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After stimulation of the platelets by ADP and thrombin a 
marked change occurred in cell appearance and distribu- 
tion (table). After 60 sec, there was centration of organelles 
(obvious in type 1 cells mainly), while after 120 sec the 
granules as well as the cytoplasm of type 1 cells became 
pale and the DTS broke up into microvesicles. In this way 
the reticular cells decreased markedly while the type 3 pale 
cells increased accordingly. The metallophilic type 2 cells, 
although not changing much in percentage, became a little 
paler. Their granules as well as the cytoplasm showed 
decreased electron opacity and the double membrane 
around many granules appeared to be interrupted. 
Heavy metal impregnations performed at pH's of 1, 5.5, or 
7 failed to stain any intracellular structures. 
Discussion. Heavy metal impregnation is thought to cause 
electrostatic interaction between the ionized groups of 
macromolecules and the metal of the ionized metallic salt 12. 
The metals thus behave as cations which in suitable condi- 
tions may replace calcium in different loci. 
The electron density of the heavy metals and the thickness 
of the sections allow the visualization of the polygonal 
tubular network traversing the cell, which is not apparent in 
routinely prepared ultrathin sections of platelets. 
In other cells, metal impregnation at a pH of 3.5 is known 
to stain mitochondria and endoplasmic reticulum 12'13. The 
platelet DTS which originates from the endoplasmic reticu- 
lure of the parent megakaryocyte 5,15 appears to retain the 
same staining properties. It is not clear why not all the ceils 
exhibit the reticular network. Perhaps the natural heteroge- 
neity of platelet structure is responsible. 
The view that differences in platelet size, density, metabolic 
function and reaction to stimuli are caused by aging 16, is 
now modified by the belief that heterogeneity may be 
acquired during platelet production 14'17. It is related to the 
parent megakaryocyte ploidy and is retained to a large 
extent throughout the platelet's life span. With the method 
used here, platelet subgrouping can be given additional, 
morphological expression. 
The changes in structural and metal-binding characteristics 
of activated platelets are noteworthy. A similar change 

from tubules to vesicles has been observed in a study of 
nerve endings with heavy metal impregnation ~2. 
Perhaps, as in nerve endings, in platelets too this change is 
part of a mechanism for the release of substances from the 
DTS. 
The metallophilic cytoplasm, indistinct DTS and only mod- 
erate changes in staining characteristics after activation, 
suggest that the type 2 cells may have a functional mecha- 
nism differing from type 1 cells. 
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Localisation ultrastructurale de l'eestradiol et du moxestrol dans les cellules gonadotropes du rat par immunocy- 
tologie apr~s cryo-ultramicrotomie: caract6risation de la sp6cificit6 hormonale I 
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Summary. Estradiol (E2) was specifically localized by immunocytochemistry in the cytoplasm and in the nucleus of the 
gonadotropic ceils. The immunocytochemical reaction was not observed after injection of moxestrol, but it was not 
modified by injection of testosterone, progesterone, or dexamethasone. These data suggest that E 2 might be bound to a 
high-affinity binding-site which could also have a hormonal specificity. 

La localisation d 'un strroide par immunocytochimie ultras- 
tructurale aprrs cryo-ultramicrotomie est possible dans un 
tissu hrtrrogrne tel que l'hypophyse 2'3. Les variations des 
hormones sexuelles aprrs gonadectomie 4,s et le drplace- 
ment de ces hormones par  des agonistes et antagonistes 5 
font penser que ces molrcules sont fixres h un site de 
liaison. Darts le but de caractrriser la sprcificit6 de cette 
liaison nous 6tudions la sprcificit6 hormonale. 

Materiels et mOthodes, Des rats femelles de souche Wistar 
(IFFA-Credo, France) ont 6t6 rrparties en 2 groupes par 
lots de 2 ~t 3 annimaux. Les animaux du premier groupe 
sont des rattes de 17 jours, qui re~oivent toutes une 
injection de 1 mg d'oestradiol (Sigma):(E2). Le premier des 
13 lots sert de trmoin, les 12 autres lots subissent une autre 
injection de doses croissantes (0,5; 1; 5 et 10 rag/rat) soit de 
progestrrone (Sigma) (P), de testostrrone (Sigma) (T) ou de 
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d6xam6thazone (Sigma) (DXM). Le deuxi6me groupe, 
compos6 de rattes adultes ovariectomis6es en dioestrus 15 
jours auparavant, reqoit une injection de 500 lag de moxes- 
trol (ll-metoxy-6thynyl-~estradiol). Le premier des 4 lots 
sert de t6moin et les 3 autres lots reqoivent respectivement 
et simultan6ment au moxestrol, 1 mg soit de P, de T ou de 
DXM. 
Les animaux sont sacrifi6s I h apr6s les injections par 
d6capitation entre 08.00 et 09.00 h. L'hypophyse pr61ev6e 
est fixde dans le glutaralddhyde 2,5% en solution dans un 
tampon mono-di-phosphate 0,1 M, pH 7,4. Apr6s lavage 
dans le tampon, les fragments sont post-fix6s pendant 1 h 
dans le t6troxyde d'osmium en solution/~ 1% dans le m~me 
tampon. Apr6s un nouveau lavage, les fragments de tissus 
sont incub6s darts le sucrose 0,4 M pendant 30 min puis 
congel6s selon le protocole ddcrit prdc6demment 3. Les 
coupes sont obtenues h une tempdrature de - 120 ~ sur un 
ultramicrotome Ultrotome III LKB 6quip6 du cryokit selon 
la technique de Tokuyasu 6. 
Lors de la r6action immunocytochimique 2 anticorps ont 
6t6 utilisds, un sdrum anti-cestradiol (r6f.3341) et un s6rum 
anti-moxestrol (rdf. 3171). Ces sdrums ne pr6sentent pas de 
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r6action crois6e avec les st6roides utilis6s et les m6tabolites 
de I'E 2. Le s6rum anti-moxestrol ne pr6sente aucune r6ac- 
tion crois6e avec I'E 2. Le complexe antigbne-anticorps 
obtenu apr6s incubation de la coupe 10 rain sur une goutte 
de s6rum, est r6v616 en utilisant le complexe peroxydase- 
antiperoxydase pr6par6 selon Sternberger 7. La r6action 
immunocytologique est r6v616e par le 4-chloro-l-naphtol 
(ICN Pharmaceutical Inc., Plainview, N.Y.) selon le proto- 
cole pr6c6demment d6crit s. 
Les coupes sont contrast6es par l'ac6tate d'uranyl et exami- 
n6es au microscope 61ectronique Siemens Elmiskop 1 A. 
Les r6sultats sont exprim6s suivant la dilution de l'anti- 
corps. Les anti-s6rums sont dilu6s, selon une gamme de 
dilution d'ordre 10, jusqu'~t ce que la r6action immunocyto- 
chimique disparaisse dans les cellules. Les r6sultats sont 
donn6s comme la derni6re dilution qui permet d'obtenir 
encore une r6action immunocytologique (MDA). La valeur 
de MDA a toujours 6t6 d6termin6e par l'examen des 
coupes d'hypophyses de 2 ~t 3 animaux. 
Rksultats et discussion. Dans les conditions de cong61ation 
utilis6es ici, des cristaux de petite taille seulement sont 
visibles (figure 1). Plusieurs types de cellules peuvent 
s'observer du fait de la taille, de l'aspect, de la distribution 
des grains de s6cr6tion comparables ~ ce que l'on observe 
apr6s inclusion dans les r6sines 6poxy: les cellules gonado- 
tropes se reconnaissent h leur double population de grains 
de s6cr6tion. Cette population cellulaire a pu ~tre caract6ri- 
s6e par immunocytochimie apr6s cryo-ultramicrotomie 2. 
Quel que soit l'anticorps utilis6 la r6action immunocytochi- 
mique a toujours le m~me aspect (figure 1). La localisation 
du complexe antig~ne-anticorps est marqude par de petits 
grains denses aux 61ectrons, arrondis, rdguliers, de 30 nm de 
diam6tre minimum. 
L'E 2 peut ~tre localis6 dans les cellules gonadotropes h la 
fois dans le cytoplasme et le noyau (figure 1, encart). Dans 
le cytoplasme la r6action immunocytologique montre I'E 2 
en dehors de tousles organites cytoplasmiques; parfois il se 
rencontre autour des grains de s6cr6tion. Dans le noyau, il 
semble se localiser pr6fdrentiellement dans l'euchromatine 
au voisinage de l'h6t6rochromatine. Ces rdsultats exclus la 
possibilit6 d 'un d6placement du stdroide, car celui-ci se 
ferait au hasard et l 'hormone se rencontrerait 6galement 
dans les organites. La localisation ainsi obtenue confirme 
les r6sultats autoradiographiques 9,~~ De plus des r6cepteurs 
~t I'E 2 ont 6t6 d6crits dans l'hypophyse de rat/~ la fois dans 
le cytosol et le noyau H. 
L'administration d'un st6roide de synth6se: le moxestrol, 
permet sa localisation par immunocytochimie dans les 
m~mes compartiments cellulaires que l'E2, c'est-5-dire la 
matrice cytoplasmique et le noyau. Dans le noyau il se 
retrouve dans l'euchromatine au voisinage de l'h6t6rochro- 
matine. Or dans ce cas I'E 2 n'est plus ddcel6. I1 est connu 
que le moxestrol d6place par comp6tition I'E 2 de son site de 
liaison. Or le moxestrol pr6sente une affinit6 vis-/~-vis du 

Fig. 1. Localisation ultrastructurale de l'oestradiol dans l'ant6hypo- 
physe, a Aspect ultrastructural du tissu hypophysaire apr6s cryo- 
ultramicrotomie (LH-FSH: cellules gonadotropes; GH: cellules 
somatotropes), b Localisation de l'E2 par immunocytologie (~)  
dans le noyau et la matrice cytoplasmique des cellules gonado- 
tropes (N, noyau; m, mitochondrie). 
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Fig.2. Sp6cificit6 hormonale de la liaison de I'E2. Des injections 
croissantes de P, T ou DXM h des rattes ayant re~u 1 mg d'E 2 ne 
modifient pas la dilution maximale du s6rum (MDA) anti-E 2. 
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site de liaison suprrieure h celle de E212 et le drplace 
comprtitivement du rrcepteur hypophysairO 3. 
Une molrcule de synthrse dont l'affinit6 vis-~t-vis du site de 
liaison est suprrieure h celle de I'E 2 drplace I'E 2. Par contre, 
s'il existe une sprcificit6 hormonale, les autres hormones 
st6ro~des ne doivent pas entrainer de modification de la 
fixation de la mol6cule d'E 2. Ceci est montr6 par la figure 2. 
La MDA n'est pas modifi6e par l'injection de doses crois- 
santes d'autres st6roides qui poss6dent leur propre site de 
liaisonl4 t6. De m~me la MDA du s6rum anti-moxestrol est 
de 10 -s, celle-ci n'est pas modifi6e par l'administration de 
P, T ou DXM, confirmant ainsi la sp6cificit6 hormonale et 
la fixation du moxestrol sur le site de liaison de I'E 2. 
Cependant l'utilisation de la MDA ne doit pas ~tre assimi- 
16e h une quantification des r6sultats. Les valeurs obtenues 
n 'ont  pas de signification absolue. Cependant la d6termina- 
tion de cette valeur est int6ressante car elle permet d'appr6- 
cier les variations relatives d 'un st6ro~de dans une cellule 
cible. 
En conclusion, l 'immunocytochimie apr~s cryo-ultramicro- 
tomie permet de localiser des st6roides endog6ne, exog6ne 
ou de synth6se dans un tissu h6t6rog6ne tel que l'hypo- 
physe. La MDA permet d'appr6cier des affinit6s relatives et 
les caract6ristiques des sites de liaison des hormones tel que 
la sp6cificit6 hormonale. 
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Thyroid hormones and cathepsin D activity in the rat liver, kidney and brain 
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Summary. The effect of thyroidectomy and subsequent treatment with tri-iodothyronine (T3) , as well as that of thyrotox- 
icosis, was examined on cathepsin D activity in the rat liver, kidney and brain. Thyrotoxicosis resulted in a generalized 
increase in the enzyme activity in the 3 tissues; the effect of other thyroidal states was diverse and tissue-specific. 

The role of thyroid hormones in regulating microsomal 
protein synthetic activity and mitochondrial energy meta- 
bolism has been extensively studied 1,2. In recent years, 
however, it has become increasingly apparent that thyroid 
hormones may also influence lysosomal enzyme activi- 
ties 3-6. 
Earlier studies from our laboratory indicated a tissue- 
specific regulatory role for thyroid hormones with respect 
to energy metabolism in mitochondria 7 and turnover of 
their protein components 8. It was therefore of interest to see 
whether a similar effect could also be seen in the case of a 
typical lysosomal enzyme, viz. cathepsin D. Results of these 
studies are summarized below. 
Materials and methods. Male albino rats of Wistar strain 
were used throughout these experiments. Thyroidectomy 
was performed on weanling male rats (20-22 days old, 30- 
35 g b.wt) and the animals were allowed to grow for 8-10 
weeks; a periodic record of their body weights and basal 
metabolic rates was kept. Only those animals showing 
considerable decrease in body weight (30-35% decrease) 
and basal metabolic rate (35-40% decrease) were used for 
further studies. Treatment of the thyroidectomized animals 
with tri-iodothyronine (T3) (20 gg/100 g b.wt) was as 
described previously 9. Thyroidectomized animals treated 
with T 3 were sacrificed 48 h after hormone administration. 
Thyrotoxicosis was induced experimentally by giving 
repeated doses of 200 gg T 3 per day s.c. for 5 days to rats 

lO weighing between 150-160 g ; the animals were sacrificed 
on the 6th day. 

Liver and kidney homogenates (10% w/v) were made in 
0.25 M sucrose containing 10 mM Tris-HC1, pH 7.4 and 
1 mM EDTA 7. Of the brain a 20% homogenate (w/v) was 
made in 0.3 M mannitol containing 0.1 mM EDTA, pH 
7.47 . 
Free and total cathepsin D activities were determined 
according to the method of Gianetto and De Duve ~1 at pH 
3.8, using denatured hemoglobin as the substrate. The 
Folin-positive material released in the supernatant was 
estimated according to the method of Spies 12. 
For estimation of the free pool size, separate aliquots of 
homogenates were deproteinized with trichloroacetic acid 
and the Folin-positive material released in the supernatant 
was determined as described above 12. The values are ex- 
pressed in terms of ~tg tyrosine/g tissue. Protein was esti- 
mated by the method of Lowry et aP 3. Student's t-test was 
used to determine statistical significance of differences 
between means. 
Results and discussion. Results on the cathepsin D activities 
in the liver, kidney and brain, as influenced by the thyroid 
status of the rat, are shown in table 1. It can be noted that 
the free cathepsin D activity in the liver decreased signifi- 
cantly (43% decrease) after thyroidectomy, in agreement 
with the report of De Martino et a1.4; and subsequent 
treatment with T 3 resulted in restoring the free activity to 
the level of normal euthyroid animals. In fact, a slight 
increase over the normal value was evident, which, howev- 
er, was not statistically significant. Thyrotoxicosis caused a 
significant elevation (200% increase) of the free cathepsin D 


