
HAL Id: hal-00900061
https://hal.science/hal-00900061

Submitted on 11 May 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Studies on a long-term use of rapeseed products in diets
for boars. Pathomorphological changes in the
reproductive system, liver and thyroid gland

T Rotkiewicz, G Bomba, J Falkowski, J Glogowski, W Kozera, M Kozlowski

To cite this version:
T Rotkiewicz, G Bomba, J Falkowski, J Glogowski, W Kozera, et al.. Studies on a long-term use of
rapeseed products in diets for boars. Pathomorphological changes in the reproductive system, liver
and thyroid gland. Reproduction Nutrition Development, 1997, 37 (6), pp.675-690. �hal-00900061�

https://hal.science/hal-00900061
https://hal.archives-ouvertes.fr


Original article

Studies on a long-term use of rapeseed products
in diets for boars. Pathomorphological changes

in the reproductive system, liver and thyroid gland

T Rotkiewicz G Bomba J Falkowski2 J Glogowski
W Kozera M Koz&jadnr;owski

1 Department of Pathological Anatomy, Faculty of Veterinary Medicine;
2 Department of Pig Breeding, Department of Animal Biochemistry, Faculty of Zootechnics,

University of Agriculture and Technology in Olsztyn, Poland

(Received 30 October 1996; accepted 4 November 1997)

Summary &horbar; Three feeding groups were used: the control (SOY) was fed diets without rapeseed prod-
ucts, and the two experimental groups were fed with either 10% rapeseed meal (RSM) or with 12%
00 rape seeds (PFRS). Half of the boars from each group were slaughtered after I or 2 years. In RSM
and PFRS boars steroid-3-beta-ol-dehydrogenase activity was high, whilst Leydig cells were not
numerous after 1 year. Degeneration and necrosis of seminiferous epithelium resulting in atrophy of
seminiferous tubules appeared in RSM boars after 2 years. In the PFRS group the lesions were
stronger and proliferation of Leydig cells with high steroid-3-beta-ol-dehydrogenase activity was
observed. In 1-year-old RSM and PFRS boars there were foci of necrosis in the epididymal epithe-
lium. Thyroid weight in RSM boars and liver weight in PFRS boars were distinctly higher only dur-
ing the first year. In these thyroid glands flattening of glandular epithelium and enlargement of col-
loid masses were observed, while in the livers, parenchymatic degeneration and structural
transformation appeared. Testis weight increased after 2 years in RSM and PFRS boars; however, this
had little effect on semen production.

boar / rapeseed / testis / liver / thyroid gland

Résumé &horbar; Études sur l’usage à long terme de composants du colza dans le régime alimen-
taire de verrats. Lésions morphopathologiques dans l’appareil reproducteur, le foie et la glande
thyroïde. Trois lots de verrats ont été utilisés : les témoins (SOY), nourris sans colza, les groupes expé-
rimentaux nourris avec 10 % de tourteaux de colza (RSM) et 12 % de graines de colza 00 (PFRS). La
moitié des verrats de chaque lot a été abattue après un an, l’autre moitié au bout de deux ans. Dans

* Correspondence and reprints
Tel/fax: (48) 89 523 3458; e-mail: Toidrot@moskit.ART.Olsztyn.PL



les lots RSM et PFRS, l’activité stéroide-3-béta-ol déhydrogénase était élevée au bout de 2 ans,
alors que le nombre de cellules de Leydig était faible à la fin de la première année. Dégénérescence
et nécrose ont été observées dans l’épithélium des tubes séminifères qui s’atrophient chez les verrats
du lot RSM au bout de 2 ans. Dans le groupe PFRS, les lésions étaient plus importantes et on a
observé une prolifération des cellules de Leydig et une forte activité stér6fde-3-béta-ol déhydrogénase.
Dans les deux groupes expérimentaux, des foyers de nécrose se sont formés dans l’épithélium épi-
didymaire au bout de 1 an. Pendant la première année, le poids de la thyroïde (groupe RSM) et du foie
(groupe PFRS) a augmenté. L’aplatissement de l’épithélium glandulaire thyroïdien et la croissance
de masses colloïdes ont été observés. Dans le foie, des transformations de structure et une dégéné-
rescence du parenchyme se sont produites. Le poids des testicules s’est accru au bout de deux ans dans
les deux groupes, mais sans effet sur la production de spermatozoïdes.

verrat / colza / testicule / foie / thyroïde.

INTRODUCTION

Rapeseed meal and rape seeds can be a valu-
able component of animal feeds. Therefore,
there is an increasing cultivation of triply
improved rape varieties. Studies on the use
of rape seeds or rapeseed meal in the diets of
boars are few. Only one paper by Fritz et al
(1992) was found in the available literature,
where the authors used feeds containing 5
and 12% of rapeseed meal produced from
the 00 Jantar variety. It was found that a
12% concentration of this meal was exces-
sive. Boars fed these diets were characterised

by slower growth and worse feed conver-
sion, but there was no effect on semen qual-
ity or its quantitative parameters, nor on the
weight of liver, kidneys or testes. Only the
thyroid gland increased in weight.

The objective of this study was to deter-
mine morphological changes in the repro-
ductive system, liver and thyroid gland of
boars consuming diets containing 10% rape-
seed meal or 12% rape seeds over an
extended period.

MATERIAL AND METHODS

Forty-eight boars were used in the experiment
(d Polish Landrace x 9 Polish Large White) of
42-45 kg body weight. The animals were divided
into three feeding groups: SOY, without rape-
seed products; RSM, with 10% rapeseed meal;

and PFRS, with 12% 00 rape seeds. There were
16 boars in each group. The animals were given
complete feeds; their chemical composition and
the percentages of particular components are
given in table I. The boars were kept in litterless
pens, two animals per pen. Feed consumption
was controlled daily and each animal was
weighed every fortnight. Twenty-four boars
(eight per group) were slaughtered by bleeding



after electric stunning, after attaining a body
weight of about 1 15 kg. The remaining boars
were slaughtered at the end of the experiment
(2 years).

The reproductive system was examined
directly after slaughter. The weight and size of
each testis (length and width) were determined
and samples were collected from the organs for
microscopy examination. Samples for histopatho-
logical examination were collected at the free
brim of the testis, fixed in Bouin solution and
embedded in paraffin blocks. Samples for elec-
tron transmission (TEM) and scanning (SEM)
microscopy were collected from the same place.
Samples designated for TEM were preserved in
glutaric aldehyde and phosphate buffer, immersed
in Epon 812. Ultra-thin sections were stained
using standard methods and examined in a Tesla
BS 500 microscope. Those specimens designated
for SEM examination were fixed in glutaric alde-
hyde, dehydrated and coated with carbon and
gold layer before being examined in a scanning
microscope Tesla BS 300. Samples were also
collected for histochemical analyses. The activ-
ity of steroid-3-beta-ol-dehydrogenase (3pHSD)
in cryostatic sections was determined using the
method by Levy et al ( 1959).

Samples of epididymis (head, corpus, tail),
prostate gland, vesicular glands and bulbourethral
glands were also collected for histopathological
examination. They were fixed in buffered 10%
formalin, embedded in paraffin blocks, and the
obtained microtome sections were stained with
hematoxilin and eosin (HE) and periodic acid
Schiff (PAS) according to McManus and Mowry
( 1960).

Samples of liver and thyroid gland were col-
lected for microscopic examination. Microtome
sections obtained from paraffin blocks were
stained using HE and PAS. Morphometric mea-
surements were made on the thyroid gland to
determine the volume of vesicles and depth of
the vesicular epithelium. Finally, morphometric
results were analysed statistically with the Stu-
dent-Newman-Keuls q-test and F-test of sig-
nificance for two-factorial experiments.

Samples of ejaculates were taken during the
second year of the study by the manual method
once a week. Evaluation of semen quality (vol-
ume, concentration, motile) was carried out every
2 weeks by Bielariski’s method (1979). The
results were analysed with the Duncan test for
one-factorial experiment.

RESULTS

Morphometric characteristics of boar testes
are presented in table II.

Testes of boars from the SOY group at
the end of the first year were composed of
oval tubules lined with seminiferous epithe-
lium showing some signs of early degener-
ation. Elongated and circular spermatids
separated from the supporting cells (fig 7)
and gigantic spermatid cells could be
observed in the lumen of individual tubules.
Numerous collagen fibres were present
around the tubules and blood vessels. Lysis
of individual cells, their dissociation or pyc-
notic nuclei were observed in the intersti-
tial cells (fig 8). Leydig cells showed mod-
erate activity of 3PHSD.

Epithelium hypertrophy was observed in
the head and corpus of the epididymides of
boars from the SOY group, indicated by
verrucal thickenings and intraepithelial cysts.
These changes resulted in a festoon outline
of the duct lumen. Atrophy of cilia was
observed in epithelial cells of the epididymal
tail (fig 9).

Testes of RSM boars at the end of the
first year were composed of oval seminif-
erous tubules in which thin germinal epithe-
lium was observed (fig 10). Numerous col-
lagen fibres were observed around the
tubules and blood vessels as in the SOY

group. Leydig cells were not so numerous as
in the SOY group, and showed strong
3?HSD activity.

Epithelium of the epididymal duct was
undulated and small foci of coagulation
necrosis were observed while cells of the
head and corpus in many places did not have
cilia just as in the epididymal tail of the SOY
group.

Testes of PFRS boars at the end of the
first year were composed of seminiferous
tubules of different shapes with their ger-
minal epithelium desquamated into the
lumen. Some tubules underwent atrophy
(fig 11 ), and others had thin germinal epithe-



lium similar to the RSM group. Thick con-
nective tissue bands and numerous colla-

gen fibres were noticeable around blood
vessels similar to other animals after the
first year of the study; also Leydig cells were
not numerous, and analogous to the RSM
group showed strong 3PHSD activity.
Epithelium of the epididymal duct was sim-
ilar to the SOY group but additionally small
necrotic foci of epithelial cells of the head
and corpus were observed.

Seminiferous tubules of SOY boars con-
tained some gigantic cells (fig 12) on com-

pletion of the 2-year study while vacuoli-
sation of germ cells was observed. In indi-
vidual tubules the epithelium was separated
from the basement membrane and desqua-
mated into the tubule lumen stronger than
after the first year (fig 13). TEM examina-
tion revealed the presence of additional lam-
inae in the basement membrane. Sertoli cells
contained large lipid drops and myelin-like
structures as pathological changes. Unusu-
ally, numerous collagen fibres were present
around tubules and in the intertubular tis-
sue. Myofibroblasts contained fragments of





collagen fibres, a sign of disturbances of
collagen metabolism or dysfunction of
myofibroblasts.

Evidence of vacuolisation and disinte-

gration of germinal epithelium was observed
in the seminiferous tubules of RSM boars
after 2 years (fig 14). Some tubules were
atrophied. Numerous collagen fibres were
present around the tubules and blood ves-
sels, and also in the intertubular tissue
(fig 14). TEM examination revealed the
presence of additional laminae in tubule
basement membranes (fig 1). Sertoli cells
contained large lipid drops. Leydig cells
were not numerous and some had pycnotic
nuclei while others had undergone necrosis

and lysis (fig 15), whereas others showed a
high activity of 3pHSD (fig 2).

Seminiferous tubules of PFRS boars con-
tained numerous gigantic eosinophilic cells
and their epithelium was composed of a few
primary spermatocytes and of spermatids.
Membrane propria atrophied in some tubules
and numerous collagen fibres were present
between them. TEM examination revealed

thickening of the basement membrane (fig 3)
often consisting of several laminae, the same
as in the RSM group. Sertoli cells contained

large lipid drops (fig 5). Nuclei and cyto-
plasm of Leydig cells on the other hand con-
tained myelin-like structures and inclusion
bodies (fig 4).







After 2 years of the experiment, the epi-
didimal duct was covered with epithelium of
varying thickness (fig 16) containing ver-
rucal thickenings and foci without cilia.

SEM revealed that the epithelium of sem-
iniferous tubules was composed of closely
packed cells of different size. There were
spermatozoa and concretions of granular
protein substance in tubule lumen (fig 6).

After the first year of the experiment, the
morphological picture of the prostate gland
was normal in all boars. After 2 years, SOY
and RSM boars showed infiltration of lym-
phoid cells, histocytes, and some neutrophil
granulocytes in their prostates. Proliferation
of glandular epithelium and its hypertrophy,
as well as proliferation of connective tissue
were observed in some boars.

There was also cell infiltration, prolifer-
ation of glandular epithelium in the prostate
of PFRS boars, and stasis of secretion was
observed.

Vesicular glands were composed of nor-
mal large vesicles with fairly thick epithe-
lium after the first year, and contained large
amounts of PAS-positive secretion in all
animals.

After 2 years of the experiment, vesicu-
lar glands in the control animals were nor-
mal. In RSM boars vesicles of various size
were observed, and many vesicles had very
thick and proliferating epithelium. Gland
content also varied; it was homogeneous in
some vesicles, dense and darker stained with
eosin in others, frequently with fibrous struc-
ture and strongly PAS-positive. Similar
changes were observed in vesicular glands
of PFRS boars.

The parameters of semen are presented in
table V. The data showed that the ejaculates
of RSM boars were of smaller volume than

, others, but semen concentration, total num-
ber of spermatozoa and sperm motility were
highest in this group. The differences
between means were statistically signifi-
cant.

Thyroid glands of SOY boars were com-
posed of one-size vesicles after the first as
well as the second year, lined with fairly
thick epithelium and contained homoge-
neous colloidal matter. A few marginal vac-
uoles were present at the colloid periphery.

Thyroid glands of RSM boars were
enlarged after 1 year of the experiment, com-
posed of numerous large vesicles lined with
very flat epithelium. They also contained
medium-size and small vesicles, but these
were lined with thick epithelium composed
of cylindrical cells. Vesicle colloid was
homogeneous, although fairly numerous
marginal vacuoles were present at its periph-
ery. Thyroid glands of these boars contained
prevalent vesicles of medium size after 2
years of studies, whilst very large vesicles
were present at the periphery of the glands.
Epithelium lining the vesicles was flat and
colloid was homogeneous with few marginal
vacuoles.

Thyroid glands of PFRS boars were com-
posed mostly of small and medium-size
vesicles. Large and very large vesicles pre-
dominated at the gland’s periphery. Epithe-
lium lining these vesicles was very varied;
there were vesicles with very flat as well as

very thick epithelium. Colloid was homo-
geneous and contained a few marginal vac-
uoles. Large and medium-size vesicles pre-
dominated after 2 years; they were lined
with flat epithelium (fig 17). The results of
morphometric examinations of thyroid
glands are presented in table III.

Livers of SOY boars were composed of
properly developed lobules surrounded by
clearly visible stripes of connective tissue.
Hepatocytes contained some glycogen
grains. Focal proliferation of hepatocytes
and forming of pseudo-lobules surrounded
by thin stripes of connective tissue was
observed in some boars.

Livers of the animals from the RSM and
PFRS groups had a similar structure to SOY
boars after 1 year of the experiment. Liver
lobules were surrounded by thick stripes of





connective tissue. Infiltration of eosinophilic
and lymphoid cells was observed around
vessels of portal spaces. Pseudo-lobules and
proliferation of hepatocytes were also noted.
Some glycogen granules were present in
liver cells. Liver weight in the boars from
RSM and PFRS groups was greater than in
other animals and this variation was statis-

tically significant (table IV).

The structure of the liver in SOY boars
after 2 years was similar to that after I year
of the experiment. In contrast livers of RSM
boars had numerous pseudo-lobules, pro-
liferated interlobular connective tissue, and
infiltration of lymphoid cells and

eosinophilic granulocytes in portal spaces.
Hepatocytes around central veins were
parenchymatic and vacuolar degenerated;



they were frequently dissociated from each
other. Stellate cells were enlarged and pro-
liferated in many places while liver cells
contained some PAS-positive granules. The
morphotic picture of the liver in the PFRS
group after 2 years was the same as that of
RSM boars. The changes may be interpreted
as adaptative processes.

DISCUSSION

Rapeseed meal and rape seeds can be added
to the diet of domestic animals as a source of

protein, but the percentage level of these
components should not be too high owing
to the fact that rape seeds contain substances

affecting thyroid gland and liver function.
Studies carried out by Fritz et al (1992) sug-
gested that diets containing 5% rapeseed
meal of the 00 Jantar variety were suitable for
feeding boars. No information was found in
the available literature on the effect of rape-
seed meal or rape seeds upon morphology
of the reproductive system in these animals.

Administration of feeds with proper pro-
tein content is especially important for the



functioning of the boar reproductive sys-
tem. Studies by Louis et al (1994) showed
that low protein levels had a negative effect
on the animal libido, ejaculate volume and
17-beta estradiol concentration in the blood.
This had a detrimental effect on the func-
tion of Sertoli and Leydig cells, as shown
in the studies by Carreau et al (1994) and
Yazama et al (1990). These authors revealed
the key role of Sertoli cells in the formation
of a favourable microenvironment for pro-
duction of germ cells, specially by formation
of a blood-testis barrier. In our study there
were additional layers of basal lamina pro-
duced by myofibroblasts and Sertoli cells.

Testes and epididymides of boars are also
very susceptible to feeding regimes, food
components or toxic substances in the feed.
Wallgren et al (1993) showed high suscep-
tibility of boar testes to intoxication in the
studies on endotoxines, and so did Piskac
et al (1982), who studied the effect of afla-
toxins on testis structure. Studies by Brun
et al (1991) performed on boars revealed
that the testes were also injured by some
medicines and various feed components.
Morphotic responses of testes to toxins in
the diet consist of degeneration of seminif-
erous epithelium, changes in the tubule
membrane, hyalinisation of blood vessels
and tubules, thickening of basement mem-
branes or changes in the amount of connec-
tive tissue and injury to interstitial cells. A
diet containing rapeseed meal and rape seeds
caused similar degenerative changes includ-
ing collapse of the seminiferous tubule
accompanied by an increase in 3?HSD
activity, testis fibrosis as well as changes in
the epididymal duct epithelium. The histo-
logical picture of the testis also depends to
a large extent on the amount of ingested
feeds, as shown by Langenfeld et al (1992).
These authors used different feeding rates
and showed that in the case of boars there
were significant differences in the diame-
ter of seminiferous tubules, size of intersti-
tial cells and the epididymis structure.

Morphotic and functional responses of
boar testes to destructive factors depend on
the animal age, breed, body weight and even
on testis size, as has been shown in the stud-
ies by Basurto-Kuba ( 1983), Buchanan
(1987), Dubiel et al (1992), Borg et al
(1993). The increase in testis weight, which
was caused more by connective tissue and
collagen fibre proliferation than by hyper-
trophy of seminiferous tubules, seems to be
an adaptative and protective response of the
animal to a diet containing rapeseed prod-
ucts.

Degenerative-productive changes in
testes and epididymides intensified with ani-
mal age (Frankenhuis et al, 1982; Shyu et al,
1985; Kojima 1990). Studies by Houszka
et al (1988) and Osvath and Wekerle (1989)
revealed that these processes took place in
old sterile boars, which subsequently under-
went castration. Our studies also showed an
intensification of damage to the seminifer-
ous tubule as the boar grew older. Such

damage included early degeneration of sem-
iniferous epithelium and connective tissue
proliferation as well as injury of the epithe-
lium in the epididymal duct. These changes
appeared even in the control group.

Time-related changes were observed in
boars of different age in the course of the
studies by Lunstra et al (1986). Leydig cells
show submicroscopic changes which
increase with age, in numerous organelles,
mostly in the smooth and rough endoplas-
matic reticulum, mitochondria and nuclei.
A similar pattern was observed in the exper-
iment. Also an increase in size and weight of
internal organs of all of the examined ani-
mals was caused by growth.

Testosterone production is the essential
function of Leydig cells (Payne and Young-
blood 1995). The ability to produce steroid
hormones changes with animal age, as has
been shown by Allrich et al (1983). Steroid-
3-beta-ol-dehydrogenase (3pHSD) activity
is a good index of production of these hor-
mones. Our studies showing that 3pHSD



activity increased in boars on diets contain-
ing rape products suggest that the organism
tends to sustain production of spermatozoa
even when the seminiferous epithelium is
damaged.

The boar epididymidis was extensively
studied by a number of scientists, includ-
ing Kozumplik (1987), Wystub et al ( 1989a,
b), Stoffel et al (1990, 1991 ), Stoffel and
Friess (1994), who showed a high sensitiv-
ity of the epithelium to damage and its abil-
ity to hypertrophy. The same phenomena
were seen in all animals in our experiment.

The parameters of ejaculates were simi-
lar to the results of experiments described by
Lyczynski (1984), Dubiel (1987), Czarnecki
et al ( 1991 ), Fritz et al (1992) and Glo-
gowski (1993), Michalski and Polaiiska
(1983). The results showed that there was
no unequivocal and consequent influence
on the quality and quantity parameter of
semen. Only secretion of accessory glands
was significantly lower in experimental
groups, which was manifested by low semen
volume.

Vesicular glands and the prostate gland
play an important role in semen production
in the boar. RSM and PFRS boars showed

negative changes in the accessory glands
resulting in reduced volume and lower pro-
tein content in the ejaculates as was
described above.

The damaging effect of the discussed
diets on thyroid structure was observed only
after I year of a diet of feeds containing
rapeseed meal. There was no such effect
when the animals were on diets containing
rape seeds. It is difficult to interpret the
enlargement of thyroid glands. It can be
assumed that the enzyme myrosinase was
liberated during rapeseed meal production.
This enzyme causes synthesis of glucosi-
nolates that inhibit thyroid function. Hence,
intact rape seeds were less toxic than rape-
seed meal, so that their inhibiting effect on
the thyroid gland became noticeable only
after 2 years of this diet.

The effect of diets containing rape seeds
or rapeseed meal on the thyroid gland is
directly reflected in the function of Sertoli
cells. Studies by Palmero et al (1995)
showed that there were specific receptors
of T3-iodothyronine in Sertoli cells, so that
feeds containing substances which inhibit
thyroid might disturb development and func-
tion of boar testes as well as have an influ-
ence on low protein content, as earlier
described.

The examined diets containing rape seeds
or rapeseed meal injured the liver. The
microscopic observations indicated that the
liver injury was characteristic for toxic hep-
atitis and portal cirrhosis.

The causes of portal cirrhosis and acute
toxic hepatitis are thought to be the same;
however, the kind of inflammation depends
on the amount of toxic substances ingested
in a given period. Smaller amounts act more
slowly and produce the portal cirrhosis. On
the other hand, some cases of portal cirrho-
sis may represent the final result of an attack
of acute toxic hepatitis. In domestic animals
chronic poisoning by plants is suspected to
be the most likely cause. In our study the
low amount of poison led to portal cirrhosis
and to infiltration with inflammatory cells in
the portal areas. Increased amount of rape-
seed products in diets may cause acute toxic
hepatitis and even hepatocyte necrosis.

Our studies revealed morphotic changes
in the boar reproductive system, the liver
and the thyroid gland. These processes were
accompanied by adaptation that enabled
production of normal spermatozoa in the
testes.

Our experiment was extended over a
period of 2 years and showed that the effect
of 10% 00 rapeseed meal in the boar diet
was similar to the effect of a 12% content of
seeds of the same rape variety. Such diets
could be fed to boars. However, there is a
danger that exceeding the 10 and 12% lim-
its may well lead to exceeding the adaptative
ability of the boar organism.



REFERENCES

Allrich RD, Christenson RK, Ford JJ, Zimmerman DR
(1983) Pubertal development of the boar: age-
related changes in testicular morphology and in
vitro production of testosterone and estradiol-
17beta. Biol Reprod 28, 902-909

Basurto-Kuba VM (1993) Correlative analysis of sperm
morphology, seminiferous epithelial area and testis
weight in the boar. Dissertation Abstracts Interna-
tional, B Sciences and Engineering 43, 2821 1

Bielanski W (1979) Rozrdd zwierzqt. PWRiL
Warszawa

Borg KE, Lunstra DD, Christenson RK (1993) Semen
characteristics, testicular size, and reproductive hor-
mon concentrations in mature duroc, meishan,
fengjing, and minzhu boars. Biol Reprod 49, 515-521 1

Brun HP, Leonard JF, Moronvalle V, Caillaud JM,
Melcion C, Cordier A (1991) Pig Leydig cell cul-
ture: a useful in vitro test for evaluating the testic-
ular toxicity of compounds. Toxicol Appl Pharma-
col 108, 307-320

Buchanan DS (1987) The crossbred sire: Experimen-
tal results of swine. JAnim Sci 65, 117-127

Carreau S, Foucault P, Drosdowsky MA (1994) Sertoli
cells. Functional aspects compared in rats, pigs and
man. Am Endocrinol Paris 55 (6) 203-220

Czamecki R, Petkov K, Jacyno E, Lubowicki R, Wejk-
sza D, Owsianny J, Kawecka M, Delikator B,
Delecka A (1991) Ocena przydatnosci nasion bobiku
w iywieniu knur6w i loszek z uwzglgdnieniem ich
przysztej rozrodczoreci. Przeg Hod Zesz Nauk 1,
Ch6w i Hodowla Trzody Chlewnej 37, 169-176

Dubiel A (1987) Wptyw wieku oraz lek6w ukladu
adrenergicznego na odruchy plciowe i wlasciwooeci
nasienia knur6w wybranych ras. Zesz Probl Post
Nauk Rol 340, 121-146

Dubiel A, Stanczyk JF, Karpiakowa Cz, Gutman J,
Jasinski P, Sobiech KA (1992) Wplyw wieku
knur6w na wymiary j4der i naj4drzy oraz wtasci-
wosci plynu j!drowo-naj!drzowego. Zesz Nauk
AR Wroc Wet 51, 105-I 12 2

Frankenhuis MT, Kramer MF, de Rooij DG (1982)
Spermatogenesis in the boar. Vet Q 4, 57-61 1

Fritz Z, Fuchs B, Wiliczkiewicz A, Schleicher A (1992)
Odch6w knurk6w hodowlanych zywionych
mieszankami petnoporcjowymi z udzialem niskog-
likozynolanowej poekstrakcyjnej sruty rzepakowej.
Acta Acad Agricult Techn Olst Zoot 35, 173-181 1

Glogowski J (1993) Wplyw iywienia knurk6w
mieszanka z udzialem bobiku na podstawowe
parametry jakokiowe oraz wybrane wskazniki bio-
chemiczne nasienia. Biul Nauk ART Olszt 2, 165-
167

Houszka M, Dubiel A, Stanczyk J ( 1988) Morpholog-
ical alterations in the testicles and epididymis of
old sterile boars. Medycyna Wet 44, 372-375

Kojima Y ( 1990) Ultrastructure of boar testis: spindle
shape body of spermatid. Nippon Juigaku Zas.shi
52,1057-1062

Kozumplik J ( 1987) Migration of protoplasmic droplets
and phagocytosis of damaged sperm during their
passage trough the efferent ducts in boars and bulls.
Vet Med Praha 32, 343-354

Langenfeld M, Kaczmarczyk J, Kochan E, Tuz R,
Galos M ( 1992) Stan mikroskopowy jqder i

naj4drzy knurk6w hodowlanych w zaieznosci od
poziomu zywienia. Acta Acad Agricult Techn Olst
Zoot35,141-157

Levy H, Deane HW, Rubin BL (1959) Visualisation of
steroid-3beta-ol-dehydrogenase activity in tissues
of intact and hypophysectomised rats. Endocrinol-
ogy 65,932-943

Louis GF, Lewis AJ, Weldon WC, Miller PS, Kittok
RJ, Stroup WW (1994) The effect of proteinintake
on boar libido, semen characteristics, and plasma
hormone concentration. J Anim Sci 72, 2038-2050

Lunstra DD, Ford JJ, Christenson RK, Allrich RD
(1986) Changes in Leydig cell ultrastructure and
function during pubertal development in the boar.
Biol Reprod 34, 145-158

Lyczyfiski A ( 1984) Przydatnosé knur6w do sztucznego
unasieniania na podstawie oceny aktywnosci
plciowej i cechjakosci nasienia. Rocz AR Poznan,
Zoo!)39.)-54

McManus JFA, Mowry RN ( 1960) Staining Methods.
New York

Michalski Z, Polahska E (1983) Charakterystyka
nasienia knur6w w wieku 6-8 miesiecy ras czystych
i mieszafic6w dwurasowych. Rocz Nauk Zoot 10,
11-18 8

Osvath Z, Wekerle L (1989) Histology of testicular
degeneration and atrophy in pigs. MagyarAllator-
vosok Lapja, 44, 85-90

Palmero S, DeMarco P, Fugassa E (1995) Thyroid hor-
mone receptor beta mRNA expression in Sertoli
cells isolated from prepubertal testis. J Mot
Endocrinol 14, 131-134

Payne AH, Youngblood GL (1995) Regulation of
expression of steroidogenic enzymes in Leydig
cells. Biol Reprod 52, 217-225

Piskac A, Drabek J, Halouzka R, Groch L (1982) The
effect of long term administration of aflatoxins on
the health status of male rats and pigs with respect
to morphological changes in the testes. Vet Med
Praha 27, 101-111 1

Shyu JJ, Wu FM, Lin HK (1985) Pathological studies
of the genital system of young boars culled from a
boar testing station. J Chinese Soc Vet Sci 11, 75-84

Stoffel MH, Friess AE (1994) Morphological charac-
teristics of boar efferent ductules and epididymal
duct. Microsc Res Tech 29, 41 I-431 1

Stoffel M, Friess AE, Kohler T (1990) The vasculari-
sation of the epididymis of the boar with special



reference to perfusion fixation. Schweiz Arch Tier-
heilkd 132, 571-579

Stoffel M, Friess AE, Kohler T (1991) Efferent ductules
of the boar - a morphological study. Acta Anat
Ba.sel 142, 272-280

Wallgren M, Kindahl H, Rodriguez-Martinez M (1993)
Alterations in testicular function after endotoxin

injection in the boar. IntJAndrol 16, 235-243

Wystub T, Branscheid W, Paufler S ( 1989a) Scanning
electron and light microscopic studies of the surface
epithelium of the rete testis and epididymis in the

boar. SOY. Rete testis and efferent ducts. DTW
Dtsch Tierarztl Wocheaschr 96, 384-389

Wystub T, Branscheid W, Paufler S ( 1989b) Scanning
electron and light microscopic studies of the surface
epithelium of the rete testis and epididymis in the
boar. RSM. Ductus epididymis. DTW Dtsch Tier-
arzt! Wochenschr 96, 452-459

Yazama F, Nishida T, Kurohmaru M, Hayashi Y (1990)
Deep-etch visualization of the Sertoli cell (blood-
testis) barrier in the boar. Jikken Dobutsu 39, 117-
120


