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INTRODUCTION

A couple of months ago the organizers
of the present Conference asked me to
deliver an opening address, which would
review the development of comparative
endocrinology in Europe, particularly with
reference to my own work and experiences.
Of course I accepted this invitation with
very much pleasure; nevertheless I made
one objection: the original theme would
take too much time. Thus, T will only
speak about spectacular discoveries in the
endocrinology of sex in Vertebrates, a sub-
ject about which I have witnessed amazing
development during the past four decades
and to which my co-workers and I have
contributed some new facts. Consequently
my address will bear a very personal
character.

CASTRATION- AND GONAD-TRANS-
PLANTATION EXPERIMENTS

When surveying the development of the
endocrinology of sex, I have to go back,
strictly speaking, to 1849. In this year,
Berthold concluded from his experiments
on autotransplantation of testes in cocks,
that the influence which the male gonad
exerts on the body is not, as was generally
accepted, mediated by the nervous system,
but must be ascribed to changes in the
blood that runs through the testes.

Berthold’s work, however, fell into ob-
livion, and scientific research into the
endocrinology of sex did not begin until
the end of the last or the beginning of the
present century. As this research was al-
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most exclusively earried out by medical
investigators, mammals were mostly chosen
as experimental animals; some work, how-
ever, was also done with representatives
of other Vertebrate classes; among these
studies the castration experiments of Stei-
nach (1894, 1910) and of Nusshaum (1909)
with frogs may be mentioned.

Many scientists are of the opinion that
Steinach’s well-known papers on hetero-
sexual gonad transplantation in mammals
(1912, 1913} were the immediate cause of
the fact, that after 1913, endocrinological
investigation into sex problems became
one of the most interesting fields of zoolog-
ical research. Brilliant work on this subject
was then carried out by Pézard, who pub-
lished during the beginning of the present
century (Pézard, 1912, 1918) the results
of heterosexual gonad transplantations in
the fowl, and who showed inter alia, in
experiments in which he obtained “gynan-
dromorph” feathers, how readily the
feather-follicles react to the injected hor-
mone {Pézard et al., 1926).

At about the same time Zawadowsky
(cf. 1922) stressed the fact that not all
secondary sex characteristics are under the
influence of the gonads but that some are
dependent on the sex hormones, while
others are independent of them. For in-
stance, the beautiful permanent male plum-
age of the coeck of our common fowl breeds
1s an independent characteristic, whereas
the simple plumage of the hen is depend-
ent on the ovary. The head-furnishings as
well as the male and female behavior and
temperament, are, however, dependent
characteristics in both sexes,

As fleld-ornithology has been a hobby of
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mine since my youth and onwards, it was
a matter of course that, when planning to
carry out castration investigations into
birds, I chose wild bird-species as experi-
mental material, after some experiments
with male and later also with female tur-
keys (van Oordt and van der Maas, 1929;
van Oordt, 1933).

It then turned out that the beautiful
periodical breeding dress of the male ruff
(Philomachus pugnaz) is a dependent sex
characteristic {van Oordt and Junge, 1936)
and that the summer plumage of the black-
headed gull (Larus ridibundus), a so-called
ambosexual characteristic that develops in
spring in both sexes, is, as far as the male
sex 1s concerned, dependent on the testes
(van Qordt and Junge, 1933). Later Noble
and Wurm (1940) found that in the female
American laughing gull (Larus atricilla),
a close relative of our black-headed species,
the ambosexual characteristics are depend-
ent on the ovary. Moreover, these workers
showed that the development of these
characteristics in the female gull is caused
by testosterone, secreted by the ovaries, an
interesting illustration of the fact that in
mammals and in birds the gonads of both
sexes secrete male as well as female sex
hormones.

SOURCE AND ASSAY OF THE MALE
SEX HORMONE

Another object which has interested me
for years is the source of the sex hormone
in the Vertebrate testis.

Those of us belonging to the older gen-
eration will certainly remember the contro-
versy about the function of the interstitial
or Leydig cells of the mammalian testis
with Steinach (1912) and Lipschiitz (1919)
on one side, and Stieve (1921) on the other.
Nowadays, we are convinced that these
cells are, in mammals and in birds, the
producers of the male sex hormone.
Amongst the evidence on which this view
is based, is the fact that in experimental
cryptorchidism the epithelium of the semi-
niferous tubules of the mammalian testis
degenerates, whereas the Leydig cells re-
main intact and the sex characteristics
show no sign of male hormone deficiency
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(Bouin and Ancel, 1903) and that this is
also the case after vaso-ligation or ex-
posure to heat. Moreover, the Leydig cells
are stimulated by the administration of
interstitial cell stimulating hormone (ICSH
of LH) or chorion gonadotropin to hypo-
physectomized mammals and birds, or to
young mammals and birds or to birds out-
side the breeding season. Simultaneously
the accessory sex organs and other sex
characteristics show excessive development
(Sluiter, 1945; Sluiter and van Qordt, 1947,
1949). It is thus an established fact that
in homoiothermous Vertebrates the Leydig
cells produce and secrete the male sex
hormone.

In cold-blooded Vertebrates the problem
of the source of the male sex hormone is
certainly much more complicated. One rea-
son for this is that it is sometimes difficult
or even impossible to establish a correla-
tion between the number or even the pres-
ence of Leydig cells and the development
of ecertain sex characteristics [van Oordt
(1924), in Gasterosteus]. Further, in some
fish-species with well-developed sex char-
acteristics Leydig cells are absent from the
testes when these characteristics develop
[e.g., in Xiphophorus; van Oordt (1925)].
Recent investigations, however, have shown
that the Leydig cells of some cold-blooded
Vertebrates have a function similar to that
observed in mammals and birds. To obtain
further information, cytological investiga-
tions with modern techniques are now be-
ing carried out {de Kort, unpublished).

In concluding this section on testoster-
one, it should be recalled that the investi-
gations into the influence exerted by the
testes on the head-furnishings of the cock
led Gallacher and Koch (1930) and Freud
et al. (1932) to devise a method by which
the male sex hormone can be assayed. This
method makes use of the fact that the
growth of the head-furnishings that follows
the injection of testosterone into castrated
cocks, 18 a quantitative measure of andro-
genic activity. In this connection T will
also mention the fact that when the tes-
ticular hormone was first isolated in pure
form from bull testes in 1935 by David
et al., the same assay method was used.
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EXPERIMENTAL SEX INVERSION

One of the milestones of sex-investiga-
tion was undoubtedly the explanation of
the origin of the freemartin by Keller and
Tandler (1916), and independently by Lil-
lie (1916, 1917). This was followed by the
appearance of many important contribu-
tions to the physiology of sex.

In 1923 it was shown by Harms and in
1924 by Ponse that after extirpation of the
testes of male toads (Bufo bufo) these ani-
mals can change their sex, as their rudi-
mentary ovaries (or Bidder’s organs) can
then develop into functional ovaries. More-
over, Crew (1923) showed that as a result
of a tubercular tumor in the left ovary of
a hen the right, rudimentary gonad devel-
oped into a testis, and subsequently Benoit
(1923), Zawadowsky (1926) and others,
among whom especially Domm (1927,
1931) must be mentioned, obtained a com-
plete sex inversion in chickens after ex-
cision of the left ovary, the right rudimen-
tary gonad developing into a testis-like
organ,

When some years later pure horimone ex-
tracts and even synthetic hormones became
available, a great number of investigations
were carried out with the aim of obtaining
complete sex inversion or freemartin phe-
nomena. It would take too long to mention
these experiments in detail: it is sufficient
to refer here to the work of Dantschakoff
(ef. Dantschakoff, 1941), who was the first
to obtain freemartin effects in mammals by
injecting the hormones into the embryos
in utero, and to the experiments of Wolff
and Ginglinger (1935), and of Willier et al.
(1935) who simultaneously with Dant-
schakoff published papers in which it was
shown that {reemartin phenomena can
easily be obtained by injecting female sex
hormones into genetically male chicken
embryos.

Further, Burns (1925, 1930, 1931) and
Witschi (1927, 1936) succeeded in obtain-
ing sex inversion in parabiotically-united
axolotl-larvae, while Humphrey (1928,
1936) obtained the same result following
the grafting of gonadal primordia in
Amblystoma.

Spectacular results in this field were
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obtained by Gallien (cf. his survey mn 1955
and alse 1956): a total and permanent
masculinization by treating female larvae
of Ranidae with androgens and a compar-
able feminization in male larvae of Uro-
deles and of Xenopus by the use of estro-
gens, Moreover, the sexual functions of
these sex inversed amphibians were en-
tirely normal.

Our own work in this field has been very
limited; in a study of the influence of
dehydroandrosterone on the gonads of sex-
linked chicken embryos, derived from a
cross between Brown Leghorn cocks and
Light Sussex hens, it was shown (van Oordt
and Rinkel, 1940) that this hormone has
in genetically male embryos the same in-
fluence as estrone.

FETAL HORMONES OF REPRODUCTION

It is generally known that Keller and
Tandler (1916) and Lillie (1916, 1917)
came to the conclusion that the freemartin
is the female fetus of heterosexual cattle
twins, and that it has been masculinized
by the sex hormone of the male co-twin
as a result of the allanto-choria of both
fetuses becoming united at an early devel-
opmental stage, with the consequent estab-
lishment of vascular anastomoses between
the two fetuses. Thus, in the freemartin
well-developed Wolffian ducts and scrotal
sacs may be found, whereas the ovaries are
sterilized or may even be converted into
testes (Willier, 1921). This implies that the
male fetus secretes its sex hormone prior
to the secretion of the female embryolog-
ical sex hormone, and that accordingly only
the female fetus is affected.

Consequently, the explanation of the
development of the bovine freemartin
postulates the existence of fetal sex hor-
mones, a hypothesis which has, however,
been strongly criticized by Moore (1943,
1947) who castrated juvenile opossums
which, being still in possession of many
fetal characteristics, had very recently
entered the marsupial pouch. Moore failed
to find any change in his experimental ani-
mals, and on this ground he denied the
existence of fetal sex-hormones,

Some years later, however, Jost (1947,
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cf. also 1961) proved by castration experi-
ments that the testis of the rabbit embryo
does undoubtedly secrete a hormone. He
showed that, if male rabbit embryos were
castrated in utero before day 21 of preg-
nancy, the Wolffian duets and the struc-
tures developing from them did not
develop. If, however, the operation was
carried out after day 24, then it had no
effect. Moreover, Wells (1947, cf. 1959)
obtained a distinct reduction in the num-
ber of interstitial cells of rat fetuses, fol-
lowing pituitary gland deprivation by
decapitation, thus showing that in the fetal
rat a gonadotropic action is also present.

DISCOVERY OF FEMALE SEX HORMONES

A paper, which was the basis of ex-
tremely important progress in the study
of the endocrinology of reproduction in
mammals, was that of Stockard and
Papanicolaou (1917). These authors de-
seribed the differences in vaginal smear of
estrous and non-estrous guinea-pigs, and
were able to correlate changes in the
vaginal epithelium with phases of the
ovarian cycle. This correlation made it
possible to assay the estrogenic activity of
ovarian extracts, and led to Edgar Allen
and Doisy’s discovery (1923) of an ovarian
substance which was able to change the
epithelium of the vagina of a castrated
rat into the estrous condition.

The interest which was aroused by the
finding of this first ovarian hormone de-
layed biochemical investigations into the
gecond mammalian female sex hormone,
progesterone, and it was some years before
Corner and Willard M. Allen (1929) pre-
pared an extract from hog corpora lutea
that caused the endometrium to pass over
from the proliferation phase into the secre-
tion phase.

Having mentioned the mammalian cor-
pora lutea I will now briefly diseuss the
nature of the pre-ovulation corpora lutea,
which are of wide occurrence in fish, and
were described for the first time in the
bitterling (Rhodeus amarus) by Bret-
schneider and Duyvené de Wit (1941).
These workers were of the opinion that the
pre-ovulation corpora lutea secrete a hor-
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mone, the so-called ovoductin, under the
influence of which the ovipositor of the
bitterling lengthens. Though some authors,
for instance D’Ancona (1950) and Hoar
(1955), agree with the concept that the
pre-ovulation corpus Iuteum has a secre-
tory funetion, the nature of its hormone
has never bheen traced. According to some
investigators these structures are merely
corpora atretica without endocrine func-
tion.

PROLACTIN

As we all know the techniques employed
in comparative endoerinological investiga-
tions are more or less similar to those used
in mammalian endocrinology ; in most cases
they have been applied in mammals long
before comparative endocrinologists began
to use them with other vertebrates as ex-
perimental animals. Consequently, the re-
sults obtained with non-mammalian verte-
brates have been interpreted in the light
of those obtained with mammals. In at
least one case, however, the sequence was
reversed: lactogenic hormone (prolactin)
was first found in birds, and subsequently
in mammals!

Although it was already known from
the investigations of Stricker and Griiter
(1929) that in the anterior pituitary gland
of mammals a substance is present which
is capable of inducing lactation if the
mammae are fully developed, Riddle and
Braucher (1931) were the first to show
that in pigeons the crop gland develops in
both sexes under the influence of a hor-
mone from the anterior pituitary; this
hormone, prolactin, proved later to be re-
sponsible also for milk production in the
mammalian milk gland.

Prolactin has wide-spread functions,
which, so far as they are not connected
with metabolism, are all related to repro-
duction: in addition to milk secretion in
mammals, and development of the crop
gland in pigeons, it causes broodiness in
hens, parental eare in mammals, birds and
fishes, and waterdrive in newts; in birds it
also plays a role in the formation of the
brood-patch, and in rodents in the devel-
opment of the corpus luteum of pregnancy
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from the ovulation corpus luteum; in toads
the secretion of the oviducal glands is
under its influence and in male mammals
it is possibly also responsible for the
growth and secretion of the vesicular
glands.

THE GONADOTROPIC FUNCTION OF
THE PARS DISTALIS

One of the greatest advances in the
physiology of reproduction was the dis-
covery of the gonadotropic function of the
mammalian pituitary gland by Zondek and
Aschheim (1927) and independently by
P. E. Smith (1927). Thereupon it became
obvious that the secretion of gonadotropic
hormones in the pars distalis is impaired
by the gonads, and that after castration
the pars distalis produces more gonado-
tropic substance than under normal condi-
tions. This again led to Moore and Price’s
explanation (1932) of the so-called com-
pensatory hypertrophy of the remaining
gonad following unilateral castration, and
today the concept of a feedback mecha-
nism, with which the gonads control their
own secretion is well-established. More-
over, it is now generally accepted that this
mechanism, though it might directly stim-
ulate the pars distalis, generally acts
indirectly on this part of the pituitary
gland through the intermediation of the
hypothalamus.

Although we are rather well informed
about the gonadotropic influence of the
pars distalis on the mammalian ovary and
on ovogenesis, information about the regu-
lation of spermatogenesis in mammals is
still contradictory in many respects.

REGULATION OF SPERMATOGENESIS

It has been known for a long time that
ablation of the pars distalis in male mam-
mals results in atrophy of the testes: in
most mammals the interstitial cells are
impaired and all cells, with the exception
of spermatogonia and Sertoli cells, disap-
pear from the testis tubules. On the other
hand, it is generally accepted that both
gonadotropic hormones, follicle stimulating
(FSH) and luteinization hormone (LH),
play an important role in stimulating
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spermatogenesis in the intact animal, but
it is difficult to say what particular func-
tion must be attributed to either of them.

From a long series of investigations, in
which hypophysectomized rats were subse-
quently treated with these gonadotropins,
it was concluded by Gaarenstroom and de
Jongh (ef. their survey, 1946) that FSH
regulates the mitotic capacity of the
spermatogonia. As it was already known
from the investigations of Walsh et al
(1934) and others that the degeneration
of the spermatogenetic cells can be pre-
vented, and spermatogenesis maintained by
injection of normal doses of testosterone,
Gaarenstroom and de Jongh, confirming
this, came to the conclusion that the main-
tenance of spermatogenesis depends on the
lengthening of the duration of life of the
sperm cells (maintenance effect), and as-
sumed that the action of FSH on the semi-
niferous tubules is supported by testos-
terone. Normal spermatogenesis in the rat
15, therefore, thought to depend on FSH
and on testosterone, the latter being se-
creted by the Leydig cells under the
influence of LH.

With this in mind, we became very much
interested in studying the regulation of
spermatogenesis in a cold-blooded Verte-
brate with a cyclical spermatogenesis. Our
work resulted in a long series of investiga-
tions on the regulation of spermatogenesis
in Rana temporaria, started by Sluiter and
continued hy P. G. W. J. van Oordt and
his collaborators. P. G. W. J. van Oordt
(1956) began his investigations with a de-
tailed description of the annual spermato-
genetic cycle, which he divided into three
periods, the spermiation, the spermato-
genetic, and the resting periods. He then
confirmed the findings of Gallien (1938}
and of earlier workers in our own labora-
tory (Shuiter et al., 1950; G. J. van Oordt
et al., 1951; P. G. W. J. van Oordt et al,
1952) that in the frog spermatogenesis
depends largely on the gonadotropic activ-
ity of the pituitary gland, and that after
hypophysectomy the primary spermato-
gonia lose their mitotic capacity. During
the resting and spermiation periods, and
during the final part of the spermatoge-
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netic period, however, neither sperm cells
nor spermatogenesis are affected by
hypophysectomy.

During the resting period the germinal
epithelium is highly insensitive to gonado-
tropins, whereas during the spermiation
period and the beginning of the spermato-
genetic period the sensitivity is much in-
creased. As regards the effect of environ-
mental temperature on spermiation and
spermatogenesis, van Oordt showed that
this is different in different seasons, and
that normal spermatogenesis can be sup-
pressed by low temperatures, a result that
he attributed to an abnormally low gonado-
tropic activity of the pars distalis. Addi-
tional light has no influence on spermato-
genesis in the frog, and possibly in other
Anura.

It was further found by van Qordt and
Basu (1960) that spermatogenesis can be
totally blocked in Rana temporaria, fol-
lowing testosterone treatment before or at
the beginning of the spermatogenetic
period. In Rana esculenta, van Oordt and
Schouten (1961) showed in addition that
testosterone retards the formation of sec-
ondary spermatogonia and thus prevents
the strong increase in spermatogenetic ac-
tivity which normally follows high-tem-
perature treatment.

From his results, van Oordt concluded
that the spermatogenetic cycle of Rana
temporaria appears to be regulated by two
cyclie factors: the environmental tempera-
ture, which determines the changes in
gonadotropin secretion by the pars distalis,
and the rhythmical changes in the sensi-
tivity of the germinal epithelium to
gonadotropie hormones, which is inde-
pendent of the external temperature during
a large part of the year. It is likely that
the latter factor represents the inherent
mechanism which was postulated by Wit-
schi in 1924. [For further particulars see
van Oordt et al. (1959) and P. G. W. J.
van Qordt (1960).]

MECHANISM OF SPERMIATION

Another endocrinological advance, from
which comparative endocrinology has prof-
ited, was achieved when certain substances
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with gonadotropic functions were detected
in the urine of the human female during
early pregnancy. This led to the develop-
ment of several procedures for diagnosing
early pregnancy. One of these, the Galli-
Mainini test (1947), has led us to carry out
several purely biological investigations.

It is generally known that the Galli-
Mainini test is based on the fact that under
the influence of gonadotropic hormones the
sperm cells of frogs and toads are released
from the testis tubule walls, and are trans-
ported to the cloaca via the efferent testis
ducts, the kidney tubules and the Wolffian
duct. In 1946 van Oordt and Klomp named
the sperm-release process spermiation, a
word created by analogy with the term
ovulation.

The spermiation process itself, that of
mammals included, has not attracted much
attention from a physiological point of
view, and only very few investigators have
dealt with it. At Cold Spring Harbor (van
Oordt et al, 1959) we described how
spermiation possibly took place in Rana
temporaria and what the mechanism of this
process might be. Since then van Dongen
et al. (1959, 1960) have established some
new facts.

In the first place it was shown that after
the injection of frogs’ pituitary extract the
water content of the testis increases and
causes a distension of the tubules. Simul-
taneously, the metachromatic substance,
which is normally present in the lumen of
the tubules along the tails of the sperm
cells, disappears. Van Dongen is, therefore,
of the opinion that the uptake of fluid by
the testis tubules from the surrounding
blood vessels is the result of a depolymer-
ization of an acid mucopolysaccharide by
which the colloid osmotic value of the testis
tubules is increased.

Because the tubules are closed at one end
and communicate with the efferent duct
system only by very narrow canals, the
testis tubules may be regarded as a nearly
closed system. Now the walls of these
tubules contain elastic fibers (van Dongen,
Draisma, and de Kort, 1959) ; consequently
the elasticity of the tubule wall gives rise
to an increasing counterpressure on its con-
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tent, followed by a considerable discharge
of fluid from the tubules. The sperm bun-
dles, which are connected with the Sertoli
cells and are situated almost perpendicu-
larly to the tubule wall, will be loosened
from the Sertoli cells by this fluid stream,
and will then be carrled away passively
into the direction of the efferent ducts. The
acid mucopolysaccharide concerned is
thought to be hyaluronic acid.

Spermiation, therefore, is possibly initi-
ated by depolymerization of hyaluronic
acid into its constituent elements, the latter
process being followed by an uptake of
fluid into the testis tubules from the sur-
rounding blood capillaries. It is thought
that under natural conditions the break
down of hyaluronic acid takes place under
the action of hyaluronidase, and that this
process is regulated by a hypophyseal
hormone.

FUNCTION OF THE VARIOUS CELL TYPES
OF THE PARS DISTALIS

Especially after World War II, en-
docrinologists became very interested in
establishing the functions of the various
cell types of the pars distalis. To my regret
1 am not able to treat this problem fully.
There are still so many controversies, and
the nomenclatures used are so different
from each other, that it is usually very
difficult to compare the various results.
Moreover, it is questionable whether we
are justified in attributing to a certain cell
type of the pars distalis in an amphibian
the same endocrine function as is attrib-
uted to an apparently similar cell type in
a mammal!

In our laboratory, P. G. W. J. van Oordt
has started an investigation of this prob-
lem in the common frog, Rana temporaria
(van Oordt, 1961), and has concluded that
the formation of a gonadotropic hormone,
probably FSH, is to be ascribed to an
amphiphilic B-cell. Similar cells were also
observed in the pars distalis of Bufo bufo
and of Xenopus. Further investigations
into this subject will be carried out.

INFLUENCE OF LIGHT

It has been known for a long time that
environmental factors, such as light, tem-
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perature, rainfall and diet, are of primary
importance in determining certain repro-
ductive phenomena.

Here we will especially draw attention to
the epoch-making investigations of Rowan
(1926-1929), who submitted juncos (Junce
hyemalis) during late autumn and winter,
when their gonads are minute, to ever in-
creasing installments of light by adding
several hours of artificial illumination to
the natural winter day-length. He was thus
able to induce in his male birds a pro-
nounced precocious development of the
testes, together with intense spermatogene-
sis, exactly comparable to the same phe-
nomena that occur normally in birds during
spring.

Some years later Burger (1939, 1940)
stressed the fact that it is not actually the
increasing light in spring that is the cause
of the gonad recrudescence, but that the
gonads begin to increase in size and func-
tion when in spring a certain quantity of
light per day is available; in addition, the
intensity of illumination is a factor of
importance.

Numerous species of birds (and also of
mammals) have been subjected to increas-
ing dosages of daily illumination, to light
of different wave lengths, and of different
intensities, and so forth (cf. Bissonnette,
1932; Benoit, 1936, 1937; cf. also Burger’s
review, 1949). All these investigations
demonstrated the great importance of light
as a regulating factor of the sexual cycle
in male birds. In female birds it was found,
however, that the factors inducing gonadal
maturity are much more complex.

It is, therefore, generally accepted now-
adays that photostimulation in spring is
the principal factor inducing spermatogene-
sis in birds. From Rowan’s experiments it
is apparent that the increasing temperature
in spring plays no role, for his birds became
fully mature notwithstanding the fact that
they were kept in the open at extreme low
temperatures of from —20°C to —45°C!

One of the most interesting discoveries
made in eonnection with Rowan’s experi-
ments was the finding that the avian testis
is refractory to light during a certain
period after the breeding season.

In post-war years the refractoriness to
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light has been the subject of many investi-
gations. It has been shown amongst others
by Miller (1948), Wolfson (1952, 1959),
and Laws (1961) that in song-birds this
phase always originates after a period of
gonadal activity, and that during the re-
fractory period gonadal development can-
not be initiated by increased artificial il-
lumination. It is evident, therefore, that
the gonads require a period of rest
and inactivity before resuming breeding
activities.

Neither the site nor the cause of refrac-
toriness are known. All we can say is that
the hypothalamus might be the site of re-
fractoriness as Farner and his co-workers
(cf. Farner, 1962) have found that during
the refractory period a great deal of neu-
rosecretory material is stored in the
hypothalamus.

We can conclude this section with the
statement, that the refractory period is a
very advantageous phenomenon, since it
prevents the continuation of the breeding
condition during the latter part of summer
and during the first autumn months, when
the total amount of light would itself still
be sufficient to induce gonadal maturity.

Our laboratory has contributed only one
investigation into the influence of light on
the testes of birds. This was a scientific
repetition of a traditional procedure ap-
plied formerly in the Netherlands by local
bird catchers to obtain in autumn, live,
singing, male song-birds as decoys. It was
customary to put these birds gradually
into the dark at the beginning of May and
then little by little to expose them to light
again in August, with the result that during
September and October they were in full
song and then were exceptionally suitable
as decoys. It is also known that in Japan
the practice of “yogai” is in vogue; this
consists of exposing ecage-birds (white-
eyes) to artificially inecreased photostimu-
lation towards the close of the year in
order to bring them into singing condition
in January.

Damsté (1947) encaged male green-
finches (Chloris chloris) early in May, and
reduced the daylight in the cages progres-
sively during the course of that month. The
birds were kept in the dark during June,
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July, and the first half of August. From
the middle of August until the end of this
month daylight was gradually admitted
again, and in the beginning of September
the birds were in full song for the second
time. In the middle of October, after some
weeks of sperm production, testis regression
set in. Subsequently his birds were exposed
to increasing electric light from the be-
ginning of December onwards, with the
result that in January they possessed en-
larged testes with sperm-formation, while
at the end of that month they were again
in full song. It is, therefore, possible to
bring song-birds into breeding condition
three times within twelve months by sub-
jecting them to alternate periods of dark-
ness and light. According to Wolfson
(1954) it i1s even possible to induce a
breeding condition in song-birds as often
as five times in the course of one year by
suitable manipulations.

There is still another interesting prob-
lem with regard to the influence of light on
birds.

During the autumn migration countless
birds belonging to many palae- and nearc-
tic species migrate thousands of miles be-
yond the equator. In the southern parts of
all large continents (South Africa, South
America, Australia) thousands of birds
which have bred in the northern parts of
Eurasia and of North America arrive there
to take advantage of the southern spring.

When during our autumn these birds
have crossed the equator, they come into
countries in which the daylight is length-
ening instead of shortening. In the tropical
zone this change of day length is not very
pronounced, but from the Tropic of Capri-
corn southward the days lengthen consid-
erably until about the beginning of Decem-
ber. Thus, after having crossed the equator,
these birds come into areas in which nature
provides the best experimental conditions
possible with respect to increasing periods
of daily illumination, but their reproduc-
tive organs do not react and they do not
breed there!

The question, why northern birds, win-
tering south of the Tropic of Capricorn, do
not react to increasing light during their
stay in these southern areas, may perhaps
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be answered by the following hypotheses
(G. J. van Oordt, 1959) : either these birds
do not react to light at all, because their
periodical reproductive functions are regu-
lated by an internal, inherent rhythm, or
they are refractory to increasing light dur-
ing a period which is so much protracted
(Farner, 1954; Marshall, 1955) that it ends
at approximately the time when in the
southern hemisphere the days begin to
wane. In the latter case their gonads will
not be stimulated before these migrants
have crossed the Tropic of Cancer on their
northward flight.

THE PATHWAY OF THE LIGHT STIMULUS

- It goes without saying that the pathway
along which the light stimulus is conducted
in the body has been studied by many in-
vestigators. The most detailed work with
respect to this has been carried out by
Benoit and his associates. Before dealing
with this problem we have, however, to
mention the concepts of neurosecretion and
of the hypothalamo-pituitary-gonad axis
which have enormously broadened our
view on many fundamental endoerinologi-
cal problems.

More than 30 years ago E. Scharrer
(1928) described the presence of neuro-
secretory cells in the hypothalamus of the
teleost Phoxinus phoxinus. In the hypo-
thalamus of mammals and birds similar
cells are collected into two nuclei on each
side (the n. paraventricularis and the n.
supraopticus) whereas in Anamnia these
are represented by only one nucleus on
each side, the n. praeopticus.

In 1953 Hild and Zetler found that after
sectioning the hypophyseal tract, which
consists of axons originating from cells in
the nuclei mentioned, neurosecretory ma-
terial accumulated at the hypothalamic
side of the section; thus they showed that
the neurosecretory material which was
found in the cell bodies as well as in these
axons moved from the cell body to the
neurohypophysis. The theory that the neu-
rohypophyseal hormones are formed and
secreted by the pituicytes in the neurohy-
pophysis had, therefore, to be abandoned,
and to be replaced by the theory that the
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hormones vasopressin and oxytocin, or
their prohormones, are present in the neu-
rosecretorial material, which is formed in
the hypothalamic nuclei. Thus in the
neurohypophysis the pituicytes play only
a subordinate role.

As regards the anterior pituitary, this is
connected with the hypothalamus by the
hypophyseal portal system (Popa and
Fielding, 1930), in which the blood circu-
lates from the median eminence to the an-
terior pituitary (Green and Harris, 1949) ;
in mammals short capillary loops are
closely related to the distal ends of hy-
pothalamic axons, whereas in birds this
relationship is brought about through axon-
loops running to the portal vessels (cf.
Scharrer and Scharrer, 1954).

It is now generally accepted that three
different releasing factors are transported
from three different areas in the hypothala-
mus to the anterior pituitary, and that in
the anterior pituitary these releasers stim-
ulate specific cells to produce and release
thyrotropic, adrenalcorticotropic and go-
nadotropic hormones, respectively. The
nature of these releasers, however, is not
vet fully known.

In 1936 and 1937 Benoit found, by wrap-
ping juvenile ducks in black sacks, with or
without eyeholes, and then illuminating
them, that the light stimulates the retina,
and that the stimulus is conducted from
the retina via the optic nerve to the hypo-
thalamus; moreover, Benoit (1938) dem-
onstrated by means of a quartz rod fixed
in the empty orbit of a duck that light can
also stimulate the hypothalamus directly.

It is, therefore, ocbvious that under natu-
ral conditions the light stimulus induces
the hypothalamus to secrete its gonadotro-
pic hormone releaser. As it was further
shown that the pars distalis could no longer
be stimulated by light after sectioning
either of the median eminence near the
optic chiasma or of the anterior part of the
hypophyseal portal vessels (Benoit and
Assenmacher, 1959; Benoit, 1962) it is evi-
dent that this releaser must be transmitted
through the portal vessels to the pars dis-
talis, which then in turn is stimulated to
secrete its gonadotropic hormones.
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Finally T will cite Benoit’s statement
that according to experiments in which
immature ducks were kept in darkness
“light is not a necessary stimulus for the
complete development of the duck’s testis.
But, when present, light enhances this
development” (Benoit, 1955, p. 92).

Herewith 1 will conclude my survey in
which I have deseribed some investigations
into the comparative endocrinology of re-
production, carried out in my laboratory.
I hope to have succeeded in treating them
against the background of what are in my
opinion the more spectacular advances in
reproductive endocrinology during the past
50 years. These discoveries were not only
the origin of a wealth of new information,
they gave also rise to our own work. I,
therefore, should like to express here my
gratitude for the privilege my co-workers
and I have had in adding some new facts
to this most interesting field of research. I
should like also to thank the organizers of
this Conference for giving me the oppor-
tunity to read this opening address, which
in this year of my retirement is in some
respect also a farewell lecture.

When opening the First Symposium on
the Comparative Endocrinology of Verte-
brates in Liverpool in 1954 Professor
Pumphrey thought that that Symposium
promised “to be the dawn of a new day for
comparative endocrinology in England.”

Now, eight years later, I can state that
the recent development of our science in
Britain and on the Continent has justified
his prediction; indeed, I am even of the
opinion that a bright sun is now shining
over that new day of comparative endo-
crinology. In the confident expectation that
the forthcoming three days will also stand
in the luster of the rays of this sun, I now
open the first Conference of FEuropean
Comparative Endocrinologists.
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