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Histological and Morphometric Examination of the Testes
of Boars and Male Pigs Inmunocastrated with Improvac®
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ABSTRACT

Background: Surgical castration of male piglets is frequently performed to prevent development of an unpleasant taste
and flavor in meat of mature males, called boar taint. Disadvantages of this method are primarily related to the lower feed
efficiency of surgically castrated male pigs, production of less lean meat and more fat on the carcasses than boars, as well
as ethical issues associated with the procedure itself. Immunocastration is a method of immunization against gonadotropin-
releasing hormone (GnRH) and represents an alternative to avoid boar taint. This study aimed to examine the influence of
immunocastration on histological and morphometric parameters of male pig testes.

Materials, Methods & Results: A total of 60 crossbred male pigs selected from 30 litters were assigned to two experimental
groups: boars (n = 30) and immunocastrated males (n = 30). Two doses (2 mL per dose) of the Improvac® vaccine were
given to pigs scheduled for immunocastration. The first injection was given at 10 weeks of age, and the second injection at
20 weeks of age. All pigs were fed the same commercial diet ad libitum, group-housed (15 pigs/pen) and slaughtered at 25
weeks of age. After slaughter, testicle weights were measured and samples of testicular tissue were taken for histological
examination. Immunocastrated males had lower testicle weights than boars (P < 0.01). Furthermore, structural damage to
the germinal epithelium was visible in the seminiferous tubules of vaccinated pigs. In the testicular interstitium of these
animals, the number of Leydig cells were reduced; almost all of these cells exhibited different degrees of abnormality.
Moreover, the diameter of the seminiferous tubules and thickness of the germinal epithelium were greater (P < 0.01), and
the percentage of germinal epithelium in the seminiferous tubules as well as percentage of blood vessels in the interstitium
were higher in boars as compared to immunocastrated males (P < 0.01). Seminiferous tubule lumen diameter was greater
(P < 0.01), and percentage of lumen in the seminiferous tubules as well as percentage of non-blood vessel tissue in the
interstitium were higher in immunocastrated males than boars (P < 0.01).

Discussion: Vaccination against GnRH, as used in this study, reduced the synthesis of follicle-stimulating hormone (FSH)
and luteinizing hormone (LH), which led to decreased spermatogenesis and androgen production. The smaller diameter
of the seminiferous tubules as well as germinal epithelium thickness, and lower percentage of germinal epithelium in the
seminiferous tubules in immunocastrated males could be explained by reduced FSH synthesis, and subsequent reduced
spermatogenesis. The described testicular malformations in immunocastrated animals caused their lower weight, and greater
diameter of the lumen as well as a higher lumen percentage of the seminiferous tubules. The vaccine reduced LH synthesis,
so the Leydig cells of immunocastrated animals had lower activity than the same cells in boars. The percentage of blood
vessels in the interstitium of boar testes was higher, which was related to the blood supply required for normal function
of Leydig cells. It was concluded that differences existed in the structure of the seminiferous tubules and interstitium be-
tween boars and immunocastrated males , which were reflected in values of the examined histological and morphometric
parameters. The development of these differences was related to the inhibition of GnRH synthesis and secretion.
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INTRODUCTION

Immunocastration represents one way to avoid
surgical castration of male piglets with the aim of pre-
venting the development of odour-taint in their meat.
For a long time, surgical castration was the standard
method used for this purpose despite its drawbacks.
In comparison with boars, surgically castrated males
have lower feed efficiency, less lean meat and more
fat in their carcasses [30]. Surgical castration has also
been criticized from an animal welfare viewpoint
[3,9,24,25].

Immunocastration with the Improvac® vaccine
delivers a vaccination against gonadotropin-releasing
hormone (GnRH), which leads to a reduction in the
release of follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) [21,27]. These processes
change testicular function and reduce the synthesis
of androstenone, a steroid primarily synthesized in
the Leydig cells [17]. In addition to androstenone,
skatole is also responsible for boar taint [5], and since
their metabolism could be related [1], it was reported
that immunocastration is effective in diminishing boar
taint [13,15].

One alternative method of preventing the
development of odour-taint in meat from male pigs is
based on the use of genetic markers in the selection
of pigs that are free of boar taint, but further study is
required to complete this examination and produce
useful results [23,32].

The main objective of this study was to ex-
amine the histological and morphological changes in
porcine testicular tissue caused by immunocastration
with Improvac®.

MATERIALS AND METHODS

Animals and experimental design

A total of 60 crossbred male pigs (crossbred
Landrace/Yorkshire sows x crossbred Duroc/Pietrain
boars) selected in the first week of life from 30 litters
were assigned to two experimental groups: boars (n =
30) and immunocastrates (n = 30). Two doses (2 mL
per dose) of the Improvac® vaccine' were given to pigs
scheduled for immunocastration. The first injection
(2 mL) was given at 10 weeks of age, and the second
injection (2 mL) at 20 weeks of age. Pigs in each ex-
perimental group were group-housed (15 pigs/pen), fed
the same commercial diet ad libitum and kept under

identical conditions. All the pigs were slaughtered at
25 weeks of age and testicular weight was recorded.

Histological analysis

Histological examination of testicular tissue
from boars and immunocastrates was performed.
Tissue samples were initially fixed in 10% buff-
ered formalin solution, followed by dehydration,
clearing, embedding in paraffin and cutting into
serial 5-um thick sections using a microtome, and
subsequently stained with haematoxylin and eosin
(H&E) [16,20].

The following histological parameters were
recorded: diameter of the seminiferous tubules and
the lumen of the seminiferous tubules (diameter was
measured as the average of the longest lines drawn
across the length and width of their cross-sections),
thickness of the germinal epithelium, the percentage
of germinal epithelium and lumen in the seminiferous
tubules, and the percentage of non-blood vessel tissue
and blood vessels in the interstitium. Microscopy was
performed using a Leica DMLS? light microscope
with a Leica DC 3002 digital camera and the software
package IM10002.

Percentage measurements were performed
using the M42 testing system described elsewhere
[4,19,22,28], which basically consists of 21 line seg-
ments and 42 points in the testing area. For stereologi-
cal analyses, the following formulas were used:

P(ge) = N(ge) 100 (%)

N(st)
where: P(ge) - the percentage of germinal epithelium
in the seminiferous tubules; N(ge) - the number of
test points lying over the germinal epithelium; N(st) -
the number of test points lying over the seminiferous
tubules;

P() =N 100 (%)

N(st)
where: P(l) - the percentage of lumen in the semini-
ferous tubules; N(I) - the number of test points lying
over the lumen; N(st) - the number of test points lying
over the seminiferous tubules;

P(nbv) = N(nbv) 100 (%)
N@)
where: P(nbv) - the percentage of non-blood vessel
tissue in the interstitium; N(nbv) - the number of test
points lying over the non-blood vessel tissue in the
interstitium; N(i) - the number of test points lying over
the interstitium;
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P(bv) = N(bv) 100 (%)
N()
where: P(bv) - the percentage of blood vessels in the
interstitium; N(bv) - the number of test points lying
over the blood vessels in the interstitium; N(i) - the
number of test points lying over the interstitium.

Statistical analysis

Statistical analyses were performed using one-
way ANOVA and the post hoc Tukey’s test to evaluate
the effect of treatment on testes weight and morphomet-
ric parameters. Differences were considered significant
at P <0.05. Values are presented as mean + standard
error of the mean. Statistical tests were carried out
using Statistica for Windows, ver. 10.0.

RESULTS

Immunocastrated males had significantly
lower testes weight (P < 0.01) compared to the boars
(Table 1). Analysis of the photomicrographs showed
differences in structure between the testes of boars and
immunocastrates. Figures 1A and 2A show that in the
fully developed germinal epithelium of boar testes, all
developmental stages of spermatogenesis as well as
spermiogenesis could be detected. Spermatozoa were
observed in the lumen of the seminiferous tubules.
All germinal epithelium cells were regularly shaped
and structured. The germinal epithelium of immuno-
castrates (Figures 1B and 2B) was poorly developed.
The lack of certain developmental stages of spermato-

genesis in the seminiferous tubules was noticed. The
degree of disruption in spermatogenesis varied from
mild, as observed in a reduced number of germ cells
in one layer, to serious damage such as complete ab-
sence of an entire layer or even several layers of germ
cells, mainly spermatozoa, spermatids, secondary and
primary spermatocytes. When spermatocytes were
present, many of them were shrunken compared to the
same cells in the testes of boars. The interstitium of
boar testes contained numerous Leydig cells which had
aregular shape and structure (Figure 3A). The number
of Leydig cells in immunocastrates was reduced, and
the morphology of these cells (Figure 3B) was changed
(smaller cells of irregular shape with much less cyto-
plasm and poorly defined plasma membranes).

A greater seminiferous tubule diameter (P <
0.01) was measured in boars compared to immuno-
castrates (Table 1). The diameter of the seminiferous
tubule lumen was greater (P < 0.01) in immunocas-
trates (Table 1), while germinal epithelium thickness
was greater (P < 0.01) in the seminiferous tubules of
boars (Table 1).

The percentage of germinal epithelium in the
seminiferous tubules (Table 1) was higher in boars (P <
0.01), while the percentage of lumen in the seminiferous
tubules (Table 1) was higher in immunocastrates (P <
0.01). In the interstitium of the testes, a higher percent-
age (P < 0.01) of non-blood vessel tissue was found
in immunocastrates (Table 1), while the percentage of
blood vessels was higher (P < 0.01) in boars (Table 1).

Table 1. Effect of immunocastration on testicular weight and morphometric parameters.

Weight and Morphometric Parameter Boars Immunocastrated males
Testes weight (g) 574.67 £9.264 234.83 £5.268
Seminiferous tubule diameter (um) 202.88 = 4.754 160.11 + 5.348
Seminiferous tubule lumen diameter (um) 90.22 £2.07% 122.52 + 8.30*
Germinal epithelium thickness (um) 112.66 £ 4.61* 37.59 £5.028
Germinal epithelium in seminiferous tubules (%) 69.17 = 0.60* 40.21 + 3.058
Lumen in seminiferous tubules (%) 30.83 = 0.60° 59.79 + 3.054
Non-blood vessel tissue in the interstitium (%) 90.78 + 0.66° 95.63 +0.76*

Blood vessels in the interstitium (%) 9.22 +0.66* 437 +0.76°

Values are presented as mean + standard error of the mean. Means within a row with a different superscript letter differ significantly (P < 0.01).
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Figure 1. Cross section of testicular tissue showing the seminiferous tubules of boars (A) and immunocastrated males (B). H&E staining.
[Scale bar = 50 pm].

Figure 2. Testicle germinal epithelium thickness (arrows) of boars (A) and immunocastrated males (B). H&E staining. [Scale bar = 20 pm].

Figure 3. Testicular tissue cross sections of boars (A) and immunocastrated males (B) showing the Leydig cells (arrows) in the interstitium.
H&E staining. [Scale bar = 10 um].
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DISCUSSION

Due to Improvac® vaccine administered in this
study, which caused a reduction in FSH stimulation of
spermatogenesis in the germinal epithelium of the semi-
niferous tubules as well as a reduction in LH stimulation
of androgen production by Leydig cells [6,33], major
changes in the morphology, histological structure and
functionality of immunocastrated male testes occurred.

Analysis of the histological preparations obtained
from immunocastrate testes revealed damage to the semi-
niferous tubule germinal epithelium. These changes were
caused by influence of the vaccination on the reduced activ-
ity of gonadotropin cells in the adenohypophysis and con-
sequently reduced production of FSH by these cells, which
is required to the process of spermatogenesis [26]. This is
in correlation with the previously described ultrastructure
of gonadotropin cells in GnRH immunized boars, which
exhibited a decreased number and size of large and small
cellular granules, indicating altered cell morphology [10].

A greater or lesser degree of disruption to sper-
matogenesis, as detected in the seminiferous tubules of
immunocastrates, has also been reported previously in
immunocastrated mature boars [2], where the quantity
of abnormal spermatozoa (abnormalities in head mor-
phology, tail morphology, etc.) were also increased.

In the interstitium of the testes of immunocas-
trates, disrupted morphology and a reduced number of
Leydig cells were related to reduced LH release caused
by the vaccine. These processes reduced testosterone
secretion by Leydig cells, which is in line with a previ-
ous study [31] where immunization against GnRH had
a negative impact on plasma testosterone levels in the
period after a second vaccination.

The greater thickness as well as higher percentage
of germinal epithelium in the seminiferous tubules of boars,
as compared to the immunocastrates that was reported in
this study, was caused by the lower FSH levels [10,11] and
reduced spermatogenesis in the germinal epithelium of the
seminiferous tubules of the immunocastrated males. In the
testes of vaccinated animals, incomplete development or a
complete lack of certain cells in the seminiferous epithe-
lium as described earlier, was directly related to its reduced
thickness. Furthermore, as the spermatogenic lineage in
the seminiferous tubules of immunocastrates consisted
of only a few cells, greater diameter of the lumen as well
as a higher lumen percentage of the seminiferous tubules
was detected. The greater diameter of the boar seminifer-
ous tubules was explained by the fully developed cellular

layers in the seminiferous epithelium. These results agreed
with an earlier observation [2].

Lower testes weight was related to degenera-
tive changes in the morphology of the testes caused by
vaccination (smaller germinal epithelium thickness,
smaller diameter of seminiferous tubules, etc.), which
led to a decrease in their weight. Reduction in testes
weight as well as reduction in the weight of accessory
reproductive glands of immunocastrated males have
been previously reported [8,18].

The lower percentage of blood vessels in the
interstitium of immunocastrated males can be related
to the reduced function of the Leydig cells that produce
less androgens due to decreased LH secretion. As Leydig
cell function is associated with testicular interstitial blood
flow [7,14], and function of these cells was reduced in
immunocastrates, this could be related to poor blood sup-
ply to the Leydig cells and the detected lower percentage
of blood vessels in the interstitium of immunocastrates.
Reduced Leydig cell function was associated with the
morphological changes described earlier. These findings
are in accordance with data of other authors [12,29].

CONCLUSIONS

The results of this study indicated that immu-
nocastration affects the histological and morphometric
parameters of the testes. The vaccine disrupted sper-
matogenesis to varying degrees, which resulted in poor
development of the germinal epithelium of the seminifer-
ous tubules. The number of Leydig cells were reduced,
while almost all of these cells had significant structural
abnormalities. These processes caused differences in the
observed parameters between the testes of boars and im-
munocastrated males, which were related to the inhibition
of GnRH synthesis and secretion as a result of vaccination.
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