects of 231 

Improvac
®
 on puberty-related factors last for at least 22 weeks (Zamaratskaia et al., 2008b).  232 

In the present study, none of the animals recovered from the effects of Improvac
®
, indicating 233 

long-lasting effects of the suppression of GnRH on the hypothalamic-pituitary-gonadal axis 234 

when vaccinating at 10 and 14 weeks of age. The drastic reduction in testosterone 235 

concentrations in peripheral blood in vaccinated pigs suggests a hypo-function of the Leydig 236 

cells and presumably a lack of GnRH production, effects that oppose those observed when 237 

GnRH had been chronically administered in pre-pubertal male pigs (Dijkstra et al., 1988). 238 

 239 

The histological status of the testes of vaccinated pigs was dramatically affected, with major 240 

disruption of spermatogenesis, and a clear effect on the number and size of the Leydig cells 241 

(Hilbe et al., 2006; Einarsson et al., 2009). These effects were even more conspicuous among 242 

early vaccinated pigs which had testes only 20% of the weight of the control pigs. The clear 243 

relationship between the disruption of Leydig cell morphology and the low levels of 244 
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testosterone in circulating plasma provides further evidence of the sustained effects of the 245 

vaccination, particularly early vaccination.  246 

 247 

The morphology of the cauda epididymal spermatozoa indicated sexual maturity for several 248 

of the control male pigs but none for the vaccinated male pigs. Among the vaccinated pigs, 249 

the dominant morphological abnormalities were the proportion of immature spermatozoa and 250 

abnormal sperm heads. Similar results were reported by Einarsson et al. (2009). No 251 

differences in sperm morphology were found between early and standard vaccinated pigs. 252 

However, 5 of 8 early vaccinated pigs had no spermatozoa in the cauda epididymis and, of the 253 

remaining 3, less than 100 spermatozoa could be seen.  254 

 255 

The overall picture indicates that early vaccination have caused an irreversible disruption of 256 

the testicular structure and function. Spermatogenesis and Sertoli cell function (Raeside et al., 257 

1999; Ge et al., 2008; Roser, 2008) depend on testosterone diffusing through the tubuli walls 258 

and into the testicular fluid that flows through the epididymis (Raeside et al., 2006; Sofitikis 259 

et al., 2008). A lack of testosterone during the maturational period thus have permanently 260 

affected spermatogenesis, either through a direct effect on germ cells, causing their apoptosis, 261 

or indirectly by affecting Sertoli cell function (Huhtaniemi & Toppari, 1995; Roser, 2008; 262 

Sofitikis et al., 2008). The evident numbers of Sertoli cell-only tubuli would suggest that these 263 

testes could not return to normality since most germs cells (including spermatogoniae) had 264 

been destroyed. A high proportion of abnormalities in the few spermatozoa that reached the 265 

epididymal cauda was also evident, the lower concentration of testosterone could not maintain 266 

the function of the epithelial target cells or their capacity to convert testosterone to the 267 

functional androgen dihydrotestosterone (Gloyna and Wilson, 1969; Aafjes and Vreeburg, 268 
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1972; Setty, 1979). Regardless, the result is the same: a diminished epididymal function and 269 

an impairment of sperm maturation (Setty 1979).  270 

 271 

Taken together, our results indicate that early vaccination causes a disruption of testicular 272 

structure and function to pigs at least until slaughter age (25 weeks). Long-term recovery of 273 

vaccinated male pigs from the effects of Improvac
®
 is yet to be studied. 274 

 275 

 276 

5. Conclusions 277 

 278 

The results presented in this study show that both early and standard vaccination against 279 

GnRH with Improvac
®
 clearly suppressed reproductive function in male pigs. The crucial 280 

reduction in circulating testosterone, and the concomitant reduction in size of testes and 281 

bulbourethral glands, as well as the effects on spermatogenesis and the number and size of the 282 

Leydig cells was even more pronounced among the early vaccinated male pigs than among 283 

the standard vaccinated male pigs. This indicates that vaccination at ages of 10 and 14 weeks 284 

causes a disruption of testicular structure and function to pigs at least until the age of 25 285 

weeks. This puts in question the reversibility of the effects of vaccination at a pre- or early 286 

pubertal stage. 287 

 288 
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 366 

Table 1. Effect of vaccination against GnRH on testis weight, bulbourethral gland length and 367 

testosterone concentrations in peripheral blood plasma at slaughter after standard and 368 

early vaccination with Improvac®. Entire male pigs Standard immunized male pigs 369 

Early immunized male pigs P-value  370 

Paired testis weight (g) 553a ± 34.5 (n = 8) 232b ± 34.5 (n = 8) 109c ± 34.5 (n = 8) 0.001  371 

Bulbourethral glands (cm) 12.6a ± 0.40 (n = 7) 8.0b ± 0.40 (n = 7) 6.6c ± 0.38 (n = 8) 0.001  372 

Testosterone* (ng/mL) 1.4a (0.69–2.90) (n = 7) 0.04b (0.02–0.08) (n = 7) 0.05b (0.03–0.11) 373 

(n = 8) 0.001  374 

Full-size table 375 

Least-square means ± standard error of the mean. Least squares means with different 376 

superscript within row differ P < 0.05. 377 

* Least-square means and 95% confidence interval after back transformation to the original 378 

scale. 379 

380 
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 383 

Table 2. Effect of immunization against GnRH on percentages of sperm abnormalities and proportions of normal 384 

spermatozoa collected from the cauda epididymides at slaughter after standard vaccination and early vaccination 385 

with Improvac
®
.  386 

 Entire male 
pigs 

Standard immunized 
male pigs 

Early immunized 
male pigs 

P-
value 

Number of 
animals 

8 8 3
*
  

Sperm morphology (%) 

Abnormal head 
shapes 

11.8
a
 ± 3.39 22.6

b
 ± 4.18 26.6

b
 ± 6.59 <0.05 

Loose heads 3.7
a
 ± 0.93 3.2

a
 ± 1.34 1.7

b
 ± 0.48 <0.05 

Acrosome spec 
defect 

3.7
a
 ± 0.97 2.4

a
 ± 0.65 1.2

b
 ± 0.94 ns

**
 

Acrosome 
abnormality 

2.3
a
 ± 0.54 2.6

a
 ± 0.66 1.7

a
 ± 0.53 ns

**
 

Proximal droplets 10.1
a
 ± 4.21 78.1

b
 ± 6.27 60.0

b
 ± 19.30 <0.001 

Distal droplets 72.0
a
 ± 5.74 2.9

b
 ± 1.59 5.9

b
 ± 2.67 <0.001 

Midpiece defects 1.3
a
 ± 0.24 5.9

a,b
 ± 2.95 6.1

b
 ± 1.61 <0.05 

Simple bent tail 2.5
a
 ± 0.61 2.8

a
 ± 1.68 4.2

a
 ± 1.87 ns

**
 

Normal 
spermatozoa 

71.1
a
 ± 6.27 

(39–95) 
5.0

b
 ± 1.67 (1–17) 5.3

b
 ± 3.02 (3–13) <0.01 

Least-square means ± standard error of the mean. Least squares means with different superscript within row 387 

differ at P < 0.05.  388 
*
 In early vaccinated entire male pigs no spermatozoa were found in the cauda epididymides of 5 out of 8 males 389 

pigs, while in the remaining 3 male pigs
1
 the percentages of abnormalities are based on <100 spermatozoa. 390 

**
 Non significant. 391 

 392 

http://www.sciencedirect.com/science/article/pii/S0378432011001709#ref_tblfn0010
http://www.sciencedirect.com/science/article/pii/S0378432011001709#ref_tblfn0015
http://www.sciencedirect.com/science/article/pii/S0378432011001709#ref_tblfn0015
http://www.sciencedirect.com/science/article/pii/S0378432011001709#ref_tblfn0015
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Fig. 1.   395 

(a–c″) Light microphotographs of testicular tissue from entire male (group i, left column 396 

figures a and a″), Improvac
®

 – standard vaccinated (group ii, middle column, figures 397 

b and b″) and Improvac
®
 – early vaccinated (group iii, right column, figures c and c″) 398 

pigs slaughtered at 25 weeks of age. Note the diminution in the size of the 399 

seminiferous tubules (a–c), and in the space of the interstitial tissue (arrows) 400 

containing the Leydig cells (lc) in the vaccinated pigs (a′–c′), and the number of 401 

layers in the epithelium (a″–c″), for vaccinated pigs compared to controls. While 402 

some standard vaccinated pigs still had tubuli with elongated spermatids (b″ arrow 403 

heads), most tubuli in early vaccinated pigs only had Sertoli cells or spermatocytes 404 

left (c″). (a–c) 100×, (a′–c′) 200×, and (a″–c″) 400× magnification. 405 

 406 
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