the initiation of puberty in the rhesus
monkey and that a period of induced nor-
mal pituitary and ovarian function in sex-
ually immature animals does not neces-
sarily entrain continued ovarian cy-
clicity. Furthermore, . our findings
suggest that puberty is normally initiated
by the activation of hypothalamic mech-
anisms that control the pulsatile release
of GnRH into the pituitary portal circula-
tion. What causes this activation after a
long period of prepubertal quiescence,
however, remains to be elucidated.
‘ L. WiLDT*
G. MARSHALL
E. KNOBIL
Department of Physiology,
University of Pittsburgh,
School of Medicine,
Pittsburgh, Pennsylvania 15261
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Histolysis Initiated by ‘‘Lymph Gland’’ Cells of Drosophila

Abstract. In late third-instar larvae and young pupae of Drosophila hydei, the
“lymph gland’ releases cells that migrate through the hemocoel and selectively at-
tach to the basal laminae of transient larval organs. The lymph gland cells contain
many inclusions —in particular, dense bodies, which appear to be secreted at the
attachment sites. Since this process occurs before histolytic changes become appar-
ent, it is suggested that the lymph gland cells initiate histolysis.

In holometabolous insects, two con-
trasting processes occur concomitantly
during metamorphosis: histolysis of the
transient larval organs and histogenesis
of the prospective imaginal organs. Al-
though much is known about the devel-
opment and histogenesis of imaginal
disks, little attention has been directed
toward the process of histolysis. It is still
poorly understood.

Two different views have been ad-
vanced to explain histolysis of larval or-
gans during metamorphosis. First, Pérez
(1) described the breakdown of larval tis-
sues in Calliphora as the result of a di-
rect attack by phagocytic hemocytes.
Second, in Lucilia (2), Drosophila (3),
Sarcophaga @), and Calliphora (5, 6),
initial autolytic changes of the larval or-
gans, including the fragmentation of
muscles (‘‘sarcolyte’’ formation), were
described as occurring independently of
hemocytes and before the latter invade
the tissue.

In a recent review, Rizki (7) empha-
sized that the larval ‘‘lymph gland’’ of
Drosophila is an organ of uncertain func-
tion. Srdi¢ and Gloor (8) studied this or-
gan in Drosophila hydei and concluded
that its role is at the beginning of meta-
morphosis. In this report we show that
the lymph gland plays an essential role in
pupal histolysis.

Morphology and behavior of larval
lymph gland cells were studied in D.
hydei by light and electron microscopy,
in vivo and after removal and trans-
plantation of lymph glands labeled in vi-
tro with [*HJuridine (1 hour; 10 wCi per
microliter of Ringer solution), followed
by autoradiography of 1-um Epon sec-
tions of host flies at different times after
transplantation. The tissue was fixed and
prepared for electron microscopy by
standard techniques. To identify lyso-
somes, the test for acid phosphatase was
carried out (9).

In Drosophila embryos (10) and newly
hatched larvae (8), the lymph gland con-
sists of a few cells on either side of the
aorta behind the brain. Less than 1 day
after hatching, three pairs of cell groups
form. These grow slowly during larval
life in a manner comparable to the
growth of imaginal disks 8). (In D. hydei
larvae we observed a 100-fold linear in-
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crease in the size of the lymph gland be-
tween the first and the late third instars.)
Twenty hours before pupariation, the
lymph gland begins to release its cells,
called oenocytoids (11, 12). At the end of
the larval stage, 10 percent of all cells
floating in the hemolymph are oenocy-
toids (8). The release process continues
until 2 days after pupariation, when all
cells are liberated and the lymph gland
disappears.

Inside the lymph gland, the cells form
arelatively compact mass surrounded by
a distinct basal lamina (Fig. 1A). All cell
nuclei are euchromatic and contain a
large nucleolus. The cytoplasm is char-
acterized by a well-developed, rough
endoplasmic reticulum, abundant Golgi
elements, and two types of vesicles. Be-
sides many electron-transparent vesi-
cles, a strikingly large number of dense
bodies are present. These show a strong-
ly positive reaction in the acid phospha-
tase test, which indicates that they are
lysosomes (Fig. 1C). The dense bodies
are often arranged in rows and form ex-
tensive cisternae, which branch at their
periphery. These structures are similar
to the GERL (Golgi endoplasmic reticu-
lum lysosomes) in granule-forming verte-
brate secretory cells (/3). In lymph
glands of middle third-instar larvae, the
same cells contain few, if any, dense
bodies. However, small vesicles with
dense cores are often present at the
forming face of the Golgi stacks (Fig.
1B). Such vesicles are also observed in
lymph gland cells at more advanced
stages and in oenocytoids in the hemo-
coel. They seem to represent an early
stage of dense-body formation.

Lymph glands from late third-instar
larvae were labeled as before and inject-
ed into the posterior parts of larvae of
the same age. Autoradiography of 1-um
Epon sections from the hosts enabled us
to identify, in the hemolymph, single
cells from the donors. About 10 hours af-
ter transplantation, labeled cells were
present throughout the body cavity of
each host. The labeled cells selectively
attached to the basal lamina of transient
larval tissues; for example, the abdomi-
nal and thoracic muscles, tracheae, and
fat body (Fig. 1, D and E). In the hosts,
the basal lamina of the muscles often ap-
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peared less rigid at the sites where a
lymph gland cell had attached (Fig. 1F).
The attached cells contained many dense
bodies, electron-transparent vesicles,
and large, irregularly shaped vesicles
with a floccular, electron-dense content.
The latter vesicles bulged out at the pe-
riphery of each cell, where they probably
discharge their contents (inset in Fig.
1F). This suggests that stored lytic en-
zymes (including acid phosphatase), des-
tined to attack the lamina and plasma
membrane of the target tissue, are re-
leased when a target organ is contacted.
Macrophages in vertebrates also dis-
charge lysosomal enzymes on contact
with immunologically recognized target
surfaces (/4). In an early pupa (11 hours
after pupariation), we observed that the

basal lamina was absent at most places
along the larval muscles and that marked
lymph gland cells were now attached di-
rectly to the plasma membrane of the tar-
get tissue (Fig. 1G). As the pupae grew
older, fewer intact labeled lymph gland
cells were present in our autoradio-
graphs. Instead, there were numerous
small fragments of cytoplasm and some
almost cytoplasm-free nuclei. The frag-
ments still showed the typical cyto-
plasmic structures of lymph gland cells,
as is shown in Fig. 1. Since fragmenta-
tion of formerly ellipsoidal or spindle-
shaped cells would increase the surface
area of the cytoplasm, resulting in an in-
creased rate of secretion, we assume that
this phenomenon is part of the normal
behavior of the cells. Thus it seems that

in fulfilling their task, the cells dis-
integrate. Indeed, 2 days after puparia-
tion, very few cells and cell fragments
were observed in the hemocoel and the
lymph gland itself in both control and ex-
perimental flies.

During metamorphosis of D. hydei,
hemocytes begin to enclose and phago-
cytize muscle and other larval tissue
fragments within 10 hours after puparia-
tion. Our autoradiographs did not show
any labeled phagocytic hemocytes. The
labeled lymph gland cells were devoid of
even small phagocytic vacuoles, such as
were present in most hemocytes. More-
over, when dead yeast or ink was inject-
ed into third-instar larvae, the lymph
gland cells failed to phagocytize any of
these particles, which most of the hemo-

Fig. 1. (A) Cells at the periphery of a lymph gland in a late third-instar larva of D. hydei. Numerous dense bodies (d) and electron-transparent
vesicles (v) are present in the cytoplasm (b/, basal lamina; nu, nucleus). (B) Vesicles with dense cores (arrow) at the forming face of the Golgi
stacks (g) in the cytoplasm of a lymph gland cell in a middle third-instar larva (m, mitochondria). (C) Reaction to test for acid phosphatase activity
in a lymph gland cell of a late third-instar larva. The reaction product (arrows) is specifically located over the dense bodies. (D) A labeled lymph
gland cell (see E) attached to the basal lamina of a larval muscle (mc) at the time of pupariation (v, electron-transparent vesicles). (E) Light
micrograph of a 1-um section shows the identical labeled lymph gland cell (arrow) as in (D) (mc, larval muscle; c, cuticle). (F) Detail of a
transplanted, labeled lymph gland cell that attached to a muscle cell of a late third-instar larva. The basal lamina of the muscle is discontinuous at
some places (arrows). Inset: A large, irregularly shaped vesicle (iv) with a floccular, dense content ready to be discharged (arrow) toward the
basal lamina of the target organ. (G) A labeled lymph gland cell attached to a larval muscle 11 hours after pupariation. The basal lamina along the
muscle is absent and the lymph gland cell is attached directly to the plasma membrane (arrow).
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cytes enclosed vigorously. Therefore,
any participation of lymph gland cells in
phagocytosis may reasonably be dis-
missed. Rather, we suggest that these
cells are exclusively responsible for the
initiation of histolysis. In this view, the
organ would prepare larval tissues for
the subsequent steps in histolysis, such
as phagocytosis. The means by which
the lymph gland cells recognize their tar-
get tissue and the nature of the signals
triggering the release of lytic enzymes re-
main to be clarified.

Various roles have been attributed to
the lymph gland (7). The present study
would appear to rule out phagocytosis
(3, 15). Nor did we find any support for
melanin deposition in imaginal disk de-
velopment of the eye, stimulation of
imaginal primordia during metamor-
phosis, formation of the mesodermal
parts of the imaginal appendages (/6),
and larval hematopoiesis (/7, 18), thus
confirming our previous conclusions (8).
However, it is interesting to note that
Gateff (18, 19) found, in a hereditary ma-
lignant blood neoplasm of D. melanogas-
ter, I(I)mbn, that the lymph gland cells
attack and histolyse the imaginal disk
epithelia in situ. Moreover, when parts
of such lymph glands were injected into
normal adult hosts, various tissues were
attacked, including flight muscles. These
observations allow us to suggest that mu-
tant lymph gland cells, in addition to
having uncontrolled proliferation and
possibly disturbed target specificity, may
have increased histolytic potential.

In Calliphora, cells similar to the
lymph gland cells of Drosophila were ob-
served by Crossley (20) and by Zachary
and Hoffmann (27). They also noted a
strikingly large number of dense bodies
with a strongly positive reaction in the
acid phosphatase test. The ‘‘hematopoi-
etic’’ organs in Calliphora (20, 21) or
other Diptera [Chironomus, Musca, and
Phaonia (22)] which release cells just be-
fore pupariation, could be organs analo-
gous to the lymph gland of Drosophila.

Concerning the initiation of histolysis,
our observations do not support the view
of Pérez (1), who stated that hemocytes
penetrate intact muscles. Nor do we
agree with the concept of an autonomous
autolysis of muscles during metamor-
phosis, as proposed for Lucilia (2),
Drosophila (3), Sarcophaga @), and
Calliphora (5, 6). We propose that lymph
gland cells are responsible for initiating
histolysis of transient larval tissues be-
fore these are fragmented and phago-
cytized. Our observations point to a pre-
histolytic or clastic action of a specific
type of cell as an indispensable first step
in histolysis. Thus the term ‘‘lymph
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gland”’ should be changed according to
the function of the organ upon confirma-

tion of our prediction that similar histo-

lytic organs will be identified in other
holometabolous insects.
ZIVKO SRDIC
CHRISTOPH REINHARDT*
Department of Genetics, University of
Geneva, 154 Rue de Malagnou,
Geneva, Switzerland CH-1224
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Brainstem Catecholamine Neurons Are Target Sites for

Sex Steroid Hormones

-Abstract. Sex steroid hormones and catecholamines have physiological inter-
actions in the brain. By the combined use of autoradiography and fluorescence histo-
chemistry, steroid hormone target sites and catecholamine neurons were visualized
simultaneously in the same tissue preparation. By this dual localization method,
[*H]estradiol and [*H]dihydrotestosterone target sites were identified in nuclei of
many catecholamine cell bodies in the brainstem, and catecholamine nerve termi-
nals were observed near certain steroid hormone target neurons. These results sug-
gest close anatomical interrelations between steroid hormone sites of action and
catecholamine sites of production and action in the brain.

Sex steroid hormones and catechol-
amines have physiological interactions
in the central nervous system (CNS)
(1) that appear to play a significant role
in the regulation of a number of phys-
iological processes, including ovulation
(2, 3), copulatory behavior ¢), and blood
pressure (5). It is not known, however,
where and how sex steroids and cat-
echolamines interest in the CNS. In
order to answer these questions, we
developed a formaldehyde-induced fluo-
rescence (FIF)-autoradiography tech-
nique that locates catecholamines and
sex steroids simultaneously in the same
tissue section (6).

Through autoradiography alone, estro-
gen and androgen target sites in rat brain
have been located (7). Comparison of

‘these steroid hormone target sites with

catecholamine mapping data (8) suggests
anatomical overlap between sex steroid
target sites and catecholamine neuronal
systems. In the present investigation,
the FIF-autoradiography technique was
used to locate concentrations of the fe-
male sex hormone 17B-estradiol and the
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male sex hormone Sa-dihydrotestoster-
one in relation to brain catecholamine
systems in male and female rats. Estra-
diol was selected because its influence
on CNS catecholamines is widely ac-
knowledged; and dihydrotestosterone
was chosen because it is an active testos-
terone metabolite that is not converted
to estrogen and thus acts as a true andro-
gen (9).

Two types of morphological relations
between steroid hormone target sites and
catecholamine neurons are described: (i)
sex steroid hormones are concentrated
in nuclei of catecholamine neurons and
(ii) steroid hormone target neurons are
surrounded by catecholamine terminals.
This suggests that sex steroids directly
influence catecholamine neurons by ex-
erting genomic effects at nuclear sites (7)
and that catecholamine neuronal sys-
tems influence steroid hormone target
neurons by direct innervation of steroid
hormone target neurons.

Six male and six female 60-day-old
Holtzman rats were gonadectomized; the
male rats were also adrenalectomized and
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