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Experimental modification of vitellogenesis
in Japanese quail by trypan blue in vivo
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Summary &horbar; Ovaries of adult Japanese quails were exposed in vivo to the acid bisazo dye trypan
blue (TB) which binds to plasma albumin, the plasma precursor of the yolk protein a-livetin. By a
combination of fluorescence microscopy and electron microscopy a-livetin could be localized in the
subdroplets of intermediary and yellow yolk spheres. Trypan blue alters vitellogenesis in the nondisc region of follicles in rapid growth in a reversible and dose-dependent way. Less yolk is produced over 24 h and its morphology is different when compared to controls. This yolk is similar to
yolk of the germinal disc region where vitellogenesis is known to be inhibited physiologically. Several
ultrastructural features of the germinal disc region are also found in the non-disc region of TBexposed follicles. Our results suggest that the morphology of yellow yolk is linked to the rate of deposition. We propose that the inhibitory action of TB on vitellogenesis can be explained by a defective
receptor-ligand dissociation in endosomes.
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Résumé &horbar; Modification expérimentale de la vitellogenèse par injection in vivo de bleu trypan
chez la caille japonaise. Des ovaires de cailles japonaises pondeuses ont été exposés in vivo au
bleu trypan. Après injection sous-cutanée ce colorant s’attache à l’albumine, lequel est le précurseur
plasmatique de l’a-tivetine, une des protéines constituant le jaune d’&oelig;uf. En combinant la microscopie par fluorescence et la microscopie électronique, nous avons pu localiser l’a-livetine dans les
sphères vitellines compactes des vacuoles de vitellus primordial et dans les grains sphériques des
plaquettes vitellines jaunes. Nous montrons que le bleu trypan modifie la vitellogenèse dans la région végétative des follicules en croissance finale et ceci d’une façon réversible et proportionnelle à
la dose utilisée. La couche de vitellus produite en 24 h est moins épaisse comparée aux contrôles.
Les plaquettes vitellines sont d’une morphologie semblable à celles du disque germinatif, où il a été
démontré que la vitellogenèse est inhibée physiologiquement. Différentes caractéristiques ultrastructurales du disque germinatif sont retrouvées dans la région végétative des follicules exposés au bleu
trypan. Nos résultats indiquent que la morphologie du vitellus jaune est liée à la vitesse de sa formation. L’action inhibitrice du bleu trypan est expliquée par blocage de la dissociation des complexes
formés entre récepteurs et protéines vitellines au cours de l’endocytose.
a-livetine / vitellogenèse / caille / endocytose par récepteurs / traceur

MATERIAL AND METHODS

INTRODUCTION
In studies on vitellogenesis there is a
substantial gap between the detailed
biochemical analysis of yolk components
and the rarity of morphological information
on the ultrastructural localization of different yolk components. Our knowledge
about localization of yolk components is
limited to phosphoproteins: phosvitin and
lipovitellin (Bellairs et al, 1972); the very
low density lipoproteins (Perry et al,
1978a, 1978b, 1979, 1985); and the triglycerides (Callebaut et al, 1991The subcellular localization of a-livetin, one of the
water-soluble yolk proteins, remains to be
understood (Guraya, 1989). Several authors demonstrated that plasma albumin is
the precursor of the yolk-protein a-livetin
(Williams, 1962; Mclndoe and Culbert,

1979).
Rawson (1943) was the first to indicate
that the acid bisazo dye trypan blue (TB) is
strongly bound to plasma albumin after
injection. This property of TB was used in
our experiments to study the subcellular
localization of a-livetin in yolk. TB has
been used repeatedly in the past to study
exogenous vitellogenesis of invertebrates
(Ramamurty, 1964; Telfer and Anderson,
1968; Anderson and Telfer, 1970; Engels,
1973; Wajc et al, 1977; Telfer et al, 1982)
and vertebrates (Korfsmeier, 1966). More
recently the technique was used to study
ooplasmic segregation in vertebrates

(Callebaut,

1983, 1984, 1985, 1987;
al, 1981; Callebaut and
Vakaet, 1981; Callebaut and Sijens, 1985;
Callen, 1986; Danilchik and Denegre,
Callebaut

et

1991).The
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Experimental procedure
pediculated ovarian follicles of
daily-laying Japanese quail (Coturnix coturnix
japonica) reared under continuous artificial light
illumination. We examined the 5 largest yellow
postlampbrush follicles in rapid growth phase
, F
i
(F
, F
2
4 and F
, according to the nomen.
, F
3
clature of Gilbert, 1971) and white postlampbrush follicles in intermediary yolk formation
(according to the staging of Callebaut, 1974).
Twenty-five animals received a single subcutaneous injection of a 1 % (w/v) TB (Serva nr
37252, Heidelberg, Germany) in Ringer solution
24 h before the fixation procedure. This time
interval makes it possible to appreciate the
quantity of yolk produced after the injection in
comparison to the physiological situation (Callebaut, 1983). Comparison of the diameters of
yellow follicles of quails laying at a circadian
rhythm reveals the daily accumulated yolk layer
during the rapid growth phase. Shortly before
ovulation the largest yellow-yolked follicles has
a diameter of approximately 18 mm, the next
follicle has a diameter of 14 mm, indicating an
increase in diameter by yolk accumulation of
4 mm during the last day before ovulation.
These data were confirmed by autoradiographic
experiments in which quails received daily
injections of radioactive tracers; the distance
between labelled yolk layers in a follicle represents the yolk accumulation during a certain 24h period (for example, F
) (Callebaut,
2
3 -> F
1983).
We examined

Doses of 1, 0.7 and 0.3 ml of the 1% solution
compared. Although these doses would
not adversely affect subsequent embryonal development (Callebaut et al, 1981),harmful effect was recently demonstrated after in vitro TB
exclusion test of mouse oocytes (Nijs et al,
1992). Ten untreated birds and 5 birds receiving
the same volume of Ringer solution were used
as controls.
were

Fluorescence

microscopy

was

given

in

a

previous paper (D’Herde

and Vakaet, 1992).
The tissues were fixed for 24 h at room temperature in Heidenhain’s Susa and embedded in paraffin; 6-pm sections were mounted in a fluorescence-free medium (Fluoromount, Gurr, BDH
chemicals Ltd Poole, England). The sections
were examined under a Leitz Orthoplan microscope equipped with a HBO 100 high-pressure
mercury lamp and an incident-light Ploem Opak
illuminator. A 4-nm BG 38 red suppression filter
and a 2-mm KG1 heat absorption filter were
placed in the lamp housing. Blue excitation filters 2 x SP 490 in combination with a chromatic
beam splitter (CBS) with a cut-off at 510 nm (filter setting No 3) were used (Harrison et al,
1981).The chemical interaction between TB
and plasma albumin results in a red fluorescence (Udenfriend, 1962) and permits the detection of TB-marked yolk with high sensitivity. Control ovaries only exhibited a green background
fluorescence. Nomarski interference microscopy
of paraffin sections was used to demonstrate
the shape and internal structure of yolk.

Electron

microscopy

Several authors have used TB

as a

tracer in

electron

microscopy (Trump, 1961; Schmidt,
1962; Lloyd et al, 1968). The tissues were fixed
in a compound-aldehyde fixative containing
glutaraldehyde, paraformaldehyde, acroleine
and DMSO as described previously (D’Herde
and Vakaet, 1992). After an initial fixation in toto
over 3 d, the follicle wall with adherent yolk of
the vegetative pole was excised and fixation
continued for another 3 d at 4°C. The tissue
rinsed in cacodylate buffer, post-fixed in 2%
osmium tetroxide in buffer for 5 h at 4°C and
embedded in LX (Ladd, Burlington, V, USA).
Semithin sections were contrasted with toluidine
blue. Ultrathin sections were stained with uranyl
acetate and lead citrate.
was
was

RESULTS

We will report

culogenesis.

our results per stage of folliDefinition of these stages

Fluorescence

microscopy

postlampbrush follicles in intermediary
yolk formation typically show a TB-induced
fluorescence apically in their granulosa
cells. In the oocyte, positivity is found on
intermediary yolk vacuoles beneath the
cortex (fig 1 a).
Comparison with toluidine-blue-stained
The

semithin sections of the same material reveals that the fluorescence is localized on
the dense subdroplets of the intermediary
yolk vacuoles (fig 1 b). No inhibition on
intermediary yolk formation is seen, even
with the highest doses of TB.
In the postlampbrush follicles in yellowyolk formation fluorescence is no longer localized inside the granulosa cells, but between them; this disappears during the last
day before ovulation. The developing vitelline membrane is strongly marked. In the
was found in discrete
inside yellow-yolk spheres (fig 2).
As the first intraoocytal marking of yolk
takes place 20 min after injection of the
tracer (Callebaut et al, 1981 the distance
from the deepest marked yolk layer to the
surface of the oocyte equals the yolk production during 24 h, ie the time between injection of the tracer and decapitation of the
animal. The effect of 0.3 ml TB is reversible in vivo. After the deposition of a layer
of yolk with aberrant morphology a superficial layer of normal morphology is deposited. In this final yolk layer fluorescence is
found as usual on numerous small globules inside the yellow-yolk spheres while
the abnormal layer is localized deeper inside the oocyte (figs 3, 4b). In the experiments with the use of 1 and 0.7 ml TB solution we found a thickness of 100 and 200
pm respectively; in controls a layer of sev-

oocyte, fluorescence
masses

eral mm is produced in the same time interval (Callebaut, 1974). A dose of 0.3 ml
does not significantly reduce the total yolk
production over 24 h (fig 4a,b). A distinct
inverse relation was present between the
tracer dose injected, the diameter of the labelled yolk spheres and the number of discrete fluorescent masses per yolk sphere

(fig 4b,c,d).
Semi-thin sections
and electron

microscopy

fluorescent masses clearly correspond to
the electron-dense subdroplet structures.
The surface of the

oocyte

At the surface of TB-marked follicles (1 ml
and 0.7 ml) we found very few and smaller
coated vesicles when compared to the
controls, where numerous coated vesicles
in the 250-300 nm range were present

(fig 6).
Vitelline membrane

As TB seems to modify only the vitellogenesis of postlampbrush follicles in yellowyolk formation, only this category of follicles was investigated ultrastructurally.

The vitelline membrane after TB administration (1 and 0.7 ml) is thicker than in the
controls and its components present a swollen appearance (compare figs 6a and b).

Yolk

Granulosa

The observations made by fluorescence
microscopy were confirmed. After 0.7-1 ml
TB, yolk spheres were formed with a
smaller diameter and containing few, large

In the basal spaces of the granulosa layer
of F
, F
1
2 and F
3 follicles over the non-disc
region we found clumps of electron-dense
material (fig 6a), as have been described
in the disc region in physiological conditions at all stages and in the non-disc region of mature follicles (Perry et al, 1978c).

subdroplets; some subdroplets having a
signet ring form, as can be observed in the
disc region of controls (fig 5). The discrete

These authors interpreted the accumulation of electron-dense material as resulting
from the reduced rate of yolk uptake which
is typical for the germinal disc region
(Callebaut, 1974). In the experiments with
0.3 ml TB the above-mentioned alterations
were not noted.

DISCUSSION
The

yolk component a-livetin traced by TB
localized in the subdroplet structure of
intermediary and yellow-yolk spheres. It is
important to stress that this localization
was not only found in the experiments
where TB inhibited vitellogenesis, but also
was

after the lowest dose where a temporary
slowing down was followed by a normal
pattern of yellow-yolk deposition. In this
superficial layer where yellow-yolk spheres
have a normal diameter and typical small
are
TBnumerous,
subdroplets
fluorescence was present exclusively in
the subdroplets. Moreover in the postlampbrush follicles in intermediary yolk formation where no inhibition was noted, the
tracer was also confined to the subdroplets.
In the

granulosa

cells fluorescence is

present only 16-24 h after injection, while

intra-oocytal positivity is already detectable
after 20 min (Callebaut et al, 1981Thus
the intracellular localization in the granulosa of the tracer is not a prerequisite for uptake by the oocyte; it simply reflects the
high absorptive capacity of the granulosa
during intermediary yolk formation as we
previously demonstrated with horseradish
peroxidase as a tracer (D’Herde and Vakaet, 1992).
That TB is avidly taken up by the oocyte, while inhibiting vitellogenesis, has
been previously published for various invertebrates. In zebrafish oocytes TB also
inhibits vitellogenesis while accumulating

in the

zona

radiata

study is the first

(Korfsmeier, 1966). Our
report the intraoocytal

to

accumulation of TB and simultaneous inhibitory effect on vitellogenesis in higher
animals. The reversibility of this inhibition
with the use of a single low dose was not
previously shown in in vivo experiments.

By combining fluorescence microscopy
and electron microscopy we could specify
that the morphology of this aberrant yolk
formation is similar to the type of yolk
found in the germinal disc region as described by Bakst and Howarth (1977). It
was shown by autoradiography that vitellogenesis is physiologically inhibited in the
germinal disc region (Callebaut, 1974). Besides morphology of yolk, other features in
the non-disc region of experimental follicles are similar to what is found physiologically in the disc region (Perry et al, 1978c):
i) the accumulation of electron-dense material in the basal spaces of the granulosa
layer; and ii) the structure of the surface
layer of the oocyte, containing fewer,
smaller coated vesicles indicating that the
import of macromolecules by the oocyte is
strongly reduced. These observations suggest that the difference in the morphology
of yolk in the disc and non-disc regions is
probably related to the rate of yolk deposition.
The mechanism by which TB interferes
with endocytotic processes has been the
subject of considerable speculation. Lloyd
et al showed that TB inhibits lysosomal enzymes in vitro and postulated that the wellknown teratogenic, carcinogenic and trypanocidal activities are related to this enzyme inhibition (Lloyd et al, 1968). Anderson and Telfer proposed that in the moth
Hyalophora cecropia TB binds to a follicle
cell product necessary for induction of pinocytosis by the oocyte (Anderson and Telfer, 1970). They later concluded from their
in vitro experiments that in TB-treated follicles an extraordinary amount of unutilized
endocytotic elements accumulates in the

oocyte cortex (Telfer et al, 1982). Electron
microscopy revealed an abnormal cortical
anatomy which is comparable to our findings: few coated pits and vesicles at the
cell surface. Moreover, after reversion of
the inhibition by injections of hemolymph
proteins, swollen endosomes were found
in the oocytal cortex. Such aberrant endosomal structures are also found in experiments with weak bases (also vital dyes)
for which the mechanism of inhibition is
known to be a defective receptor-ligand
dissociation (Wolkoff et al, 1984). Recently
it was shown that TB modulates receptorligand binding in rat heart homogenates
(Gerstin et al, 1992). TB is also used to
block phagocytosis of macrophages in in
vivo experiments (Taradi et al, 1991). The
rationale for its effect as an trypanocidal
drug is still not fully elucidated, but it is remarkable that suramin with the same antiparasitic activity inhibits the fusion of endosomes with lysosomes (Ehlers, 1989).
From our results and these recent data,
the following model is proposed to explain
the inhibitory effect of TB on yellow-yolk
formation which is known to be mainly a
process of receptor-mediated endocytosis
(Perry et al, 1979). The dissociation between receptor and ligand in endosomes
is prevented, resulting in recycling of fewer
receptors to the oocytal membrane, which
explains the presence of fewer, smaller
coated vesicles at the oocyte surface.
When receptor-ligand dissociation is prevented, endosomes cannot deliver their
content to yolk spheres resulting eventually
in aberrant endosomal structures. That viable mouse oocytes undergoing a TB exclusion test have a reduced ability to become fertilized (Nijs et at, 1992) should be
further analysed in this context.
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