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VITAMIN A DEFICIENCY AND ITS EFFECT
ON THE SEXUAL ORGANS OF THE BOAR

By
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For a number of years the problems of sterility and reduced
fertility have been the object of detailed investigations and stu-
dies. To some extent it has proved possible to group these afflic-
tions according to whether they were infectious, anatomical or
physiological in origin. Insufficient feeding is, without doubt, a
very frequent cause of infertility as it includes lack of proteins,
mineral substances and vitamins.

When it had been demonstrated that vitamin A was of decisive
significance in the fertility of laboratory animals, rats and guinea
pigs (Wolbach and Howe, 1925, 1928), the importance of the
vitamin for the normal function of testis was investigated in
farm animals including bulls and rams. (Erb et al. 1947, Bratton
et al. 1948, Lindley et al. 1949). The literature on the subject
however, does not seem to contain any information on the effect
of vitamin A deficiency on the sexual organs of the boar.

In earlier investigations on vitamin A requirement, on its
utilization and on deficiency symptoms in pigs (Hjarde et al.
1961), including the teratogenic effect of vitamin A deficiency
(Palludan 1961), emphasis was placed on the effect of the lack
of this vitamin on the ability to the sow to reproduce. However
changes in the male sexual organs were also noted as in young
boars deficient in vitamin A no spermiogenesis could be demon-
strated.

The following investigations were made to further elucidate
the effect of vitamin A deficiency on the sexual organs of the
boar.
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AUTHOR’S INVESTIGATIONS

The experiment included seven boars of Danish Land Race
from two litters; numbers 80, 81, 86, 87 and 88 from one litter
and numbers 89 and 90 from the other. From the age of ten to
twelve weeks the boar piglets were fed with a practically vitamin
A free diet (Table 1). As by far the largest part of vitamin A is

Table 1. Rations of experimental boars.

Body weight Barley Dried skim milk Daily ration
kg. kg. kg. Minerals, g.1)
15—20 0.7 0.25 10
20—25 0.8 0.27 10
25—30 0.9 0.30 10
30—35 1.0 0.33 10
35—40 1.1 0.33 10
40—45 1.2 0.33 13
45—50 1.3 0.33 13
50—55 1.5 0.33 15
55—60 1.6 0.33 15
60—65 1.8 0.30 18
65—70 1.9 0.30 18
70—75 2.1 0.27 20
75—80 2.3 0.25 20
80—85 2.5 0.23 20
85— 2.2 0.23 20

1) 50 % dicalcium phosphate, 30 % calcium carbonate,
18 % sodium chloride, 1.9 % ferrosulphate, 0.1 % cupric sulfate.
The boars were given 400 i. u. vitamin D perorally per day.

deposited in the liver, liver biopsies were made in accordance
with earlier experiments during the entire experimental period
in order to control the A vitamin status (Table 2).

The boars, No. 80 and 88, were each given 0.4 million interna-
tional units of vitamin A at the age of 5 months and further 1.6

Table 2.
Boar Age I. u. vitamin A
No. Months Per g. liver
81 5 42
86 5 34
87 6 22
89 3% 57

90 4% 12,5
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and 0.8 million international units respectively at the age of 9
months. Boar No. 89 received 0.8 million international units at
the age of 7% months. Boar No. 86, after the first testis biopsy,
which will be described later, was given 1.6 million international
units of vitamin A. The other boars, 81, 87 and 90, received no
vitamin A whatsoever.

Throughout the experimental period the growth rate of all
the boars was the same and the characteristic symptoms of vita-
min A deficiency were practically non-apparent. During the last
months of the experiment the hairy coating of the boars with
vitamin A deficiency became less glossy and the skin, to a greater
or lesser extent, was covered with brownish, somewhat greasy
crusts which could be removed without damage to the skin. These
crusts were most pronounced near the eyes and at the openings
of the metacarpal glands. At the age of 10 months boar No. 87
immediately prior to feeding had several general convulsive
attacks, but after these had passed the pig ate one half of the
ration given. These attacks recurred the same afternoon and also
the following morning; between these attacks the boar had an
uncertain lurching gait and was therefore killed the following
morning. Boar No. 90 showed symptoms of pneumonia at the
age of 7 months but was apparently cured by universal anti-
biotical therapy. However in the ensuing months the boar was
subjected to recurrent pneumonia and in two instances to diar-
rhea. Between and after these attacks the boar, as compared to
litter mate No. 89, developed normally but showed signs of
exhaustion and lay in an apathetic state rising only to feed. Such
lethargy and apparent exhaustion are often characteristic symp-
toms of vitamin A deficiency in pigs.

Boars 81 and 88 were killed at the same time, nearly 10
months old and 7 days later boars 89 and 90 aged 9 months were
sacrified (Table 3). Boar 87, as already stated, was killed due
to the increasing attacks of convulsions.

At the time when boars 81 and 88 were killed, 10 months old,
a testis biopsy was performed on their litter mate, boar 86. The
operation was made under universal anesthesia using a liver
harpoon with a diameter opening of 3.5 mm.; about 2 g. testis
tissue was removed from the right testicle. The following day
the boar received an intramuscular injection of 1.6 mill. inter-
national units of vitamin A in an aqueous dispersion. Two months
later a testis biopsy was performed on the left testicle under local
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Table 3. Data of boars.

Sexual organs g

Boar Body  Age Lu.vit.A

No. weight months per g. liver Testes ;’;:ll; (‘:ISIS:L: gll,l(;:;l_- c;xl:;;l-xs
kg. right left total semi- thrales statae
nales
89 C 114 9 208 240 245 485 110 193 98 6.0
90 114 9 <04 73 76 149 77 43 67 7.2
88 C 130 10 525 285 276 561 138 83 50 >7.0
81 130 10 <05 140 157 297 126 55 57 9.0
87 140 10 <03 136 141 277 148 150 107 10.2
80 C 173 13 370 389 394 783 173 156 66 8.0
86 174 13 440 331 273 604 115 115 46 9.5

C: control boars.

anesthesia, and one month after this operation boar 86 and the
control boar 80, both 13 months old, were killed.

From the autopsy boar 90 was found to have a chronic, puru-
lent bronchopneumonia and boar 87, chronic fibrous pleuritis.

In Table 3 are given the ages of the boars when killed, their
body weight, vitamin A content in the liver and the weight of the
testicles and of the secondary sexual glands, except the dissemi-
nated prostate. As may be seen from this table, the weight of the
testes of boars 81 and 87, deficient in vitamin A was one half,
and of boar 90, less than one third of the weight of the testes of
the control boars. In this connection it is also worth noting that
boar 86, which, according to the liver analysis of litter mates,
boars 81 and 87, might be expected to have been vitamin A de-
ficient at the age of 10 months, but which had received this vita-
min 3 months before slaughtering, had a testes weight not essen-
tially lower than the control boar, No. 80.

As seen from the table, the weight of the secondary sexual
organs varied greatly. Moreover there seems to be no charac-
teristic relation between the A vitamin status of the animal and
the size of these glands. However it should be kept in mind that
the weight f. inst. of the seminal vesicle varies greatly, depending
on the fullness of that organ. These figures should therefore be
accepted with some reservation.

For microscopic investigations, samples were taken from all
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Fig. 1. Boar 89. Testis. Normal spermiogenesis and interstitial tissue.
Hematoxylin-Eosin. (magn. appr. 70 X).

Fig. 2. Boar 90. Testis. Vitamin A deficient. No spermiogenesis.
Small tubules and a “compensatory” hypertrophy of Leydig cells are
seen. Hematoxylin-Eosin. (magn. appr. 70 X).

Fig. 3. Boar 89. Tubule from testis shown in Fig. 1. Hematoxylin-
Eosin. (magn. appr. 170 X).

Fig. 4. Boar 90. Tubule from testis shown in Fig. 2. In the small
tubuli only Sertoli cells are present. Hematoxylin-Eosin. (magn. appr.
170 x).
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the organs and tissues. However the following description will
only include the histological findings in the sexual organs. Sec-
tions were prepared of the tissues fixed in formalin and the fol-
lowing stains were made on the histological cuttings: v. Gieson-
Hansen, Hematoxylin-eosin, Sudan III, Nile blue, PAS, the Feul-
gen reaction and the so-called long Ziehl-Neelsen.

Microscopic investigations of testis from the control boars
showed that these were normally developed with active, sper-
matogenetic epithelium (Figs. 1 and 3). In the vitamin A deficient
boars the histological picture of testis varied somewhat in spite
of certain common characteristics, so that the most pronounced
divergences from normal were found in boars 87 and 90, with
slightly less pronounced divergences in boar 81. The number of
tubuli as compared with the control animals was unchanged but
the size of all tubules was considerably below normal (Figs. 2
and 4). The tubules of boar 90 contained almost without exception
cells which must be recognized as the sustentacular cells of Sertoli
(Fig. 4). The basally placed nucleus was triangular to oval in
shape with a pronounced nucleolus and the cells often formed
a syncytium. The cytoplasma contained granules and many
larger and smaller vacuoles were visible in the paraffin wax
sections. In the majority of tubules including boar 87, only Sertoli
cells were found. However in a few tubules it was possible to
demonstrate poorly differentiated spermatogonia and spermato-
cytes. In no cases could spermia be demonstrated in the lumen.
In boar 81 the histological picture was even more heterogenous,
as some tubuli contained only sustentacular cells, while in other
tubuli it was possible to demonstrate the various stages of sper-
matogenesis as well as a content of spermia in the lumen. How-
ever there were always fewer germ cells than normal and they
largely consisted of spermatogonia and the first stages of sper-
matocytes (Fig. 8). Besides spermia in the lumen there were
numerous desquamated cells representing various stages of sper-
matogenesis and also quite divergent cell types in the form of
giant cells (Fig. 9).

The interstitial tissue in testis likewise showed characteristic
changes. In the vitamin A deficient boars proliferation of the
connective tissue was apparent both in the septula of the testis
and around the separate tubules. The number of interstitial cells,
the Leydig cells, seemed to be increased in all the vitamin A
deficient boars. However a count showed that this proliferation



142

was only apparent because of the diminished size of the tubules
and that actually the total number of Leydig cells was of the
same order in both the vitamin A deficient and in the control
boars.

As a rule the interstitial cells are polygonal and sharply defi-
ned with a spherical to ovoid nucleus often placed excentrically.
This nucleus contains one, sometimes two nucleoli as well as fine
chromatin granules generally placed near the nuclear membrane.
The cytoplasma, which is strongly eosinophilic contains many
granules. In boar 90 the Leydig cells were generally below normal
in size and varied in shape from polygonal to rounded, together
with more oblong forms. The size of the nuclei varied and the
chromatin showed a tendency to concentrate in larger granules.
In this boar it was characteristic that the cytoplasma of the inter-
stitial cells was only slightly eosinophilic.

The changes just noted were apparent also in boar 81, but to
a lesser degree. However in the third boar deficient in vitamin A,
boar 87, the Leydig cells were very large with pronounced eosino-
philic cytoplasma.

As already stated, a testis biopsy was made in boar 86 immedi-
ately prior to receiving vitamin A. At that time the boar was 10
months old. By histological examination the relatively small
tubuli were found to contain many Sertoli cells and very few
spermatogonia (Fig. 5). In the interstitial tissue there were
numerous Leydig cells with slightly eosinophilic cytoplasma.
When the boar was 12 months old i. e. 2 months after receiving
vitamin A, a testis biopsy was again performed (Fig. 6). The
single tubuli were now considerably larger in diameter, but the
histological picture of the spermatogenetic tissue varied greatly.
In some tubules, except for Sertoli cells only a few spermatogonia

Fig. 5. Boar 86. Testis. Vitamin A deficient. The tubule shows advan-
ced injury only containing Sertoli cells. Hematoxylin-Eosin. (magn.
appr. 225 X).

Fig. 6. Boar 86. Testis 2 months after vitamin A therapy. The tubule
is of larger size with several layers of germ cells and cellular debris.
Hematoxylin-Eosin. (magn. appr. 225 X).

Fig. 7. Boar 86. Testis 3 months after vitamin A therapy shows

nearly normal histological structure. A few vacuoles are to be seen

between the cells of the germinal epithelium. Hematoxylin-Eosin.
(magn. appr. 225 X).
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Fig. 8. Boar 81. Testis. Vitamin A deficient. A few layers of undiffe-
rentiated germ cells are present. Hematoxylin-Eosin. (magn. appr.
170 x).

Fig. 9. Boar 81. Part of the same tubule as in fig. 8 showing the
sloughing of germ cells together with a multinuclear cell. Hematoxylin-
Eosin. (magn. appr. 420 X).

10

Fig. 10. Boar 80. Normal efferent ductule of testis. Hematoxylin-
Eosin. (magn. appr. 170 X).

Fig. 11. Boar 90. Efferent ductule of testis showing proliferation
and metaplasia of epithelium. Hematoxylin-Eosin. (magn. appr. 170 X).
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were to be seen, but in most of the tubules there were several
germ cells and in a few tubules all the generations of spermato-
genesis. The number of cell layers and the density of the cells
were much below normal. In the lumen there were only a few
sperms, but numerous desquamated cells. As a result of the
growth of the tubules, the interstitial layer formed a smaller
portion of testis than earlier and the Leydig cells had a strongly
eosinophilic stained granulated cytoplasma.

When boars 80 and 86 were Kkilled at the age of 13 months,
some of the tubuli in boar 86 showed a nearly normal histological
picture of the germinal epithelium (Fig. 7). However in some
parts of the testis vacuoles of the cytoplasma were visible and
the spermatogenetic epithelium was not as well developed in
respect to number and density of cells as in the control boar,
no. 80.

Sudan III staining was performed on frozen sections of the
testicles to demonstrate possible lipoids in the Leydig and Sertoli
cells. The result was that neither in the control boars nor in the
vitamin A deficient boars could any content of lipoids in the
Leydig cells be demonstrated. However the Sertoli cells contained
many droplets of fat, mainly located in the basal part of the cells
and so distributed that the lipoid content seemed to be largest in
the vitamin A deficient boars. This is probably because the ger-
minal epithelium was poorly developed in these boars and the
lipoid content of the Sertoli cells dominated the histological
picture.

It is well known that in connection with atrophy of testis,
ceroid pigment is often observed in the Leydig cells. Therefore
a long Ziehl-Neelsen stain was made to demonstrate the pigment.
However in none of the boars was there any positive reaction to
that staining method.

The epithelium in rete testis, normally low columnar, showed
in the vitamin A deficient boars a tendency to proliferation with
cells containing very large nuclei, but poor in chromatin.

In boar 90 very characteristic changes were observed in the
epithelium of the efferent ductules. The epithelium consists nor-
mally of ciliated cells alternating with groups of secreting cells
(Fig. 10), but in boar 90 there was a multilayered proliferating
epithelium with numerous vacuoles between the cells (Fig. 11).
Some eosinophilic lenkocytes could be demonstrated in lumen.

The histological investigation of epididymis comprised of sec-
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tions from the head, the body and the tail. In all portions the duct
was somewhat dilated in boars 81 and 90 and the epithelium
considerably lower than in the control boars, while in the third
vitamin A deficient boar, 87, numerous vacuoles were found in
the epithelium. In all the boars, however, the cells seemed to have
normal secretory function. In the lumen, both in control boars
and in boar 81, sperms were found in all the sections and in boar
81 some desquamated cells were demonstrated. In the two other
vitamin A deficient boars no sperms could be found in the head
or in the body of epididymis, but a few sperms and desquamated
cells were observed in the tail.

By microscopical investigation of the body of the prostate
gland of all the boars, the glandular tissue was found normal
with active secretory epithelium. However, in all vitamin A defi-
cient boars numerous prostatic concretions were found. These
rounded, concentrically built, small bodies of various sizes,
stained strongly blue black in hematoxylin preparations, and
were to be found either intraepithelially or free in the cavities —
often together with desquamated glandular cells.

Neither in the disseminated portion of prostata or in the
Cowpers glands was any deviation from normal observed in the
vitamin A deficient boars and the epithelium by the histological
staining methods used was found to have normal secretory
activity. In the seminal vesicles in boar 90 the glandular epi-
thelium had large nuclei which stained very weakly by the Feul-
gen reaction. In boar 81 the epithelium of the seminal vesicles
showed in some places a tendency to proliferation under forma-
tion of a multilayered epithelium.

DISCUSSION

As early as 1925, Wolbach and Howe published a detailed
account of the pathological effects of vitamin A deficiency in
rats and a few years later (1928) in guinea pigs. These investi-
gators discovered that testis, after foregoing oedema, showed
pronounced atrophy with the result that the tubules only con-
tained cells derived from the sustentacular cells. The cells of the
efferent ductules of the testis increased in number and there
were often large vacuoles between the cells. In the epididymis
the cells became slightly atrophic, but retained their normal
characteristics, whereas the secondary sex glands showed the
sequence of atrophy, keratinization and fibrosis. Very compre-



147

hensive investigations of rats have been made by Mason (1930,
1933), who not only described changes in testis due to vitamin A
deficiency, but also subsequent histological regeneration proces-
ses after later application of that vitamin. This investigator
pointed out that testicular injury was often apparent before the
external manifestations of vitamin A deficiency appeared and
that spermatogenesis frequently persisted in spite of considerable
depletion of the germinal epithelium. The regeneration after
vitamin A deficiency injuries to rats required from five to thir-
teen weeks, which suggests a more serious disturbance in the
germinal epithelium than after inanition. Mason demonstrated
atrophy of the secondary sexual glands in vitamin A deficient
rats but he assumed that this reduction was due to decreased
feed intake of the rats and the resulting lack of energy, protein,
etc.

In the years which have passed since the first investigations
on the effect of vitamin A deficiency on the male sexual organs
of rats and guinea pigs were performed, numerous experiments
have been made, not only with laboratory animals but also with
farm animals f. inst. bulls and rams. Extensive investigations on
cattle have been made by Bratton et al. (1948). In these, by
feeding bulls with a vitamin A deficient ration, an increase of
abnormal spermatozoa in semen was demonstrated and by histo-
logical investigation of testis, degeneration of the germinal epi-
thelium was observed. Madsen et al. (1948) found that semen
production in bulls, fed a diet deficient in vitamin A, continued
even after clinical symptoms of A avitaminosis were very pro-
nounced. The semen showed a marked increase in the percentage
of abnormal spermatozoa and of cellular debris with progressive
decline in mobility. In vitamin A deficient rams, Lindley et al.
(1949) found that the testicles were decidedly smaller than those
in the control rams, the semen produced was of low quality and
histologically degeneration of the germinal epithelium was de-
monstrated.

As stated, the effect of vitamin A deficiency on the sexual
organs of the boar has apparently not previously been made the
object of special investigations, but under other pathological con-
ditions, similar histological changes have been noted in the appea-
rance of testis. In cryptorchid boars Teilum (1950) thus observed
suppressed spermiogenesis, an excessive lipoid content in the Ser-
toli cells, whilst the numerous Leydig cells contained no lipoids
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by Sudan staining. This investigator found by histological exami-
nation in several animal species (dog and cat for instance) a
considerable content of lipoids in the Leydig cells, but, in agree-
ment with the findings in the experimental boars described here,
no lipoids could be demonstrated histologically in the interstitial
cells of young normal boars.

The effect of vitamin A deficiency on the testes of the boar
is not only a quantitative change under guise of a reduction in
size of these organs, but to a far greater extent a qualitative
alteration with decreased or totally discontinued spermatogenesis.
In this connection it should be noted that the histological findings
varied somewhat in the vitamin A deficient litter mates, 81 and
87. Presumably, however, a certain physiological variation will
always be present, even in litter mates.

Two months after vitamin A application to the vitamin A
deficient boar, 86, the appearance of the spermatogenetic epi-
thelium had totally changed. From consisting almost exclusively
of Sertoli cells, some tubules at any rate now included all stages
of spermatogenesis and when the boar was killed a month later
the microscopic findings approached normal even more closely.
It should however be stated that the processes of regeneration
after such a pronounced A avitaminosis, apparently proceeds
rather slowly. This must be expected from the histological ap-
pearance of testis under the deficiency as, of the germinal epi-
thelium, only a very few spermatogonia were to be found.

As already stated, in boars 87 and 90, ten and nine months
old respectively, no spermatogenesis was observed. However in
the tail of epididymis of both boars, sperms and desquamated
cells were demonstrated. Therefore in these boars it could not
be a case of retarded development of spermatogenetic tissue but
an atrophy of the formerly active germinal epithelium.

Again, as already stated, the size of the secondary sexual
glands varied somewhat, but aside from incipient changes in the
epithelium of the seminal vesicle these organs were found to have
an apparently normal secretory function. The degree to which
the rather heterogenous histological picture of the Leydig cells
is expressive of the endocrine function of these cells, is not easy
to determine. However there seems to be a certain relationship
between the appearance of the cells, f. inst. the content of eosino-
philic granules in the cytoplasma and the relative size of the se-
condary sexual glands.
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The concretions in prostata already described, are often pre-
sent in older boars (Ellenberger, 1911). However in this experi-
ment, as they only occurred in the vitamin A deficient boars and
in consideration of the youth of the boars, it may be assumed
that the formation of the concretions is due to vitamin A defi-
ciency, possibly in connection with incipient focal metaplasia
and degeneration of the epithelium of the prostate gland.

In the epithelium of the efferent ducts of testis in boar 90
some proliferation and metaplasia was observed which to a cer-
tain degree resembled the change in the epithelium in the salpinx
in vitamin A deficient gilts described earlier (Hjarde et al. 1961).

Some investigators (Wolbach and Howe, 1928) have called
attention to the fact that in vitamin A deficient guinea pigs there
were pathological changes in semen and in testis before the ani-
mals showed clinical symptoms of vitamin A deficiency. On the
other hand it is stated (Bratton et al. 1948, Lindley et al. 1949)
that production of semen continued in bulls and rams even after
clinical symptoms of vitamin A deficiency were apparent. As
already stated, the vitamin A deficient boars, 81 and 86, appeared
to be clinically normal, but boar 87 and to a lesser degree boar 90,
showed characteristic symptoms of A avitaminosis. This con-
dition, that boars in spite of pronounced degenerative changes
in testis and discontinued spermatogenesis, do not necessarily
show typical symptoms of vitamin A deficiency, may be of deci-
sive importance under practical conditions, where by clinical
examination alone, it is impossible to demonstrate the cause of
deficient semen production.

The important question is to elucidate in which way the
vitamin deficiency causes the testicular changes here described.
There are two main possibilities; it can be an effect of vitamin A
deficiency on the secretory function of endocrine organs or it
may be a more direct effect of the deficiency on the spermato-
genetic epithelium.

In hormone production, interest is primarily concentrated on
the gonadotropic hormones of the pituitary gland, yet the possi-
bility that a change in function of the thyroid gland may be mani-
fested cannot be rejected. Various opinions have been expressed
as to the importance of the anterior pituitary. Mayer and Goddard
(1951) found that injection of gonadotropic hormones in vitamin
A deficient rats stimulated the development of the secondary
sexual organs. They concluded therefore that the cause of atrophy
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of the secondary sexual organs was a failing function of the testis
due to reduced secretion of the gonadotropic hormones. However
Sutton and Brief (1939) reported that gonadotropin secretion
was increased by vitamin A deficiency which was presumably
due to influence of abnormally functioning sexual glands. In
experiments with vitamin A deficient rams already described,
Lindley et al. (1949) demonstrated that injection of testosterone
propionate, or pregnant mare serum, exerted no beneficial effects
on semen production or quality. This also seems to indicate that
neither the gonadotropic hormones or testosterone were of any
great importance for the change in the sexual glands under vita-
min A deficiency. These investigators found cysts in the pituitary
body, but in the boars, here described, no such characteristic
histological changes could be demonstrated.

As was stated in an earlier report (Hjarde et al. 1961), con-
firmed as characteristic by continued experiments, gilts and sows
often had rather long heat periods and a small return rate. This
does not indicate any reduced secretion of the gonadotropic hor-
mones in these animals.

Using a method introduced by Sgrensen (1958), it was pos-
sible to measure the thyroxin secretion by means of I'3! in the
above mentioned boars (Palludan and Sgrensen, 1962). It ap-
peared that the thyroxine secretion of the vitamin A deficient
boars was one half to one third of the thyroxine secretion of the
control boars. It therefore seemed reasonable to investigate the
extent to which this condition affected testis function. Berliner
and Warbritton (1937) found that thyroidectomy in rams re-
sulted in an increase in the number of abnormal sperms and a
decrease in the amount of semen, whereas a subsequent dosage
with thyroxine restored the normal production of semen. How-
ever on the basis of the above and other similar investigations,
there is little reason to believe that the effect of vitamin A defi-
ciency on spermatogenesis is exclusively, or even mainly, due to
a reduction of the hormone production of the thyroid gland.

Several experiments have substantiated the observation that
the pathological changes due to vitamin A deficiency are found
in many epithelial structures and are most pronounced during
the growth and differentiation of the tissues as is seen in fetal
life by many malformations, while in growing and in adult ani-
mals among other disturbances, keratinization of the epitelia
occurs, since some tissues are more vulnerable than others.
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Furthermore there are certain variations from one animal species
to another and even individual differences within the same
species. For instance it is characteristic of many animal species
that vitamin A deficiency has proved injurious to the vaginal
mucous membrane and to the spermatogenetic epithelium of
testis before other symptoms of deficiency are manifested. This
may be due to the more organized and specialized nature of these
epithelial tissues.

By means of tissue cultures Fell and Mellanby (1952) demon-
strated that an addition of an excess of vitamin A has a similar,
but a more rapid effect on the cultivated tissue than the effect
from feeding an animal on a diet with a high vitamin A content.
This, and many similar experiments indicate that the vitamin
affects the various tissues directly. Taking all these observations
and results into consideration it seems correct to assume that
vitamin A will also directly affect the epithelium in the tubules
of testis, either the spermatogenetic epithelium or the Sertoli
cells. These cells comprise of the nutritive element and it is there-
fore possible that a change in the metabolism of the Sertoli cells
could be the actual cause of discontinued spermiogenesis.

ACKNOWLEDGEMENTS
The author wishes to express her best thanks to professor Moust-
gaard for valuable help and to dr. W. Hjarde of the National Vitamin
Laboratory for carrying out the vitamin A determinations.

REFERENCES

1. Berliner, V. & Warbritton, V.: The pituitary and thyroid in rela-
tion to sperm production in rams. Proc. Amer. Soc. Animal
Pro., 30th ann. Meeting. 1937, 137—142.

2. Bratton, R. W., Salisbury, G. W., Tanobe, T., Branton, C., Mercier,
E. & Loosli, J. K.: Breeding behavior, spermatogenesis, and
semen production of mature dairy bulls fed rations low in
carotene. J. Dairy Sci. 1948, 31, 779—791.

3. Ellenberger, W.: Handbuch der vergleichenden mikroskopischen
Anatomie der Haustiere. 1911, 2, 406. Paul Parey, Berlin.

4, Erb, R. E., Andrews, F. N., Hauge, S. M. & King, W. A.: Obser-
vations on vitamin A deficiency in young dairy bulls. J.
Dairy Sci. 1947, 30, 687—702.

5. Fell, H. B. & Mellanby, E.: The Effect of hypervitaminosis A on

embryonic limb-bones cultivated in vitro. J. Physiol. 1952,
116, 320—349.



152

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hjarde, W., Neimann-Sg¢rensen, A., Palludan, B. & Sgrensen, P. H.:
Investigations concerning vitamin A requirement, utili-
zation and deficiency symptoms in pigs. Acta agric. scand.
1961, 11, 13—53.

Lindley, C. E., Brugman, H. H., Cunha, T. J. & Warwick, E. J.:
The effect of vitamin A deficiency on semen quality and
the effect of testosterone and pregnant mare serum on vita-
min A deficient rams. J. Anim. Sci. 1949, 8, 590—602.

Madsen, L. L., Eaton, O. N., Heemstra, L., Davis, R. E., Cabell, C. A.
& Knapp, B.: Effectiveness of carotene and failure of ascor-
bic acid to increase sexual activity and semen quality of
vitamin A deficient beef bulls. J. Anim. Sci. 1948, 7, 60—69.

Mason, K. E.: The specifity of Vitamin E for the testis I. Relation
between vitamins A and E. J. exp. Zool.: 1930, 55, 101—122.

Mason, K. E.: Differences in testis injury and repair after vitamin
A-deficiency, vitamin E-deficiency and inanition. Amer. J.
Anat. 1933, 52, 153—239.

Mayer, J. & Goddard, J. W.: Effects of administration of gonado-
tropic hormone on Vitamin A deficient rats. Proc. Soc. exp.
Biol. 1951, 76, 149—151.

Palludan, B.: The teratogenic effect of vitamin A deficiency in
pigs. Acta vet. scand. 1961, 2, 32—59.

Palludan, B. & Sgrensen, P. H.: Undersggelser over svinenes
A-vitaminbehov. VI. Vitamin A mangel og thyroxinsekre-
tion. Aarsberetn. Inst. Sterilitetsforskn. 1962, 277—283.

Sutton, T. S. & Brief, B. J.: Physiological changes in the anterior
hypophysis of vitamin A-deficient rats. Endocrinology 1939,
25, 302—307.

Sgrensen, P. H.: Jodstofskifte og thyreoideafunktion hos kveg og
svin. 302. Beretn. fra Forsggslab. Kbhvn. 1958.

Teilum, G.: Oestrogen production by Sertoli cells in the etiology
of benign senile hypertrophy of the human prostate. Acta
endocrinol. 1950, 4, 43—62.

Wolbach, S. B. & Howe, P. R.: Tissue changes following depri-
vation of fat-soluble A vitamin. J. exp. Med. 1925, 42, 753—
7717.

Wolbach, S. B. & Howe, P. R.: Vitamin A deficiency in the guinea-
pig. Arch. Path. Lab. Med. 1928, 5, 239—253.



153

SUMMARY

In continuation of a series of experiments on the importance of
vitamin A deficiency for pigs an investigation was made to elucidate
the effect of A avitaminosis on the sexual organs of the boar. The
experiment included seven boars of Danish Land Race from two dif-
ferent litters. Three of the boars were used as control animals, three
were fed a vitamin A deficient diet during the entire experimental
period and a fourth was given vitamin A after having been depleted.
Some of the vitamin A deficient boars showed no clinical symptoms
of A avitaminosis, while one of the boars was killed due to repeated
attacks of convulsions.

Examination of the sexual organs showed that the testicle weight
in the A avitaminotic boars was one half to one third of normal.

By histological investigation, atrophy of the tubules was found
in testis of the A avitaminotic boars as well as discontinued spermato-
genesis, a “compensatory” increase of Leydig cells and in one of the
boars incipient metaplasia of the epithelium in the efferent ducts.

Pathological changes in the secondary glands were not very pro-
nounced. In the body of prostate numerous concretions were found
in the deficient boars and the epithelium of the seminal vesicles
showed incipient degenerative changes.

A testis biopsy was performed on an A avitaminotic ten months
old boar and by histological examination characteristic atrophy of
testis was found. The boar was given vitamin A and two months later
a testis biopsy was again taken. A conspicuous proliferation of the
germinal epithelium was apparent with formation of a few sperms.
‘When the boar was killed a month later, the epithelium of the tubules
was found to be nearly normal.

The cause of the characteristic changes in testis is discussed and
the conclusion drawn that vitamin A, in all probability, directly affects
the spermatogenetic epithelium.

ZUSAMMENFASSUNG

A-Vitaminmangel und dessen Effekt auf die Geschlechtsorgane des
Ebers.

In der Fortsetzung einer Reihe von Versuchen iiber die Bedeutung
des A-Vitaminmangels fiir Schweine wurde eine Untersuchung mit
dem Ziel ausgefiihrt, den Einfluss dieser Avitaminose auf die Ge-
schlechtsorgane des Ebers zu beleuchten.

Der Versuch umfasste sieben Eber der dinischen Landrasse aus
zwei Wiirfen. Drei von diesen Ebern erhielten wihrend der ganzen
Versuchsperiode A-Vitamin-freies Futter, dem vierten Eber wurde
nach Erschopfung seines Organismus an A-Vitamin dieses Vitamin
verabreicht, wiahrend drei Eber als Kontrolltiere in diesem Versuch
dienten.
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Keiner der Eber mit A-Vitaminmangel zeigte charakteristische
Symptome hierfiir, dagegen musste einer von diesen Ebern wegen
wiederholter Krampfanfille getétet werden.

Die Untersuchung der Geschlechtsorgane ergab, dass das Gewicht
der Hoden bei den A-avitaminotischen Ebern die Hilfte bis zu einem
Drittel des normalen Gewichts betrug.

In den Hoden wurden bei diesen Ebern histologisch Tubuli-
atrophie, aufgehérte Spermiogenese und anscheinend Vermehrung der
Leydig-Zellen sowie bei dem einen der Eber beginnende Metaplasie
des Epithels in den Ductuli efferentes nachgewiesen.

Pathologische Verinderungen in den sekundiren Geschlechts-
driisen traten nur geringgradig hervor. In der Prostata der Eber mit
A-Vitaminmangel fanden sich zahlreiche Konkremente, und das Samen-
blasenepithel zeigte beginnende degenerative Verinderungen.

Eine Testisbiopsie wurde bei einem der Eber mit A-Vitaminmangel
ausgefiithrt, als derselbe 10 Monate alt war, und histologisch war die
charakteristische Atrophie der Hoden vorhanden. Daraufhin wurde
dem Eber A-Vitamin verabfolgt, und die zwei Monate spiter wieder-
holte Testisbiopsie ergab Proliferation des Keimepithels mit Bildung
einer geringen Anzahl von Spermien. Bei der einen Monat spiter er-
folgten Totung erwies sich das Tubuliepithel als fast normal.

Die Ursache der charakteristischen Verédnderungen in den Hoden
wird diskutiert und die Schlussfolgerung gezogen, dass das A-Vitamin
wahrscheinlich seine Wirkung direkt auf das spermiogenetische Epi-
thel ausiibt.

RESUME

A-vitaminmangelens indflydelse pd ornens kgnsorganer.

I fortsaettelse af en rekke forsgg over A-vitaminmangelens betyd-
ning for svin er der udfgrt en undersggelse med henblik p& at belyse
denne avitaminoses indflydelse p4 ornens kgnsorganer.

Forsgget omfattede syv orner af Dansk Landrace fra to kuld. Tre
af ornerne fodredes A-vitaminfrit i hele forsggsperioden, en fjerde fik
efter at veere udtgmt for A-vitamin dette vitamin tilfgrt, medens tre af
ornerne indgik i forsgget som kontroldyr.

Nogle af de A-vitaminmanglende orner viste ingen karakteristiske
symptomer pi A-vitaminmangel, medens en af ornerne métte aflives
pa grund af gentagne krampeanfald.

Ved undersggelse af kgnsorganerne fandtes, at testikelveegten hos
de A-avitaminotiske orner androg halvdelen til en trediedel af det
normale.

I testis pavistes hos disse orner histologisk tubuliatrofi, ophgrt
spermiogenese og tilsyneladende forggelse af Leydig-cellerne, samt
hos en af ornerne begyndende metaplasi af epitelet i ductuli efferentes.

Patologiske forandringer i de sekundere kgnskirtler var lidet
fremtreedende. I prostata fandtes hos de A-vitaminmanglende orner
talrige konkrementer, og seedblereepitelet viste begyndende degene-
rative forandringer.
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En testisbiopsi blev udfgrt pad en A-vitaminmanglende orne, da
den var 10 maneder gammel, og histologisk fandtes den karakteristiske
atrofi af testis. Derefter fik ornen tilfgrt A-vitamin, og 2 méneder
senere udtoges atter en testisbiopsi, hvor der pévistes proliferation af
kimepitelet med dannelse af et fatal af spermier. Ved aflivningen en
méined senere fandtes et nsesten normalt tubuliepitel.

Arsagen til de karakteristiske forandringer i testis diskuteres, og
det konkluderes, at A-vitaminet sandsynligvis udgver sin virkning
direkte pi det spermiogenetiske epitel.

(Received October 26. 1962).





