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Abbreviations

ACTH

avl

CRF

FSH

Gn-RH

GV

HRP

5~-0HDA

IF

LH

1rr!)

SEM

TRH

1)

adrenccorticotropic hormone, an anterior pituitary hormone

agranular vesicle(s) or microvesicle(s), neuronal vesicle(s)
about 50 nm in diameter which after fixation with aldehyde-
osmium tetroxide are electron~lucent and which resemble synaptic
vesicles. After incubation with 5-OHDA and fixation with
potassium permanganate, microvesicles in certain axonal swellings

have an electron-dense content. These vesicles are then called
small granular veslcles

corticotropin-releasing factor, one of the hypophysiotropic
substances

median eminence, part of the neurohypophysis

follicle-stimulating hormone, an anterior pituitary gonadotropic
hormone

gonadotropin-releasing hormones, one of the hypophysiotropic
substances

granular vesicle(s), neuronal vesicles of about 60-220 nm in
diameter which after fixation by aldehyde—osmium tetroxide have an
electren—dense content. Such vesicles are after fixation with
potassium permanganate generally electron-lucent, Then, they

are indicated with 'GV',

horseradish peroxidase, an enzyme used here as extracellular
tracer

S5-hydroxydopamine, a 'false' transmitter which accumulates
in monoaminergic varicosities

those hypophysiotropic substances which inhibit release of =
particular anterior pituitary hormone

luteinizing hormone, an anterior pituitary gonadotropic hormomne

luteinizing hormone-releasing factor, one of the hypophysio-
tropie substances (here used as synonym for Gn-RH)

prebability

those hypophysiotropic substances which stimulate release of
a particular anterior pituitary hormone

standard error of the mean

thyrotropin-releasing hormone, one of the hypohysiotropic
substances

only used in Appendix papers



I. INTRODUCTION

1.  PNeurcendccrine relattonships

Adapration of an organism to changes in the external and internal environ—
ment is in vertebrates brought about by two more or less separate inte—
grative systems: the nervous system and the endocrine system. The nervous
system is primarily equipped for rapid and short lived responSes, the
endocrine system for slower but longer lasting ones.

The cells of nervous system and endocrine system have many features in
common but they differ, apart from rapidity and duration of the effects
exerted, in the way they achieve "privacy" (Wurtman, 1970) in their inter-
cellular communication. In the mervous system "privacy'" is attained
primarily by anatomical means whereas chemical messengers, operating over
a long distance, are particularly used in the endocrine system.

In the nervous system, neurons are the cells adapted for reception,
integration and rapid transmission of information. Transmission occurs
along dendrites and axcons, which are elongated parts of the neurcns them-—
selves, and from one cell to ancther at morphologically identifiable
sites of contact, the synapses. Transmission is mediated by a limited num-
ber of substances, neurotransmitters, which are released extremely close
to receptors of the affected cells,

The endocrine system is more lcosely organized. The system mainly consists
of a number of glands of which the anterior pituitary gland occupies, to a
certain extent, a key position. The cells of the anterior pituitary gland
and peripheral endocrine glands are adapted for reception and tranmsmission
of information. The information 1s carried by specific substances, hormones,
which are released into the extracellular space and which are generally
transported by the circulation. In principle, every cell of an organism

can be reached, but only certain cells are able to decode the information
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enclosed in the hormonal signal., For this purpose, the so-called target
cells are equipped with specific (hormone)} receptors. For example, recep-
tors of certain cells in testis and ovary are able to recognize and bind
specific hormones, the gonadotropins luteinizing hormomne (LH) and folli-
cle stimulating hormone (FSH), secreted by the anterior pituitary gland.
This may result in a biclogical response of the cells.

It is not surprising that nervous system and endocrine system are not
operating independently. Cells particularily involved in the interrelation
of these systems are the neurcendocrine cells, cells by which neural
signals are converted into hormonal signals. The present study deals with
several aspects of the ultrastructure of one group of these neuroendocrine
cells, the hypophysiotropic cells. These cells are located in the brain
(fig. a) and regulate the sescretion of the endocrine cells of the anterior
pituitary gland by releasing hypophysiotropic substances from their endings
into a special vascular system, the pituitary portal system. The site of
release is the median eminence.

Present concepts about these neurcendocrine cells have emerged gradually

and a concise historical survey may therefore be appropriate.

1.1, history in short

The assumption that relations exist between nervous system and pituitary
was expressed already by Galen (200), albeit that waste products of cthe
brain were though to pass to the pituitary via a funnel-shaped infundi-
bulum, an area roughly corresponding to the structure called later the
median eminence (m.e.; for terminology, see p. 4). From the pituitary,
pituita, or nasal mucus, was believed to pass into the nasal cavity]).
Later, the view arose that the function of the anterior pituitary gland
is under the control of the central nervous system. This was initially
suggested by clinical observations. Experimental evidence for this view

came from studies on the rabbit (Harris, 1937; Haterius and Derbyshire,

1837), since electrical stimulation of the hypothalamus, a part of the

1)

In this respect it is interesting that the reverse route appears to
be a rapid and effective way to deliver substances into the brain

(Anand Kumar et al, 1976)
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Fig. a. Relations between brain, median eminence, anterior pituitary
gland and target crgans. The drawing of the median eminence
represents a coronal section showing above the median eminence

the widened basal part of the third ventricle, viz. the
infundibular recess (#*).
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The pituitary gland =~ terminOloOgy ssssssssmessswmessssssmsasrsasansasmnnan

The pituitary gland or hypophysis consists of two parts. One part arises
during ontogeny as a (neural) downgrowth from the hypothalamus, which is
the most basal region of the diencephalic part of the brain and largely

surrounds the third ventricle (fig. b). This neural part develops inte
the neurchypophysis.

INFUNDIBULAR PROCESS

third ventricle pars intermedia

MEDIAN INFUNDIBULAR pars distalis
EMINENCE STEM

pars infundibularis

Fig. b. Diagram of a sagittal section of the neurohypophysis (MEDIAN
EMINENCE, INFUNDIBULAR STEM and INFUNDIBULAR PROCESS) and of
the anterior pituitary gland (pars infundibularis, pars distalis
and pars intermediz). Hypothalamus (¥ ) and third ventricle are
» in part, visible. * infundibular recess

The other part, the future anterior pituitary gland or adenohypophvsis,
is said to arise as a dorsal evagination {(Rathke's pouch) from the roof
of the oral ectoderm, although recent data are suggestive of a neuro-
ectodermal origin (Pearse and Takor Takor, 1976).

The neurchypophysis comprises
1. the median eminence (m.e,), the part continuous with the hypotha-
lamus and connected to
2. the infundibular stem, the part which connects the m.e. and
3. the infundibular process (neural lobe, posterior pituitary gland},
the distal enlargement of the neurchypophysis.

In the literature, infundibulum generally refers to m.e. plus infundi-
bular stem. Terminologies in use are rather confusing, mainly because of
species differences. In some species, e.g. man, the infundibular stem
is elongated, in which cases neural stalk is occasionally used instead

of infundibular stem, Some authors (Daniel and Prichard, 1975)

regard the m.e. as a part of the infundibular stem {(see I 2.1.)

The anterior pituitary gland is divided into
I. the pars distalis, the bulk of the anterior pituitary gland,
2, the pars infundibularis ( pars tuberalis), which lines m.e. and
infundibular stem and
3. the pars intermedia ( intermediate lobe) which is located between
pars distalis and infundibular process.

Thus, the pituitary gland comprises infundibular process, pars distalis
and pars intermedia.

In addition to these terms, pituiltary stalk is occasionally used, which
refers to both infundibular process and surrounding pars infundibularis.
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The pituitary portal SYSLEem cpppressnecesnssssssssssssssscssssmanunsssssssbnnnns
In most mammals, the arterial supply of the anterior pituitary gland is
at best scanty (see Moll, 1958). The main supply is generally derived
from a primary capillary plexus in m.e. and infundibular stem (fig. c)

“‘———-’«T’”\i
¥ i 1
///// primary long portal secondary
plexus vessel plexus

Fig. c¢. Drawing of the main elements of the pituitary portal system
(sagittal section, cf. fig. b).

The major component of the primary plexus is the surface network
(Duvernoy, 1972), while an additional deep network exist in many verte-—
brates. The surface network is located at the periphery of m.e. and
infundibular stem and is covered by pars infundibularis and pial
membranes. According to Duvernoy {1972), in mammals the deep network
consists of long capillary loops {Green and Harris, 1947) and sub-
ependymal network, which parts seem somewhat separate (Moll, 1857).

The capillaries of the primary plexus are mainly drained by the long
portal vessels toward the secondary plexus in the pars distalis.

In addition, numercus anastomoses exist between primary plexus and
capillaries in infundibular process on the one hand and tuber cinereum,
the nearby part of the hypothalamus, on the other (Tordok, 1964;
Szentdgothai et al, 1968; Akmayev, 1971; Duvernoy, 1972; Page et al,
1976; Page and Bergland, 1976). According to Porter et al (1977) the
anastomoses are especially located subependymally and the blood flow is
from infundibular process to m.e. and tuber cimereum (see also Oliver
et al, 1977}.

In addition to the long portal vessels, short portal vessels exist be-
tween anterior pituitary gland and infundibular process. Although it
was generally assumed that the anterior pituitary received bloed by
these short portal vessels (Landsmeer, 1951; Porter et al, 1973}, recently
the reverse direction has been proposed (Oliver et al, 1977; Porter

et al, 1977) whereas Bergland and Page {(1976) emphasize the possibility
of flow reversal.
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brain, induced ovulation, a phenomenon caused by increased release of
LH. Stimulation of the pituitary appeared to be less effective (Markee
et al, 19463 Harris, 1948b). Furthermore, lesions involving the basal
part of the hypothalamus, or more specifically the m.e. caused
disturbances in the reproductive functions (Dey et al, 194N; Dey 1941,

1943; Taleisnik and McCann, 1961), as was the case after section of the

wn et
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pituitary stalk. Two important features were established: 1. the ocur-
rence of portal vessels (see p, 5) between z capillary plexus in the
m.e. and one in the anterior pituitary gtand (Pepa and Fielding, 1930a,b,
1933; Wislocki and King, 1936; Wislocki, 1938; Xavier Morato, 1939;
Green, 1951) and 2. the scarcity, possibly absence, of an innervation of
the pars distalis (Green and Harris, 19473 Green, 195!; Unsicker, 1971).
These observations suggested a neurovascular link between hypothalamus
and anterior pituitary gland, viz. a vascular transport of information
originating in the hypothalamus. This possibility was especially advoca-
ted by Harris (1948z, Green and Harris, 1949},

Subsequent studies (Harris, 1950; Harris and Jacobsohm, 1952; Harris,
1955; Nikitovitch-Winer and Everett, 1958), which included hypothalamic
stimulation and lesions, section of the pituitary stalk and transplantation
of the pituitary, gave strong support to the neurchumoral hypothesis of
Green and Harris, implying that hypophysiotropic hormones are synthe-
tized by hypothalamic neurons, transported through axons to m.e. and in-
fundibular stem, released from nerve endings located near the primary
plexus and distributed to the pituitary by the portal vessels.

Later, direct evidence for the existence of hypothalamic hormones stimu-—
lating release of anterior pituitary hormones became available. Data on
the discovery of the hypothalamic hormene(s) stimulating release of LH
and FSH follow here (see further Table I).McCann et al {196(), McCann
(1962) and Campbell et al (1961) infused extracts of stalk- m.e. tissue
intravenously or directly into the anterior pituitary gland and concluded
that release of LH was increased. The substance held responsible for the
LH-releasing activity was called LH-releasing factor or LRF. Such
extracts were found to cause in addition release of FSH (Mittler and
Meites, 1964; Igarashi and McCann, [1964) but whether the effects on LE
and FSH are caused by two different substances or, more likely, by one
substance {Schally et al, 1976a) is still disputed. Since the structure
1s known yet of a substance causing release of both LH and FSH (Schwartz
and McCormack, 1972; Schally et al, 1973a; Ondo et al, 1973a), the
general term gonadotropin—releasing hormone {(Gn-RE) seems more apprc-
priate and will be used in this thesis. In the Appendix papers, the term
LRF is still used. In addition to substances causing release of
pituitary hormones, the hypothalamus appeared to contain substances

causing inhibition of release. Such a substance was called an inhibiting
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Observations in favour of the neurohumoral view on _.

control of gonadotropin secretion

1. extraction and synthesis
of Gn—RH

2. high concentration of

Gn-RH in the m.e., especially near
the primary plexus, as shown by bio~—
assay (a), radioimmunoassay (b} and
immunohistochemistry (c¢)

3. high concentration of Gn-RH in
pituitary portal hiood

4, increased amounts of Gn-RH in
portal blood during pro-ocestrus (a),
after castration (b} and after pre—
optic stimulation (c¢),

5. effects of antiserum against Gn-RH
on gonadotropins, gonads and sex
steroids (a), preovulatory surge of
gonadotropins (b) and LH surge after
preoptic stimulation (c)

6. deficiency of Gn-RH and
abnermal gonadal development

Geliger et al, 1971; Matsuo et al,
1971; Schally et al, 1971, 1973b

a. Watanabe and McCann, 1968;
Crighton et al, 1970; Krulich et
al, 1971, 1977; Quijada et al,
1971

b. Palkovits et al, 1974a;
Morris, 1975; Wheaton et al,
1975; Kizer et al, 1976 a,b;
Estes et al, 1977; Knigge et al,

1977; Krulich et al, 1977
c. Barry et al, 1973; King et al,
19743 Kordon et al, 1974;

Pelletier et al, 1974a; Barry
and Carette, 1975; Barry and
Dubois, 1975; $&t4ld et al,
1975b; Barry, 1976; Fuxe et al,
1976a; Xozlewski et al, 1976a;
Silverman, 1976

Kamberi et al, 1969%; Porter et
al, 1970, 1973; Ben—Jonathan et
al, 1973; Fink et al, 1977;
Neill et al, 1977

a. Sarkar et al,
al, 1977

b. Eskay et al,
al, 1976

c. Harris and Ruf, 197C; Ben-
Jonathan et al, 1974; Fink and
Jamieson, 1974, 1976; Chiappa
et al, 1975; Eskay et al, 1977;
Porter et al, 1977

1976; Fink et

1974; Porter et

a, Fraser et al, 1974; Fraser,
1975; Arimura, 1976; Bercu et al,
1976; Kerdelhue et al, 1976;
Hauger et al, 1977; Koch, 1977;
b. Koch et al, 1973; Arimura et
al, 1974; Fraser, 1975; Shiina
et al, 1976; Koch, 1977

c. Porter et al, 1977

Cattanach et al, 1977




8

factor or, in case its structure was elucidated, an inhibiting hormone.

In Table 1T different (putative) hypophysiotropic substances are listed.

1.2. mneurcsecretion

Neurovascular contrel of the anterior pituitary gland presuppeses that
cells located in the brain release biologically active substances into
capillaries draining towards the glands. It was, and generally is,

taken for granted (Harris, 19535; Szentdgothai et al, [968) that these
substances are synthetized in specialized neurons (see Knowles, 1974),
Morphological evidence for the existence of neurons with endocrine pro-
perties dates from 1919 (Knowles, 1974). Such specialized neurons
formed the morphological basis for the concept that so-called neuro-
secretory cells, originally cells characterized by the presence of
histologically stainable {neurcsecretory) material, secrete their

- hormonal - product into the blood stream (Scharrer and Scharrer,
1940, 19543 Bargmann, 1966, 1969; Knowles and Bern, 1966).

Tt is emphasized that terms like peurosecretion and neurosecretory cells
are somewhat confusing since their criteria gradually changed (Knowles
and Bern, 1966} and since a generally accepted definition is lacking
(Bargmann, 1974; Knowles, 1974). Tn the terminolgy of Bargmann (1966},
a neurosecretory cells is a neuron that also possesses glandular
activity. It has indeed been demonstrated that the so-called classical
neurosecretory cells of the hypothalamo-neurohypophyseal system (I 4.1.2.)
have fundamental electrical properties in common with other central
neurons (Cross and Green, 19593 Kandel, 1964; Kelly and Dreifuss, 1970;
Cross et al, 1975; Hayward, 1977). The glandular properties of these
cells are also beyond dispute (Dean et al, 1968; Picard, 1969; Pilgrim,
1969: Thorn, 1970; Douglas et al, 1971; Dreifuss et al, 1973; Norstrom,
1975}, However, ordinary neurons possess glapdular features as well,
since 'the prime function of a2 neuron is to produce and apply to other
tissues a chemical activator' (Bishop, 1965; see also Scott, 1905).
Thus, differences between neurosecretory cells producing neurchormones
and other neurons producing neurotransmitters (Scharrer, 1969) do not
seem to be fundamental (Bargmann, 1969). A main difference seems to be
the distance between site of release and location of receptors. The
difference in distance of transport and therefore in distribution volume,
has consequences for the levels of synthetic activity, for the amounts of

intraneuronal secretory products, for the rapidity of degradation of bio-



. . 1
TABLE 11X Hypophysiotroplc substances )
hypophysiotropic substance abbreviation structure
gonadotropin-releasing hormone Gn-RH (LRF) decapeptide
{iuteinizing hormone-releasing
hormone)2)
. . . 3)
corticotropin~releasing factor CRF ?
thyrotropin~releasing hormone TRH tripeptide
growth hormone (somatctropin)- GH-RF ?
releasing factor
growth hormone (somatotropin)- - GH-RIH tetradecapeptide
release-inhibiting hormone
or somatostatin
prolactin-releasing factor PRF ?
. e ays 4
prolactin release~inhibiting PIF ? )
factor (=dopamine?) { catecholamine )
melanocyte-stimulating hormone- MRF ?
releasing factor
melanocyte~stimulating hormone— MIF tripeptide?
release—inhibiting factor i
(=dopamine?) { catecholamine }
1

for general references, see McCann and Porter, 1969; Guillemin and
Burgus, 1972; Schally et al, 1973b; Reichlin et al, 1076
2 . . .
)the existence of a FSH~RF separate from Gn-RH is not very likely
(Shalmanesh and Jeffcoate, 1976; Schally et al, 1976a)

3)"My eyes told my mind about him. My mind sent a message to my hypo-
thalamus, told it to release the hormone CRF into the short vesseals
connecting my hypothalamus and my pituitary gland. The CRF inspired my
pituitary gland to dump the hormope ACTH into my bloodstream. My
pituitary had been making and storing ACTH for just such an occasion.

..And some of the ACTH in my blocdstream reached the outer shell of

my adrenal gland, which had been making and storing glucocorticoids
for emergencies. My adrenal gland added the glucocorticoids to my
bloodstream. They went all over my body..." (K. Vonnegut, in Breakfast
of champicns, 1973)

4)McCann: ", But this is going to take a great deal of work, would you
not agree, Dr. Schally, teo isolate and determine the
structure of PIF?"

Schally: "No, I think that is a question of only 6 to 12 months ..."
- &. Reprod. Fert. Suppl. 20, 164 (1973) -




10

logically active substances and for the duration of the effects exerted
at the target cells.

If differences between neurosecretory cells and ordinary neurons are
primarily quantitative in nature, many intermediate ‘types' of cells
will exist. Such a continuum of cell 'types' may well be extended to
the chromaffin cells of the adremal medulla and possibly also to the
peptide secreting cells of the anterior pituitary gland and the
gastro—intestinal tract (cf. Guillemin, 1977a; Pearse, 1977).

In view of the complications mentioned, the neuromal systems dealt with
in T 4. are not classified in terms of neurosecretory ©r non-neuro—
secretory. There is, however, no urgent reason to dismiss the term
neurosecretory completely. Certain neurons are simply more neuro-

secretory than others.

2. The median eminence

2.1, locatiomn

The m.e. is, according to Tilney (1936), an elevation in the midline on
the basal surface of the brain caudal to the optic chiasm. This eleva-
tion consists of the pars infundibularis, a part of the anterior pitui-
tary gland (p. 4), and a neural part. In recent literature, only this
neural part is denoted as m.e. It is roughly located between optic
chiasm and mammillary body. At the lateral side the infundibular sulcus
separates the m.e. from the tuber cinereum, a poorly myelinated part of
the hypothalamus. Although the m.e. was, and sometimes is, called the
m.e. of the tuber cimereum, the m.e. is considered as part of the
neurohypophysis (p. 4).

The main part of the m.e., the m.e. pars oralis, is in the rat and most
other vertebrates (primates excluded) located rostral to the infundi-
bular stem. Since the basal part of the third ventricle is widened into
the infundibular recess (fig. a), the m.,e. constitutes the relatively
large but thin layered bottom of the third ventricle. The remaining
part of the m.e., the m.e. pars caudalis, which is located dorso-caudal
to the infundibular stem is, in the rat, relatively small and poorly
vascularized (Landsmeer, 1947; Rimne, 1960). If not specified, data
on the m.e. refer to the m.e. pars oralis.

It may be added that according to Daniel and Prichard (1975), in man
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an area corresponding to the m.e. of lower mammals cannot be accurately
defined. Instead of m.e., they use "upper infundibular stem'. In this
respect, the main difference between man and lower mammals seems to be

the difference in relative size of m.e. pars oralis and pars caudalis.

2.2. general light microscoplc features

At the light microscopical level, the m.e. has many peculiar features

if compared with most other areas of the central nervous system (Christ,
1951; Green, 1951; Nowakowski, 1951; Spatz, 19513 Dellman, 1962;
Szentdgothai, 1964; Akmayev, 1969):

1. the ependymal cells are unusual in shape; certain cells, the tany-
cytes, have processes to the base of the brain,

2. a subependymal layer of glial fibres is absent,

3. only a few neuronal cell bodies are present,

4, fibres of the neurosecretory cells, located in

supraoptic and paraventricular nuclei, pass through the m.e. to the in-
fundibular process,

5. near the primary plexus of the pituitary portal system, there is

an abundance of small unmyelinated axons and aberrant terminals,

6. an outer glial layer is absent,

7. a prominent vascular plexus occurs at the periphery of the m.e.;
from this plexus capillary loops penetrate into the m.e.,

8. a part of the anterior pituitary gland, the pars infundibularis, is

located between m.e. and pial membranes.

2.3. general electron microscopic features

In all vertebrate species studied, the m.e. has several features in
common, like a particular topographical succession of structural ele-
ments from the infundibular recess (fig. a,b) to the base of the brain.
Some general observations on the ultrastructure of the rat m.e. will be
summarized in this sequence (for terminology see fig. d). Data refer
to material fixed by aldehyde-osmium tetroxide and are in many respects
comparable to the descriptions of Kobayashi et al (1970) and of
Raisman (1971).
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INFUNDIBULAR RECESS

Small numbers of intraventricular cells, axons and axzonal swellings are
present near the ependymal cells. In these axonal swellings, vesicles
with an electron-dense core, so-called granular vesicles (GV) are fre—
quently present. Sizes of GV vary over a wide range, including GV larger
than 160 nm in diameter (see fibre layer).

INTERNAL ZONE

ependymal and subependymal layer

Non~neuronal elements - specialized ependymal cells form the floor
of the infundibular recess. Two types may be distinguished: 1. brick-like
ceils which form the largest part of the floor, 2. tanycytes, mostly
lecated at the lateral side. In addition to the ependymal cells, one or
more layers of subependymal r hypendymal) cells may be observed, which
cells ocecasionally show an apical process contacting the cerebrospinal
fluid. Certain ependymal and subependymal cells are in contact with the
single basement membrane of subependymal capillaries. Fenestrations are
practically absent in these capillaries, which are only exceptionally
contacted by neuronal endfeet.

Neuronal elements - axons, axonal swellings and occasionally dendrites
are present between ependymal and subependyal cells. Trequently

axonal swellings contain GV about 100 nm in diameter. These swellings
presumably belong to monoaminergic, especilzlly noradrenergic neurons

(see I 4,2.; Kobayashi et al, 1970; Ajika and Hokfelt, 1973; Lofstrdm

et al, 1976a). Certain axonal swellings contain much larger GV (see

fibre layer). Axonal swellings showing 2 synaptic contact with a neuro—
nal cell bedy or a dendrite or a synaptoid contact with a non—neuronal
cell contain mainly electron-lucent microvesicles about 50 pm in dia-
meter.

Fibre layer

Non-neuronal elements - in addition to processes of ependymal and
subependymal cells, mainly oligodendrocytes occur, as well zs occasional-
ly loops of the primary plexus (p.5).

Neuronal elements - the fibre layer of the internal zome is
characterized by the presence of axons which mainly belong to the hypo-
thalamo-neurchypephyseal system (I 4.1.2,). These axons contain GV
about [50-220 nm in diameter (App. 3}, assumed to contain oxytocin or
vasopressin and neurophysins. In certain axonal swellings, large accu-
mulations of such vesicles are present. Most axons are upnmyelinated but
such large GV are alsc present in myelinated axons and swellings, in
contrast of the opinion of e.g. Cross (1971), Constantinides (1974},
Clattenburg (1974) and Hayward (1977). Unmyelinated axons and axomal
swellings with smaller GV are alsc present.

Fig. d. Coronal section of the m.a. The capillaries of the primary
plexus in the external zone are empty, due to perfusion
fixation. A-D indicate sub-zones of the palisade zone
(App. 3). x 1100
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EXTERNAL ZOKNE

palisade zome

Non~neuronal elements ~ cells containing lipid droplets and
resembling the pituicytes of the infundibular process are frequently
seen, Such lipid droplets are zlso present in ependymal and subepen-
dymal cells. The processes of these non—neuronal cells give this area
its palisade-like appearance. Endfeet of tanycytes and pituicyte-like
cells are in contact with the outer basement membrane (or more accurate-—
1y basal lamina) of the primary plexus. In certain non-neuronal endfeet,
membrane—bound material of variable size, shape and electron—density is
present.

Neuronal elements - unmyvelinated axons and swellings are present
in large numbers. The axons are of small diameter {mainly 0.1-0.6 am)
and contain predoeminantly neurotubules. The varicosities are character-
ized by the presence of GV of varying sizes, mainly 60-140 mm in dia-
meter. They are assumed to contain predominantly hypephysiotropic sub-
stances. Some swellings show synaptoid contacts with non—neuronal
elements. Microvesicles are numerous in axonal swellings which contact
the outer basement membrane.

capillaries and perivascular space

A wide, irregular perivascular space is present between the inner base-
ment membrane lining the fenestrated capillaries of the primary plexus
and the outer basement membrane lining the neuronal and non—neuronal
endfeet of the m.e. The perivascular space contains collagen fibres and
connective tissue cells, especially fibroblasts and occasionally a mast
cell.

zona granulosa (see App. 3)

The part of the external zone located peripherally to the palisade zome
is not characterized by a palisade appearance. Preterminal and terminal
parts of neuronal and non-neuronal cells are greuped in 'islands', Most
profiles are in direct contact with the outer basement membrane. In
this area large configurations of loose membranous whorls are present.

The area between m.e. and pial membranes contains cells of the pars in-
fundibularis and axon bundles probably derived from the superior cervi-~
cal ganglia.

2.4, function of the median eminence

Ag¢ wisualized in fig. e, there are two main views with respect to the
function of the m.e.,

1. the m.e. is the area where nerve endings release hypophysictropic sub-
stances into the capillaries of the primary plexus. Thus, the m.e. serves
as a neuroendoerine transducer, translating neural information derived
from higher ifitegrative centres into hormonal signals (I 1.1.),

2. the m.e. is the interface between the cerebrospinal fluid in the

infupndibular recess and the blood in the primary plexus, where specialized



Fig.
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Relations between
brain, median emi-
nence, anterior pi-
tuitary gland, and (target} organs, with emphasis on two presumed
functions of the m.e.: 1. release into the primary plexus of the
pituitary portal system of hypophysiotropic substances from the
neurcnal endfeet of (peptidergic) hypophysiotropic neurons (thick
arrows), 2. uptake of hypophysilotropic substances by tanycytes

(T) after their release into the cerebrospinal f£luid, and sub-
sequent transport to the primary plexus (interrupted arrows).

In addition to the (peptidexgic) hypophysictropic neurons (V),

a monoaminergic neurcon (% ) 1s shown with several axonal swellings
in the m.e. The size of the axonal swellings present in the m.e.
is exaggerated.

®® granular vesicles; °f microvesicles; P pituicyte-~like cell
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ependymal cells transpert hypophysiotropic substances from infundibular
recess to portal blood, Thus, the m.e. serves as & transporting system
{I 3.3.).

Both views may be correct and have in common that the main task of the
m.a. is release of biologically active substances into the primary

plexus.

3. Factors involved in release of hypophysiotropic substances
A multitude of factors is involved in the ultimate release of a hypo-
physiotropic substance like Gn-RH into portal blood. Factors thought to

be of major importance are listed below.

3.1. neuronal inputs

If we accept that hypophysiotropic cells are neuroms, a multitude of
neurons probably makes synaptic contacts with these cells. These
neurons participate in neuronal circuits by which e.g. visual, clfactory,
tactile and hormonal stimuli, as well as built-in behavioural patterns
and biological rhythms affect endocrine function and behaviour. In
addition, a direct neural pathway between gonads and hypothalamus has
been suggested by Gerendai and Haldsz (1976).

Effects on gonadotropin release of (putative) neurotransmitters like
acetylcholine, noradrenaline, dopamine and serotonin have amply been
demonstrated (I 4.2, - 4.4.}. 1In view of their presence in m.e.

and/or hypothalamus, several other putative neurotransmitters and
modulators may be involved (Table III), although the functioms of

these substances are, as yet, far from clear., Angiotensin II, enke-
phalins and histamine are of special interest, because of their high
concentration near the primary plexus. The high concentration of
histamine, however, can in part be explained by the presence of mast

cells,

3.2. hormonal inputs

The area where hypophysiotropic cells are thought to be present

(I 4.1.1.) is an importaant target of hormones secreted by peripheral
glands like the gomads (Table IV}. Although the hormonal effects may be
exerted directly at hypophysiotropic cells (Stumpf and Sar, 1977;
Warembourg, 1977), part of the effects are exerted at interneurons,

like serotoninergic neurons (Kordon and Glowinski, 1972; Fuxe et al,



Table III

Putative nmeurotransmitters

b)

and modulators _____

possibly involved in contrel of hypophysio-

troplc neurons

acetylcheline, noradrenaline,
dopamine, adrenaline, serotomin

y—aminobutyric acid

histamine

substance P

angioctensin TT

enkephalins and endorphins

o-melanocyte-stimulating hormone

vagoactive intestinal polypeptide

1)

for lit, , see I 4.2.-4.4.

Yagi and Sawaki, 1975; Fuxe et
al, 1976; Tappaz and Brownstein,
1977

Brownstein, 1977; Rivier and
Vale, 1977

Nilsson et al, 1974; Brouwnstein
et al, 1976b; Fuxe et al, 1976;
Davies and Dray, 1977

Fuxe et 21, 1977a

Bowers et al, 1977; Bruni et al,
1977b; Cocchi et al, 1977;
Guillemin, 1977b

Pelletier and Dube, 1977

Fuxe et al, 1977b

For information on neurcnal localization, see also Otsuka et al, 19753

Garbarg et al, 1976; Simantov et al, 1976; Chan-Palay and Palay, 1977;
Frederickson, 1977; Fuxe et al, 1977a; Giachetti et al, 1977; Lane et

ak, 1977

1974c; Grant and Stumpf, 1975) and especially catecholaminergic neurons
(Fuxe et al, 1972, 1974b, 1977¢; Hokfelt and Fuxe, 1972b: Zolovick and
Labhsetwar, 1973; Endersby and Wilson, 1974;Gunaga et al, 1974; Kizer

et al, 1974; Grant and Stumpf, 1975; Luine et al, 1975; Chioccchic et al,
1976; Drouva and Gallo, 1976; Gudelsky et al, 1977).

For the regulation of gonadotropin release three feedback loops have

been proposed,long, short and ultra—-short (fig. £), reflecting actions

at the level of the brain by gonadal hormones, gonadotropins and Gn-RH,

respectively (Table V). Gonadal substances show, in addition, feedback

effects at the level of the anterior pituitary gland (Table V).
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Table IV Med1§l basal hypothalamu§ and precptic area
as sites of hormonal action
1. effects of implantation Davidson and Sawyer, 1961; Lisk, 1962;
of hormones on gomadotrepin Bloch and Davidson, 1967; Chowers and
release McCann, 1967; Davidson, 19693 Schuiling
et al, 1974; Smith and Davidson, 1974%;
Cheung and Davidson, 1977

2. effects of, mainly intra- Knigge et al, 1973; Orias et al, 1974;
ventricularly, injected Chiappa et al, 1975; McEwen et al, 1975
hormones

3. presence of enzymes which Rommerts and van der Molen, 1971;

arcmatize or reduce andro- Naftolin et al, 1972; Selmanoff et al,

gens 1977

4. presence of hormone Jouan et al, 1971; Rato and Onouchi, 1973,
receptors 1977; Kato et al, 1974, 1975; McEwen et al,

1975; Naftolin and Ryan, 1975; Stumpf,
1975; Vreeburg et al, 1975; Seiki et al,
1977; Stumpf and Sar, 1977

5. hormonal effects on Yagi and Sawaki, 1973; Dufy et al, 1976;
neuronal electrical Moss et al, 1976; Kelly et al, 1977a,b
activity

Table V  Different types of feedtack in control of gonado-

tropin secretion 1
1. long feedback loop Davidson, 1969; Bishop et al, 1972;
(at the brain) Schwartz and McCormack, 1972; Yagi and

Sawaki, 1973; see further Table IV

{(at the pituitary) Mcore and Price, 1932; Debeljuk et al,
1972; Mitrtler, 1972; Kingsley and
Bogdanove, 1973; Negro-Vilar et zl, 1973
Libertun et al, 1974; Van Dieten et al,
1974; Vreeburg et al, 1975; Adiyer et al,
{976; Drouin and Labrie, 1976; Ferland et
al, 19763 Gnodde, 1976; Porter et al,
1976, Labrie et al, 1977; De Koning, 1978

13

2. short feedback locp David et al, 1966; Davies et al, 1975;
McEwen et al, 1975; Petrusz, 1975;
Molitch et al, 19763 but see Gay, 1974
3. ultrashort feedback Hyyppa et al, 1971; Krieg et al, 1976;
loop oss et al, 1976

1)y ... .
)pltu1tary hormones other than gonadotropins, e.g. prolactin, may also
influence release of Gn-RH (Fuxe et al, 1969, 1972; Leonardelli, 1977;

Wuttke and Beck, 1977)

2 . . .
)whether a direct acticn of Gn-RH at the brain reflects a hormonal

action can be questicned (I 4.1.1.)




19

In addition to the hormones of the hype-

BRATN thalamo-hypophyseal~-gonadal system, other
hormones or hormone-like substances may be

involved in the control of gomadeotropin

c
N\ QJ/ release. To these beleng e.g. the polypep-

tide arginine vasotocin and the indole

T
:
' melatonin, bhoth present in the pinealgland

]

! (Moguilevsky et al, 1976; Reiter et al,

: 18763 Reiter and Vaughn, 1977). Furthermore,

ANTERIOR | the prostaglandins, "until recently,
” PITUITARY a group of hormeonaily-active substances in
GLAND .
| search of z function" (Hedge, 1%77), are

involved in stimulating genadotropin re-—

lease. Apparently, one site of action of

|
B i prostaglandins, in rat especially prosta-

i glandin E2’ is the brain (Chobsieng et al,
TARGET 1975; Eskay et al, 1975; Ojeda et al, 1975a,
GLAND

| b; Harms et al, 1976; Porter et al, 1976;

Carlson et al, 1977; Gallardo and Ramirez,
A

1977).

Enzymes which degrade hypophysiotropic sub-

stances (Reichlin et al, 1976) may be in-—
Fig. . Diagram of long
(4), short (B)
and ultrashort above. These enzymes are especially present
{C) feedback
loops.

volved in several of the actions mentioned

in the hypothalamus and their activity can
be influenced by LH (Kuhl and Taubert,
1975), Gn-RH (McKelvy and Grimm-Jorgensen, 1977), prostaglandin E2
(Ruhl et al, 1976) and gonadal steroids (Hooper, 1968; Griffiths and
Hooper, 1873, 1974; Kubhl and Taubert, 1975; Griffiths, 1976; McKelvy
and Grimm-Jorgensen, 1977). The cellular localization of these enzymes

has not been established.

3.3. ependymal cells

The infundibular recess, is lined by atypical ependymal cells
(Kobayashi et al, 1970; Raisman, 1971; Millhouse, 1971, 1972; Scott et
al, 1972),as far as typical ependymal cellsexist (Mitro, 1976). The
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atypical cells lack e.g. the normal azbundance of cilia, but may show
bleb-like formations protruding inte the recess. The ependymal cells
of the m.e. show junctional compiexes including tight juncticns (zonu-
lae occludentes), which seem to preclude intercellular transport be-
tween cerebrospinal fluid and interstitial fluid of the m.e. (Bright~
man et al, 19753)., Certain ependymal cells, the tanycytes (Horstmann,
1954), are characterized by a long basal process ending with several
endfeet near the primary plexus at the base of the brain (Kobayashi et
al, 1970; McArthur, 1970; Raisman, 1971; Barz and Boti, 1974). Tanycytes
lining the (lateral) wall of the third ventricle frequently end at
capillaries in the periventricular region of the medial basal hypo-
thalamus {Brawer, 1972) and at the base of the brain lateral to the
m.e. (Millhouse, 1972).

The ependymal cells of the m.e. show several features which possibly
are related to & role in neuroendocrine control, especially in trans—
port (see Table VI, in which also literature is mentioned on hormones
in the cerebrospinal f£luid).

On the basis of the observations referred to in Table VI, it has been
hypothetized that hormones releazsed into the cerebrospinal fluid are
taken up by the tanycytes of the m.e. and are transported to the
primary plexus (Lofgren, 1959; Knowles and Anand Kumar, 1969; Porter et
al, 1970; Kobayashi et al, 1970; Knigge and Silverman, 197Z; Ondo et
al, 1973b; Joseph et al, 1975:; Zimmerman et al, 1975; Knigge et al,
1676, 1977; Naik, 1676).

4. Neurcnal systems distributing to the median eminence
In this paragraph, a survey is given of the main neuronal systems
distributing to the m.e. and thought to be involved in control of the

anterior pituitary gland.

1)

4.1. peptidergic systems

4.1.1. the hypophysiotropic system
The peptidergic hypophysiotropic system comprises cells which influence

the function of the anterior pituitary gland by releasing peptides into
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1)

'The age of the hypothalamic peptide has arrived' (Kastin et al,
1976)
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Observations possibly related to a (transpert) ___

role of certain ependymal cells of the m.e. in

neurcendccrine centrol

1. unicellular link between cerebrospinal
fluid in third ventricle and that around
primary plexus

2. ultrastructural changes after intra-
ventricular injection of catecholamines
{(a), Gn-RH (b), after castration (c)
during oestrous cycle (d}

3. presence of synapteid contacts at
ependymal cells

4, presence of hormones like Gn-RH and
TRH in cerebrospinal fluid (a), modi-
fication by castration (b), during
oestrous cycle {c)

5. uptake of intraventricularly injected
substances (a) and modification by
steroids (b); uptake in vitro (¢}

6. passage cf Gn-RH and TRH from ventricle
to pituitary portal bleod, leading to in-
creased release of pitultary hormones

7. possible presence of Gn-RH in
tanycytes |

]

Kobayashi et al, 1970

a. Schechter and Weiner,
1972; Hokfelt, 1973;
Scott et al, 1974

b. Bruni et al, 1977a

c. Kobayashi and Matsui,
1969; Knowles and Anand
Kumar, 1969; McArthur,
1970; Oksche et al, 1972;
d. Bruni, 1974

Matsui, 1966; Wittkowski,
1967, 1968; Kobayashi et
al, 1970; Gildner and

Wolff, 1973: Nozaki, 1975

a. Cramer and Barraclough,
19745 Knigge and Joseph,
1974; Morris, 19753

b. Joseph et al, 1975

c. Knigge et al, 1977

a. Kobayashi et al, i972b;
Silverman et al, 1973b;
Ben—~Jonathan et al, 1974
Léranth and Schiebler,
19745 Scott et al, 1974;
Joseph et al, 1975; Uenura
et al, 1975

b. Recabarren and Wheaton,
1977

c. Knigge and Silverman,
1972; Silverman et al, 1973a
Joseph et al, 1975

Cordon et al, 1%72; Weiner
et al, 1972b: Knigge et al,
1973; Ondo et al, 1973b; Ben~
Jonathan et al, 1974;

Uemura et al, 1975

Zimuerman et al, 1974, 1975;
Naik, 1976; Silverman, 1976a

for an opposite view, see Baker et al, 1974; Kordom et al, 1974,

Pelletier et al, 1974a; Goldsmith and CGanong, 1975; Barry, 1976;

Sétald et al, 1976a
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Fig. g. Drawing of hypophysictropic cells with several endfeet at the
primary plexus of the pituitary portal system (parasagittal
section). The size of the cells is exaggerated.

the primary plexus of the pituitary portal system (fig. g). Since
'classical' hypophysiotropic substances like Gn-RH, TRH and somato-
statin appeared to be small peptides, the peptidergic hypophysiotropic
system is generally viewed upom as thg hypophysiotropic system. It is,
however, emphasized that probably also cells exist which function as
hypophysiotropic cells but which release another substance, e.g. dopa-
mine, into the primary plexus (I 4.2.). TFurthermore, it can not be
excluded that certain neurons which produce the peptides oxytocin and
vasopressin and which are classified as hypothalamo:—neurohypophyseal
system (I 4.1.2.) also function as hypophysiotropic cells. For the sake
of simplicity, the term hypophysiotropic system will be used in its
clagsical sense, excluding cells preoducing oxytocin, vasopressin and
non-peptides. Non—neuronal cells are also excluded.

Hrstologically, the hypophysiotropic system is ‘anyching but well
defined" (Dellmann, 1973) . The majority of the endings of the hypo-
physiotropic system are located near the primary plezus, where concen-
trations of hypophysiotropic substances are maximal (Brownstein et al,
1976a), but there is much confusion about the location of the cell
bodies. According to HalZsz et al (1962) and Szentidgothai (1964), the
cell bodies of this system are located in an area called hypophysio-
tropic, an area capable of maintaining a rather normal structure and
function of pituitary tissue transplanted into it. This hypophysiotropic

area (fig. h) is a region at the base of the hypothalamus, located at
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both sides of the third ventricle. The region was said to include the
whole arcuate nucleus, the ventral part of the periventricular nucleus
and the parvicellular region of the retrochiasmatic area (cf.

Réthelyi and Haldsz, 1970).

From cell bodies located in the hypophysiotropic area, especially in
the arcuate nucleus,ummyelinated axons could be traced to the surface
of m.e. and infundibular stem (Spatz, 1951; Nowakowski, 1951; Metuzals,
1959; Martinez, 1960; Szentdgothai et al, 1968), There, grape-like
terminals were described, located close to the primary plexus
(Szentagothai et al, 1968). The axons form the so—called tubero-—
infundibular tract (Szentdgothai, 1964). It is emphasized that cer-
tain axons of the tubero-infundibular tract belong to dopaminergic
neurons (I 4.2.),.

Electrophystologically, the presence in the medial basal hypothalamus
of neuronal cell bodies projecting to the m.e. has been confirmed
(Harris et al, 1971; Makara et al, 1972; Sawaki and Yagi, 1973; Yagi
and Sawaki, 1973; Renaud, 1976). They are mainly located in the arcuate
and ventromedial nuclei. In addition, neurons located outside the medial
basal hypothalamus appeared to project to the arcuate/m.e. regionm. The

cell bodies were predominantly located in suprachiasmatic, preoptic and

Fig. h. Diagram of approximate location of the optic chiasm (0C),
organum vasculosum laminae terminalis (0V), precptic area (PA),
suprachiasmatic nucleus (SN), anterior hypothalamic area (AH),
arcuate nucleus (AN) and of the hypophysictropic area (stippled)
as defined by Haldsz et al {1962). The rostral neuron located
in the ‘eyclic' centre shows synaptic contacts with a nmeuron in
the ‘tonic' centre, which neuron prejeets to the primary plexus.
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septal areas, including the organum vasculosum lzminae terminalis

{fig. h; Dyer, 1973; Kawakami et al, 1975; Kelly et al, 1977a,b).

Especially neurcns located in the ventral portion of the anterior hypo~
thalamus showed an increase in firing rate during the afternoon of pro-
cestrus (Dyer et al, 1972; Cross and Dyer, 1972), Furthermore, mumerous
neurons in the above meéntioned areas appeared to respond to gonadal
steroids, LH and FSH (Moss et al, 1975, 1976; Dyer, 1977; Hayward,
1977). These effects might be interpreted as feedback effects (fig. f)
on neurons producing Gn-RE (see p.25), but these electrophysiologically
identified neurons are not necessarily hypophysiotropic. Kelly et al
(1977b) showed, for instance, that in the medial preoptic and septal
areas especially those neurons were responsive to oestrogen which did

not project to the m.e. (cf. Dyer, 1973).

Functions

As described in I 1.1, hypophysiotropic cells are considered as 'the
final common pathway for the neurcendocrine control of pituitary
function' (Nauta, 1963), or shorter 'the final common neuroendocrine
pathway' (Scharrer, 1965). However, hypophysiotropic substances and
immunoreactive varicosities have not only been detected in the hypo-
thalamus and the m.e. but also in regions of the central nervous
system remote from the hypothalamus (Barry et al, 1973; Barry, 1976;
Fuxe et al, 1976; Brownstein, 1977; Hokfelt et al, 1977b; Jacksom, 1977).
These substances may be present either in collaterals of hypophysio-
tropic cells (Yagi and Sawaki, 1975:; Wilber et al, 1976; Renaud, 1976;
Barry, 1976) or in cells which are not (primarily) hypophysiotropic
(cf. Parsons et al, 1976; Jackson and Reichlin, 1977; Goldschmidt,
1977). In view of the responsiveness of hypothalamic neurons to appli-
cation of Gn-RH, TRH and somatostatin, hypophysictropic substances may
act here as neurotransmitter, whereas also extrahypothalamic effects
have been described (Renaud and Martin, 1975; Sawyer, 1975; Wilber et
al, 1976; Moss, 1977). In addition, several behavioural effects of
hypophysiotropic substances have been described {(Pfaff, 1973; McCann
and Moss, 1975; Renaud and Martin, 1975; Wilber et al, 1976; Moss,
1977). In this respect it is noteworthy that Guillemin (1977z) showed
a table with 17 'CHNS mediated actions of TRH'; this table was dated

november 1976,
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Location of neurons synthetizing Gn-RH ssseeemsmmescsatsormmcmsmmsniansusananansy

Neurons involved in control of gonadotropin secretion are not confined
te the hypophysiotropic area as defined by Haldsz et al (1962). There is
evidence from stimulation, deafferentiation, lesion and implantation
studies that, in the female rat, neurons located more rostrally in pre—
optic area, anterior hypothalamic area and especially suprachiasmatic
nuclei are concerned with the cyclic release of LH necessary for ovu-
lation (Everett, 1964; Haldsz and Pupp, 1965; HalZsz and Gorski, 1967;
Davidson, 1969; Kaasjager et al, 1971; Bishop et al, 1972; Brown-Crant
and Raisman, 1977; Raisman and Brown-Grant, 1977). Therefore, a dual
hypothalamic control of gonadotropins was proposed (Barraclough,

19663 Taleisnik et al, 1970; Flerkd, 1972), implying that
neurons located in a rostral 'cyclie' centre project to Cn—RH producing
neureons in the "tonic' centre of the hypophysiotropiec area (fig. h).

In addition, modulating effects on hypothalamic neurcns and gomadotropin
release are exerted by neurons located in amygdala and hippocampus
(Lawton and Sawyer, 1970; Raisman and Field, i971; Brown Grant and
Raisman, 1972; Schuiling and Van Rees, 1974; Renaud, 1976; Carillo et
al, 1977).

Data on the comntent of Gn-RHE in the brain showed that, in addition teo
its preferential localization near the primary plexus in the m.e.,
Gn-RH alsc occurred in the suprachiasmatic and preoptic areas, especial-
ly in the organum vasculosum laminae terminalis (Kawakami et al, 1975;
Weiner et al, 1975; Neill et al, 1977; Okon and Koch, 1977; for other
literature Table I, point 2). Presence of Go-RH in cell bodies located
outside the hypophysiotropic area was for several species shown by
immunchistochemical studies, notwithstanding some doubts with respect

to specificity {Barry et al, 1973; Leonardelli et al, 1974; Pelletier

et al, 1974a; Barry and Dubois, 1974, 1975; Barry and Carette, 1975;
Naik, 1975a; 1976; Barry, 1976, 1977; Sé&tald et al, 1976a; Silverman,
1976a; Bugnon et al, 1977a; Mazzuca, 1977; Paulin et al, 1977; Silver-
man et al, 1977). 1In the rat, several groups failed to demonstrate

such immunoreactive cell bodies (see Barry, 1976), but according to

Fuxe et al (1976) some are present in the most rostral part of the
preoptic area and S&tald et al (1976a) described such cells in the
suprachiasmatic area and near the organum vasculosum. Such a rostral
location would be in line with the dramatic reduction in Gn-RE content
of the medial basal hypothalamus after deafferentiation (Weiner et al,
1975; Brownstein et al, 1976c; Palkovits et al, 1976; S&tald et al,
1976b). Nevertheless, these observations do not exclude that certain
Gn-RH producing cells in the rat are located in or mear the arcuate
nucleus, as claimed by Nalk (1975b, 1976 i cf. Brawer and van Houten, 1976).
Obviously, the area containing cell bodies which synthetize Gn-RH is
much larger than the hypophysictropic area as defined by Haldsz et al (1962)
An explanation for this discrepancy is offered by SE8tald et al {1976b)
who assign the special capacities of the hypephysictropic area to
hypophysiotropic substances present in capillaries draining the m.e.
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Furthermore, it can not be excluded that e.g. Gn-RH has peripheral

effects (Bermardo et al, 1977; Corbin et al, 1977).

Consequently, the cells of the antericr pituitary gland are not the only
targets of hypophysiotropic substances and thus, the hypophysiotropic
cells may fulfill tasks other than implied by their name (cf. Gorski,
1977)

4,1.2, the hypothalamo~neurohypophyseal system])

By using the chrome alum haematoxyline method (Gomori, 1941) which stains
the disulphide-rich neurosecretory material, Bargmann (1949) visualized
neurcsecretory cells, with cell bodies located in the supraoptic and
paraventricular nuclei {or precoptic nucleus in anamniotes), axons

passing through the m.e. and terminals leocated in the infundibular
precess (fig. 1 ) Synthesis of oxytocin, vasopressin (antidiuretic
hormone) and neurophysins {cystine-rich proteins that specifically bind
oxytecin and vasopressin) appeared to cccur mainly in the cell bodies,

storage and release in the terminals (Sachs and Takazbatake, 1964;

Fig. i. The hypothalamc-neurohypophyseal system with cell bedies in
the (basal) supraoptic nucleus and (dorsal) paraventricular
nucleus and main termination in the infundibular process
{parasagittal section).

1)

Since the neurcms of this system project preferentizlly to a part

of the neurohypophysis, this term is somewhat misleading.
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Bargmann, 1966; Ginsburg and Ireland, 1966; Sachs et al, 1969;
Norstrom, 19754 Vandesande and Dierickx, 1975; Brownstein and Gainer,
1977). It was furthermore demonstrated that oxytocin and vasopressin
are present in separate neurons (Swaab et al, 1975; Vandesande and
Dierickx, 1975; Vandesande et al, 1975 ) and that in the cell bodies
oxytocin, vasopressin and their respective neurcphysins are packed in
"elementary (neurcsecretory) grapules! or more accurately neurcsecre-
tory vesicles (Palay, 1957; Bargmann and Knoop, 19573 Heller and
Lederis, 1961; LaBella et al, 1962; Barer et al, 1963; Dean et al,
1968; Bridges and Lederis, 1973; Cannata and Morris, 1973). An extra-
vesicular pool of neurohypophyseal hormones and neurophysins can,
however, not be excluded (Norstrom, 1973, 1975; Grainger and Sloper,
1974; Krisch, 1974, 1977; Silverman and Zimmerman, 1975; Leclerc and
Pelletier, 1976).

Although the infundibular process represents the major site of termi-
nation of the hypothalamo-neurchypophyseal system, some collaterals
proceed to the primary plexus in the m.e., ds suggested by the obser—
vations of Arko and Kivalo (1958) and Rinme (1960) and affirmed by
immunohistochemical studies (Leclerc and Pelletier, 1974; Vandesande
et al, 1974, 1977; Silverman and Zimmerman, 1975}. Moreover, certain
cells of this system proJect to the choroid plexus (Kozlowski et al,

1976b) and into the ventricular system (Zimmerman et al, 1973).

Functions

Apart from the well known effects of oxytocin con the smooth muscles of
uterus and mammary glands, and of vascpressin on reabsorption in the
kidney, especially vasopressin may have modulating effects on a

variety of other structures, such as vascular smooth muscles and epi-
didymis and, in addition, on ACTH, catecholamines, cerebrospinal fluid and
menory processes {(Van Wimersma Greidanus et al, 1975; Altura and

Altura, 1977; Hib, 1977; Saffran, 1977; Schwabedal et al, 1977;
Tanaka et al, 1977).

4,2, catecholaminergic systems

The m.e. has an extremely rich catecholaminergic innervation, as is

apparent from

1. chemical estimates ( Clementi ot al, 1971),



2. Falck-Hillarp fluorescence technigue (¥Fuxe and Hokfelt,
1969 Ungerstedt, 1971; Bjorklund et al, 1973; Fuxe et al, 1976;
Lofsctrdm et al, 1976a), 3. immunocytochemistry (Fuxe et al, 1974a,
1976; Swanson and Hartman, 19757 and 4. measurement of enzyme activi-
zies (Palkovits et al, 1974b; Prownstein et al, 1976a, Saito et al,
19777,
Although in mammals several catechelaminergic systems may be involved
(Bjorkiund et al, 1970, 1973; Lifstrom et al, 1976a; Kizer et al,
1976¢), twe main subsystems have been proposed, the tuberoinfundibular

dopaminergic system and the ascending noradrenergic system.

4,2.1, the tubercinfundibular dopaminerglic system

This system seems confined to the medial basal hypothalamus (Weiner et
al, 1972a; Cuello et ai, !973), with the cell bodies in arcuate nucleus
and anterier periventricular nucleus and a projection preferentially

to the primary plexus at the lateral side of the m.e. (Fuxe and HOkfelt,
i969; Jonsson et al, 1972; Ajika and Hokfelt, 1973, 1975 ; Bjdrklund

et al, 1973; Lofstroém et al, 1976a; Scott et al, 1976).

Dopaminergic neurons preject, in addition, through the infundibular
stem to the pars intermedia and the infundibular process (Bjorklund et

al, 1973; Ben-Jonathan et al, 1977).

According to recent data a second dopaminergic system projecting to the
m.e. ariges in the mesencephalon (Kizer et al, 1976c; cf. Fuxe et al,

1977c; Nemeroff et al, 1977).

4,2.2. the ascending mnoradrenergic system

Practically all cell bodies which supply noradrenergic varicosities and
terminals to the m.e., are located outside the hypothalamus {Jonsson et
al, 1972; Weiner et al, 1972a; Cuelio et al, 1973; Swanson and Hartman,
1975; Brownstein et al, 1976a), probably in medulla and pons (Hokfelt
apd Fuxe, 1972b; Bjorklund et al, 1973; Broadwell ané Brighrman, 1976).
The neurons of this system project to several hypothalamic nuclei and

to the internal zone of the m.e., especially subependymaliy. In addition,
some noradrenergic varicosities and terminals are present in the
external zone, especially inm the medial portion (Lofstrom et al, 1976a).

Furthermore, mear the pial membranes noradrenergic nerves and varico-
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sities are present, which are assumed to be exclusively involved in
vascular innervation. Thelr cell bodies are probably located in the

superior cervical ganglia.

In view of the presence of the enzyme which converts noradrenaline to
adrenaline (Brownstein et al, 1976a}, it may be expected that alsc
adrenergic neurons project to the m.e. The concentration of adrenaline
in the m.e. is, however, quite low {Brownstein, 1977) and adrenaline
seems mainly to be present in the internal zome (Fuxe et al, 1976).
Most adrenergic cell bodies seem to be located outside the hypothalamus

(Brownstein, 1977).

Functions

Catecholamines, especizlly noradrenaline and dopamine, have important
roles in the control of gonadotropin secretion (Fuxe and Hokfelt,
1969; Porter et al, 1972; Kizer et al, 1974; McCann and Moss, 1975;
Sawyer, 1975; Xalra, 1977b; Smythe,1977; Yen, 1977). Their effects
are in part exerted within the m.e. (Kizer et al, 1974, 1975; Lofstfom
et al, 1976a,b). With respect tc the rdles of dopamine and noradrena-
line, there is a continuing controversy (see Table VII}. Evidence for
a stimulating effect of noradrenaline and an iphibiting one of dopa~
mine is, at least as far as LH is concermed, growing. Data on effects
of adrenaline are scanty (Table VII).

The possibility that catecholamines act as hypophysiotropic substances
for LH and FSE is not likely (Schneider and McCann, 1969; Kamberi and
McCann, 1969; Kamberi et al, 1970a,b; Porter et al, 1970, 1972;
Hokfelt and Fuxe, 1972a,b; McCann et al, 1972). However, dopamine
may well be the prolactin-inhibiting factor. Dopamine does occUr in
portal blood (Ben~Jomathan et al, 1977), inhibits prolactin release at
the pituitary level (Donosc et al, 1973; Blake, 1976) and has been
implied in the inhibitory short feedback action of prolactin

(Hokfelt and Fuxe, 1972a; Advis et al, 1977; Fuxe et al, 1977 ; Gudelsky
et al, [977).

Dopaminergic neurons projecting tc the pars intermedia may be respon-
sible for the action ascribed tc melanocyte-stimulating hormone-release—

inhibiting factor {Tilders et al, 1975; Tilders and Smelik, 1977).
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Table VII Roles ascribed to different catecholamines

in controel of gonadotropin secretion

dopamine

- iphibitory Fuxe and Hokfelt, 1969; Uemura and Kobayashi, 1971;
Hokfelt and Fuxe, 1972b; Craven and McDonald, 1973;
Miyachi et al, 1973; Sawver et al, 1974; Fuxe et al,
1976, 1977; Gnodde and Schuiling, 1976; Lofstrom et al,
1976b

- stimulatory Kordon and Glowinski, 1969, 1972; Schneider and McCann,
1969, 1970a,b; Kamberi et al, 1969, 1970a,b; McCann et
al, 1972; Clemens et al, 1976; Kordon et al, 1676;
Rotsztejn et al, 1976; Vijayan and McCann, 1977

noradrenaline

- inhibitory Uemura and Kobayashi, 1974

~ stimulatory Cramer and Porcter, 1973: Kalra and McCann, 1973
Ojeda and McCann, 1973; Cocchi et al, 1974; Sawyer et
al, 1974; Tima and Flerkd, 1974; Terasawa et al, 1975;
Drouva and Galle, 1976, 1977; Gnodde and Schuiling,
1976; Gudelsky et al, 1976; Leblanc et al, 1976; Fuxe
et al, 1977c; Hall et al, 1977; Kalra 1977a,b

adrenaline

- inhibitory Blake, 1976

- stimulatory Rubinstein and Sawyer, 1970; Sawyer et al, 1974

4.3, indole—aminergic system(s)

Serotonin (5-hydroxytryptamine), the principle neuronal indole-amine,

is present in moderate concentrations in m.e. and infundibular stem

{Saavedra et al, 1974), as is tryptophan hydroxylase (Brownstein et al,

1976a), the serotonin forming enzyme. Serotonin is not necessarily

present in meuronal elements (Knigge et al,

1975) but according to

Baumgarten and Lachemmayer (1974) indole—aminergic nerve fibres do

occur in the external zone of the m.e.

These fibres seem mainly to be

derived from extrahypothalamic areas (Brownstein et al, 1976a), especi-

ally the nucleus raphe dorsalis {(Palkovits et al, 1977a).

Functions

The effect of serotonin on gonadotropin release has been described

mostly as inhibitory (Korden et al, 1968; Kamberi et al, 1970a;

Schneider and McCann, 1970a; Kordeon and Glowinski,

1972; Labhsetwar,
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1972; Zolovick and Labhsetwar, 1973; Fuxe et al, 1974c; Ladosky and
Wandscheer, 1975; Gallo, 1976). According to recent data on the
oestrous cycle serotonin has, in addition, a (long term) stim:lating
effect (Kordon et al, 1976; Wuttke et al, 1977). The site of action
of the stimulating effect may be the suprachiasmatic and/or precptic
area, whereas the more acute inhibiting effect may be exerted at the
level of the arcuate/m.e. region (Kordon et al, 1976). Serotonin is

also thought to be stimulatory in prolactin release {Meites, 1977).

4.4, cholinergic system(s)

Presence of acetylcholinesterase (Kobayashi et al, 1970) and, mere
importantly, a high concentration of choline acetyltransferase {Brown-—
stein et al, 1975), the enzyme responsible for synthesis of acetyl-
choline, are indicative of cholinergic neurons projecting to the m.e.
The cell bodies of these neurons are probably located in the medial
hypothalamus (Brownstein et al, 1976a), especially in the arcuate

nucleus (Carson et al, 1977).

Functions

Several experiments suggest that acetylcholine is involved in control
of gonadotropin release (Luine et al, 1975; McEwen et al, 1975). It may
in fact facilitate release of Gn-RH (Everett, 1964; Libertun and McCann,

1973, 1976; Fiorindo and Martini, 1975; Gnodde and Schuiling, 1976).

5. Relevance and chjectives

"I am optimistic about the eventual practical value of ali~
most any finding dealing with mammalian reproduction. Never-—
theless, practical value should not be the sole reason or
even a very important criterion inm judging the value of an
investigation, since the esthetic value of the discovery of
the unknown is at least as important’

(gquotation from ancnymous referee, commenting on a grant
applicaticn)

The motive to study a part of the brain which represents on weight
base only 0.02% of the rat brain resides in the extraordinary rodle of
the m.e. in neurcendocrine regulation. As expressed by Harris and
Campbell {1966): 'The median eminence is the key link im neuroendeocrine
relationships'. Indeed, chenges in the internal milieu and in neural

signals derived from higher integrative centres converge upon the m.e.
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where the multitude of signals is converted into release of quota of

hypophysiotropic substances influencing the function of the anterior

pituitary gland.
The importance for life of a proper functioming of the anterior
pituitary gland in controling the major endocrine glands and of the
brain in controling the anterior pituitary gland, is too well known
from effects of brain or pituitary defects and of emotional, emviron-—
mental and seasonal factors, to eleborate upon here. The importance
of the hypophysiotropic substances themselves is indicated by the
profound effects of immunization against Gn-RH {Table I) and is
suggested by their extensive clinical use, both as diagnostic and as
therapeutic tools. Perspectives concern, in the case of Gn-RH or its
analogues, both birth prevention and promotion of pregnancy (Schally
et al, 1973a, 1976b; De la Cruz et al, 1976; Kastin et al, 19763
Nilliuws, 1976; Schally and GCoy, 1977; Vale et al, 1977). Notwith~
standing optimistic expectations, therapevtic use of Gn-RH in
females appears to be faced by severe problems (Corbin et al, 1977;
Vale et al, 1977; Zarate et al, 1977); effects in males are more
promising (Mortimer and Resser, 1977). Diagnostic value of Gn-RH is
limited up to now, although it is of value in assessing the functio-

nal state of the hypothalamo~hypophyseal system (Mortimer and Besser,
1977; Schneider et al, 1977).

Inherent to its presumed key position, the m.e. represents the last
opportunity for the central nervous system to influence directly and
specifically the function of the anterior pituitary gland. In that
respect, it would be surprising if the m.e. would be just a pool of
nerve endings 'passively waiting' for a signal, delivered far away to
dendrites or cell body, to release stored material into the extra-
cellular space. Cbviously (I 3.), numerous complex mechanisms are
operating in the m.e. which together are responsible for the ultimate
release of the hypophysiotropic substances. These mechanisms are at
best vaguely understood and a correlation of structure and function is
tar from established.
This study is an attempt to correlate structure and function in the
m.e. and is focussed on the following subjects, which are related to
the invelvement of neurcnal and non-neuronal elements of the m.e. in
control of anterior pituitary function, especially with respect to
gonadotropin release:
1. gquantitative data on neurons projecting to the primary plexus, with
special reference to release of gonadotropin releasing hormone,
2. granular vesicles as parameter to distinguish different types of
nerve endings,

3. mechanisms of release and the fate of remnants of the release



33

process in relation to the origin and function of microvesicles,
4, r8les of the typical nom-neurcnal cells,
5. plasticity near the primary plexus.
Tt seemed necessary to obtain at first detailed information om certain
features of the ultrastructural organization of the m.e. They concern
qualitative and guantitative aspects, mainly of the area near the
primary plexus (III 1.; see also App. 2 and 3.
A second part of the results (IIT 2.; see also App: 1 and 4) deals with
the mechanism(s) by which bioclogically active substances stored in the
m.e. are released. Since release will inevitably lead to formation of
{membranous) by products, which somehow have to be removed, attention
is also given to events subsequent to release. For this purpose an
extracellular tracer has been used since one mechanism of release
(exocytosis) will necessitate recapture of membrancus material from the
plasma membrane. It may be expected that during this process extra-—
cellular material will be incorporated into the nerve ending.
In the third part (ITII 3.1.; see alsc App. 5 and 6), effects will be
described of disturbing the hormenal equilibrium by castration, which
leads to 2 marked increased release of gomadotropins, and by subsequent
steroid treatment which, in part, counteracts the effects of castration.
The chance of documenting (increased} release of Gn~RH at the ultra-
structural level will be considered.

Cagtration is generally assumed to lead to increased release of
Gn-RH, althcough not all attempts to establish such a relationship are
convincing. Data of Shin et al (1974a) on the concentration of

Gn—RE in peripheral blocd were even indicative of a decreased release.
However, their data have to be doubted seriously since concentrations
found were much higher than those found by others in pituitary portal
blood. In the latter, Increased concentrations of Gn-RH were found
after castration (Ben~Jomathan et al, 1973; Eskay et al, 1974;

Porter et al, 1975, 1976, 1977; Ching, 1976), as was also reported for
peripheral blood by Saito et al (1976).

Moreover, treatment of castrated rats with anti-serum to Gn~RH
resulted in a reduction of serum LH and FSH level (Arimura, 1976).
After castration, there was, furthermore, a pronounced decreasge in
content of Gn~RH in m.e. (Joseph et al, 1975) and (medial basal)
hypothalamus (Moguilevsky et al, 1975; Root et al, 1975; Asai and
Wakabayashi, 1976; Baram and Koch, 1977). There is also evidence that
castration stimulates synthesis of hypothalamic Gn-RH (oguilevsky et
al, 1974, 1975). Castration leads in the m.e. also to increased
protein synthesis (Ter Haar and McKinnon, 1972).

In certain experiments a divisicn will be made between a lateral and

medial part of the m.e., in view of the preferential localization of
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Gn-RH (as well as dopamine} at the lateral side of the m.e. {Barry et
al, 1973; King et al, 1974; Kizer et al, 1976a; Pelletier et al, 1976
Kozlowski et al, 1976a; Lofstrom et al, 1976a). For other, basically
qualitative studies on the effect of castration on the ultrastructure
of the m.e., see T. Kobayashi et al (1969), H. Kobayashi and Matsui
(1969), H. Kobayashi et al (1970), McArthur {i1970), as well as a study
0f Zambrano and De Robertis (1968 ).

In the final part of the results (ITII 3.2.}, effects will be described
of electrochemical stimulation of the medial preoptic area, which
rapidly results in a raised serum LH level.

This increased release of LH is at least in part mediated by an in-
creased release of Gn—RH into portal blcod (Eskay et al, 1974; 1977:
Fink and Jamiesen, 1974, 1976; Porter et al, 1977). Although the
mechanisms invelved are not well understood (Dyer and Burnet , 1976,
Dyer, 1977), release of Gn-RH may be subsequent to an increase in
synthesis {Kalra et al, 1973},

I am well aware that this study is confined to limited aspects of neuro-
endocrinclogy. To make things worse, the study is dealing exclusively
with the rat. However, this species has been used more than any other
species in neurcendocrine studies!)

It may be added that the oppertunity to obtain properly fixed normal
human material of the m.e. is virtually absent, as is the possibility

of experimenting with such material,

In view of the abundance of submicroscopical vesicles as one of the

most conspiclous organelles in the structural elements composing the
m.e,, electron microscopy was chosen as method of approach, notwith-

standing certain disadvantages of this choice.
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I)'I feel that our clinical colleagues have a tremendous tendency to
pooh-pooh the rat data as being irrelevant and immaterial to what
ig going on in the human and yet the more we see of the data obtained
from experiments with humans, the more obvious it becomes that rat

data are giving similar, if not identical results' (Barraclough,
1973).
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II. MATERTALS AND METHODS

1. animals, anaesthesia

Over 1000 adult male rats {(R-Amsterdam, a highly inbred Wistar substrain)
were used. They were kept under controlled conditions {see App.l). The
animal room was lighted from 5.00 to 19.00 hours. Data on female rats
refer to those with a regular 5-day cycle for at least two cycles,as
judged by daily vaginal smearing.

In the standard procedure, rats were removed from the animal rcoom to the
laboratory. There they remained 1-1§ hours before they received an intra-
peritoneal injection of Avertinm {(Winthrop; 0.18 gr/kg body weight}. In
case of brain stimulation or intraventricular perfusion, they were
instead anaesthetized with an intraperitomeal injection of urethane

(2 gr/kg body weight).

2., fixation, dehydration and embedding procedures
For general references, see Hopwood (1972), Pfenninger (1973} and
Glauvert (1974).

2.1. fixation

Primary fixation occurred in the standard procedure by vascular perfusion
(see App.3).

In some experiments, rats were decapitated by a guillotine, without prior
anaesthesia. Fixation occurred in situ with cooled fixative.

To obtain direct fixation of the ventricular lining, fixative solution
was infused into the third ventricle. The outflow was from the lateral
ventricle, A flow rate of 37.5 al/min was obtained by using a Braun-—
Melsungen pump (Type 871020).

As standard fixative a mixture was used of 1% formaldehyde, prepared from
paraformaldehyde, 2% glutaraldehyde (TAAB), 0.02%7 CaCl, and 27 poly-
vinyl pyrrolidone in 0.1M sodium cacodylate buffer, pH 7.4.

In case of in situ and immersion fixation, polyvinyl pyrrolidone was
omitted and in certain experiments 2,4,6, trinitrophenol (see App.l) was
added. After (pre) fixation, the brain was removed from the skull.  The
hypothalamus, including m.e. and infundibular stem, was excised and
immersed into the same fixative solution.

Temperature: 49C, Total fixation time: in case of perfusion, 2-7 hours,
in case of immersion, 5-18 hours.

In certain experiments, tissue was fixed by immersion in potassium per-—
manganate in Locke's solution according tc Douglas and Poisner (1964),

pH 7.0. Temperature: 0°C. Duration: 45 min.

2.2. wash

Aldehydes were removed by rinsing in the same buffer, to which ©.027
CaCly and in addition sucrose was added to the same csmolality as that
of the fixative solution. Temperature: 4°C. Duratiom: at least 18 hours.
In case of fixation with potassium permanganate, the tissue was rinsed in
Locke's solution. Temperature: Q9C. Duration: 10 min. During the rinse
period, the hypothalamus was sliced into corcmal sections in most cases,
using 2 tissue chopper or occasionally a vibratome. Selection of the
slices occurred on the basis of the shape of third ventricle, m.e. and
infundibular stem.

2.3. postfixation ‘
In the standard procedure, aldehyde fixed tissue was postfixed in caco-
dylate buffered 27 osmium tetroxide, to which 0.02% CapCly; and i% sucrose
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was added, pH 7.4. Temperature: 4°C. Duration: 2 hours.

2.4, en bloc treatment with uranyl acetate

Part of the materizl fixed by aldehyde-osmium tetroxide and all material
fixed by potassium permanganate was, after a brief rinse in distilled
water, treated with half~saturated uranyl acetate in distilled water
(pE 4.1). Temperature: 4°C. Duration: 18 hours.

2.5, dehydration

After a brief rinse in distilled water, the tissue was treated with 70%
acetone. Temperature: 4°C. Duration: 30 min. The tissue was sub-—
sequently dehydrated in 90% acetene (room temperature, duration: 30 min)
and 1007 acetone (room temperature, duration: 2 x 60 min).

2.6. embedding

After an impregnation period in a medium containing a l:! mixture of
1007 acetone and Epon 812 (room temperature, duration: 2 hours), the
tissue was transferred to pure embedding medium (temperature 37°C,
duration: 2 hours). After embedding in gelatine capsules, polymeriza-
tion occurred at 60°C (duration 48 hours).

3. sectioning and "stainiag'

Corcnal and sagittal sections of the m.e. and infundibular stem were
made using a Reichert Om U2 or a TKB ultratome IIT. For orientation,

I am sections were stained with alkaline methylene blue. For electron
microscopy, ultrathin sections of silver interference colour (about 80 nm
in thickness) were collected on carbon coated formvar grids. Coating
occurred with an Edwards Speedivac Coating Unit. Ultrathin sectioms
were contrasted with uranyl acetate and/or lead citrate. Uncontrasted
sections were also used; they were collected on bare grids.

4, electron microscopy

For (transmission) electron micrescopy, a Philips EM 300 was used,
operating at 40 or 60 KV and with cbjective apertures of 10 or 20 am.
Enlargement was checked with a carben grating replica (Fullam, type
1002x, 2160 lines/mm).

5. electrochemical stimulation

Four min after injection of urethane, the rats were placed intc a stereo-
taxic apparatus. Two electrodes were oriented bilaterally in the medial
preoptic area, 1.0 mm from the midsagittal plane. The atlas of De Greot
(1959) was used as guide for placement of the electrodes. Bipolar con-—
centric stainless steel electrodes were used (Rhodes medical instruments,
medel SNE-i0Q0, outer diameter 0.25 mm, anodal central lead). Beginning
nine min after injecticn of urethane, the medial precptic area was
stimulated by passing a continuous direct current of 30 ,uA for 60 sec
through each electrode. A Grass stimulator (S-8) and constant current
unit was used. For the sham—stimulated rats, the procedure was similar,
but ne current was passed.

6. treatment with horseradish peroxidase (HRP)

For studying micro-ninocytotic activity, HRP was injected intravencusly
(see App.4-6). HRP (Sigma, type 2, or in special cases Boehringer,
grade 1) was disscolved in Locke's solution. In controls, solvent only
was injected.
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Peroxidase activity was demonstrated according to Graham and Karnovsky

(1966). Tissue chop sections were used instead of frozen sections.

It appeared that the sections were thicker than the dial of the tissue

chopper indicated (50 um). In view of the limited depth of penetration

of the incubation medium, care was taken te use exclusively superficial
ultrathin sections. Incubation occurred at room temperature, during

40 min, After 20 min the medium was replenished.

7. identification of monoaminergic elements

To visualize neuronal elements which are able to accumulate exogenous
monoamines, the m.e. was removed from decapitated rats and incubated in
2 ml culture medium Difco 199 at 37°C in a Dubnoff metabolic shaker under
957 oxygen and 57 carbon dioxyde. Six min after decapitation, the
medium was replaced for medium with or without 5-hydroxydopamine
{5-0HDA; 100 mg/ml). This 'false' meurotransmitter, or its metabolites,
can be accumulated by noradrenergic, dopaminergic and, at the concen-
tration used, serctoninergic varicosities, due to the active {re)uptake
mechanism of these neurons (see Tranzer and Thoenen, 1967, 1968;
Hokfelt, 1968, 1970; Ehinger et al, 1970; Richards and Tramzer, 1970;
Ajika and HOkfelt, 1973).

Fixation followed after 20 min, with either potassium permanganate or
aldehyde—osmium tetroxide.

8. in vitro treatment with stercids

Male rats, castrated 2 or 4 weeks earlier, were treated as in 7., but
after incubation with 5-0QHDA, the medium was replaced with medium 199
with or without testosterone (174 —hydroxy-4-androstene~3-one).
Therefore, 0.70 mg testosterone was dissclved in 7.0 ml absolute ethanol.
To 1 ml of this solution 99 ml of Locke's solution was added. Of this
solution 0.1 ml was added to 1.9 ml of medium 199 to yield a final con-
centration of 50 ng testosterone/ml. Apart from the addition of testo-
sterone, the same procedure was followed for control medium.

Fixation with potassium permanganate followed after an incubation
period of 60 min,

g. treatment with ethanolic phosphotungstic acid

To impregnate synaptic junctions and cores of gramular vesicles (4pp.3),
part of the aldehyde fixed material was treated with ethanolic phospho-
tungstic acid according to Bloom and Aghajaniam (1968a).

10. sizes of granular vesicles
Sizes of granular vesicles were measured with a Zeiss TGZ 3 {(4app.3).

11. X/Y plots

To registrate the distritution of neuromal and nen~neuronal endfeet
directly in the electron microscope, a X/Y recorder was connected to the
mechanical stage of the electron microscope through twe linear potentio-
meters (design, Dr. J. Dekker, Department of Anatomy).
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12. radiloimmunoassay

Serum levels of LH and FSH were meastured according to Welschen et al
(19753)., In the standard procedure, blood was collected from the right
atrium at the start of the perfusion procedure.

For coenvenience, data on LH and FSH, obtained in experiments described
in IIT 3.1., are collectively reported here. Serum levels of IH and
FSH were significantly raised in castrated rats, if compared with sham-
operated controls (6 adult males and 5 adult females per group). Time
indicates the period between operation and sacrifice. Data (+ SEM) are
expressed on the basls of reference preparation NTAMD rat-LH RP-1 and
NIAMD rat-FSH RP-1.

ng LH/ml serum ng FSH/ml serum
castrates controls castrates controls
males, 30 days ) 194,5+14 .68 15.7+0.67 292.0+21.47 157.3+ B8.76

males, 30 days ' | ) 192.0322.62 18.874.87 322.3321.85 132.2%14.35
females, 18 days *°' 171.6+17.51 12.6+2.27 335.4466.48  44.8+22.56
males, 24 hours 61.7% 6.48 10.7+2.11 214.0%14.22 146.7+ 6.37

1y

withdrawal of blood, 20 min after intravencus injection of HRP under
ether anaesthesia

2)

controls refer to females sacrificed at di-oestrous I

Tn male rats, castrated 30 days earlier and treated during 3 days with
oestradiol benzoate in arachid oil or with oil only (see IIT 3.1.),
serum LH levels (+ SEM) were resp. 138.2 + 12.38 and 210.6 + 30.69
ng/ml and serum FSH levels 364.5 + 17.28 and 359.6 + 7.05 ng/ml (for
both groups, n=5). -

13. statistics

The Wilcoxon two—sample test was used for statistical anzlysis.
The means were considered significantly different if the double tail
probability was smaller than 0.05.
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ITI. RESULTS

Unless otherwise stated, the following applies.

Data refer to coronal sections of the midecentral regiom (see fig. 7)
of the m.e. of avertin anaesthetized, adult male rats of varying age,
which had been perfused between 11.00 and 16.00 hours with a mixture
of formaldehyde and glutaraldehyde. The m.e. was postfixed with osmium
tetyoxide. When rats were treated with horseradish peroxidase (HRP),
they received an intravencus injection of 25 mg ERP/100 gr bedy
weight.

The term varicosity indicates an axonal swelling, the term neurocnal
endfoot, a varicosity in contact with the outer basement membrane.
The term neurcnal profile indicates a cross—-section of an axon, of a
varicosity or, exceptionally, of a dendrite. A non-neurcnal profile
indicates a cross—section of a non—meuronal cell body, process or
endfoot.

Quantitative data on neurcnal and non—neurcnal endfeet include all
endfeet at the outer part of the palisade zone (sub-zone A) which
endfeet are present at the base of the infundibular recess in an
ultrathin section of silver interference ceolour. Data refer to one
half of the m.e.

Means are given with the standard error of the mean.

For convenience of the reader, the rather detailed data of each para-
graph are preceeded by a summary.

1. General qualitative and quantitative data on the ultrastructural
organization of the median eminence

1.1, differences btetween neuronal and non-neurcnal profiles

SUMMARY  Axonal swellings in the external zone of the m.e. are choracter—
ized by synaps-1ike microvesicles and, frequently, numerous granular
vesicles; lipid droplets, ribosome-like particles and gramuilar endo-
plasmic reticulum ave absent. These characteristics are in contrast to
those of non—neuronal profiles {see Table I).
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Fig. 1. Neuronal and non-neuronal profiles of the m.e., located near

the outer basement membrane of the primary plexus (see Table 1 for
explanation of numbers and letters). Material was fixed in aldehyde-
osmium tetroxide, as in the other electron micrographs (fig. 5,6
excepted). With the exception of material treated for demonstration

of peroxidase activity (fig. 20-24), these electron micrographs were
derived from tissue treated enm bloc with uranyl acetate.

If not specified, electron micrographs concern areas close to the primary
plexus as frequently shown by the presence of the outer basement membrane
(arrowhead).

F processes of fibroblasts x 30.000
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Table 1 Characteristics of neuronal and non-neuronal profile

neuronal

1)

I. close to the basement membrane

1. either a varicosity measuring up to 5 am in width or an axon¥
2. cytoplasm relatively electron-lucent

3. electron—lucent microvesicles* about 50 mm in diameter

4. granular vesicles about 60-160 mm in diameter

5. mitochondria oval or rounded, mostly larger than 0.2 um in width
6. invaginations of the plasma membrane about 50 mm in diameter

7. mierotubules

8. small cisterns of agranular reticulum

G, synaptoid contacts¥*with non-neuronal profiles

0. dense, frequently myelinated bodies; autcophagic vacuoles

2., away from the basement membrane

1. either an axon* or z varicosity measuring up to 30 am in width
2. microtubules, visible especially in axons

3. granular vesicles

4. microvesicleg*®

5. agranular reticulum

6. synaptoid contacts®

non-neuronal

I. c¢lose to the basement membranel)

a. profiles highly wvariable in size and shape

b. cytoplasm variable in electron-density

c. ribosome-like particles®*

d. microfilaments

e. microtubules

f. mitochondria elongated, mostly smaller than 0.2 um in width

g. tubular or rounded agranular endoplasmic reticulum, frequently with
material of high electron-density and highly variable in size

h, vesicular material of variable size and of irregular shape, with
and without electron-dense material

i. lipid droplets*

j. granular endoplasmic reticulum¥

k. invaginations of the plasma membrane larger than 60 nm in diameter

1. tight junctions with other non-meuronal profiles

2

. away from the basement membrane

a. profiles mostly fibre-like, of considerable width, and oriented from
the infundibular recess towards the primary plexus

b. ribosome-like particles®

¢, adundant mierotubules

d. microfilaments

e. abundant agranular endeplasmic reticulum

f. lipid droplets*

g. granular endoplasmic reticulum™

see fig. 1

* of determinative value
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Two types of ectodermal profiles are present in the m.e.: neuronal and
non-neurconal. Thelr characteristics are summarized in Table 1 {see

also fig. 1). A division is made between profiles located close to the
outer basement membrane of the primary plexus (say, within 5 um} and
those away from the basement membrane. The characteristics are arranged
roughly in decreasing order of frequency. They refer to material fixed
in aldehyde-csmium tetroxide.

1.2. special features of the neuronal elements

SUMMARY Throughout the m.e., synaptoid contacts with non—neuronal
glements were present. Certain varicostties showing such contacts weve
thought to belong te peptidergic newroms. Synaptic specializations
praesent between axons, were practically absent but close contacts were
UMY OUS .

Microvesicles constituted a heterogereous group of organelles as shown
by pretreatment with the 'falee' transmitter 5-CHDA, since only micro-
vesteles of certain vartceosities acquired electron—dense material. This
was most pronounced if fixation occcurved with potassgium permangonate.
Thege varicosities were assumed to belong to moncaminergic neurcns. The
monoaminergic varicosities weve present throughout the m.e. but were
preferentially located at the lateral side of the m.e. near the primary
plexus.

Certain non—monoaminergic profiles were, after fimation with potassium
permanganate, characterized by numerous electron—lucent vegicles of the
(vartable) sizes of the gramular vesicles (GV) seen after aldehyde-
osmium tetroxide flxation. These profiles, probably, belong to pepti-
dergic neurons. In comparing preterminal and terminal parts of their
axons, there was no evidence for a difference itn size of GV. GV and
microvesicles were preferentially located near the primary plexus.

NN I AR A SN NSNS AN AT LA I NN RN A NN RN AN NGNENT R AN NN

Fig. 2. Neuronal profile containing a demse body (D), mitochondria (M),
pumerous GV (G), and microvesicles (¥ ) accumulated mear a synaptic
contact. In all probability, the postsynaptic structure (%) is an
axon. x 32.000

Fig. 3. Broad tanycyte-like process, with lipid droplet (L) and
elongated mitochondria (M), and adjoining varicose axons, all oriented
from infundibular recess towards primary plexus (palisade zone). Note
two synaptoid contacts (%) with accumulations of microvesicles in
varicosities containing, in addition, GV about 100-130 mm in diameter
x 25.000

Fig. 4. Monoaminergic and non-aminergic profiles located near the
basement membrane (A} after incubation with 5-OHDA and fixatiomn with
aldehyde-osmium tetroxide. Note the presence of small electron—dense
organelles in several mono-zminergic (k) profiles. Two nerve profiles
containing several GV are without such small electron-dense organelles.
These non—aminergic, probably peptidergic profiles contain large numbers
of electron—lucent microvesicles. Lateral part of sub-zone A; four
weeks post—castration. x 30,000
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1.2.1. synapses and synaptoid contacts

Axoscmatic and axodendritic synapses were small in number and restricted
to the intermal zome. In the external zome, synapses were, with one
possible exception (fig. 2), not observed. Absence was supported by
negative results after aldehyde-ethanolic phosphotungstic acid, a proce-
dure used to reveal synaptic junctions. It has, however, to be menticned
that adjacent varicosities without interposed non—neuronal processes are
a common feature of the external zone.

Synaptoid contacts with non-neuronal elements (fig. 3) were present
throughout the m.e. Postsynaptic specializations were generally completel
absent and the contacts were not well revealed by aldehyde—ethanolic
phosphotungstic acid. The vesicular centent of varicosities showing synap
told contacts varied. Occasionally, large numbers of GV were present,
mostly 80-110 nm in diameter, and sometimes larger in sizes (fig., 3).

Since GV present in monocaminergic profiles of the external zone appeare
to be relative small in size and number, whereas GV in peptidergic
profiles can be large and numercus (IIT !.2.4.), part of the above
mentioned varicosities showing synaptoid contacts may belong to pepti-
dergic mneurons.

1.2.2, granular vesicles (GV)}

Distribution - Passing through the palisade zone in the direction of
the primary plexus, thus from sub—zone D to A (fig. d), the relative numbe
of nerve profiles with GV increased (20.8, 29.3, 41.1 and 48.77 respecti-

vely), as calculated from data mentioned in App. 3, Table 2. This pheno~
menon is further supported by data mentioned in III 1.4. (Table 2), where
GV were present in 74.8% of the nerve profiles in contact with the outer
basement membrane of the primary plexus. Furthermore, certain varicositie:
located mear the primary plexus appeared to contain over 2000 GV.

Apparently, GV are in the external zone preferentially located near the
primary plexus.

Sizes — In App. 3, it was mentioned that, in the palisade zone, GV
were relatively small near the basement membrane. One possible cause was ¢
diminution in size of GV in the terminal part of the axens. Therefore,
sizes of GV were measured at different distances from the basement membrar
in serial secticns of axonal profiles with nmumerous (in one case 297) GV.
Lengths were mostly confined to 10 am. No consistent differences in mean
sizes of GV were found between preterminal and terminal parts of the axont
studied,

This indicates that at least in the last 10 mam of an axon abrupt change:
in sizes of GV are uncommon-

1.2.3. microvesicles

Distributien ~ Microvesicles were present in all varicosities showl
synaptic or synaptoid contacts and were especially numerous near the
primary plexus. Deep In the palisade zone (sub-zone D), less than 25% of
the nerve profiles contained microvesicles (App. Z, Table 1), against 657
of the nerve profiles localized within 10 am from the ocuter basement mem-—
brane (App. 5, Table 1), and against 99.5% of the nerve profiles contactin
the outer basement membrane (App. 6).

Thus, microvesicles are a prominent feature of the varicesities con~
tacting the outer basement membrane of the primary plexus.
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Heterogeneity - The frequency distribution of the microvesicles
showed a sharp peak at 45-50 nm but they ranged roughly between 30 and
60 mm. Between different varicosities differences in size, shape and
distribution of the microvesicles was occasionally apparent. Micre-
vesicles of only certain varicosities acguired electron-dense material
after incubation with 5-hydroxydopamine (III 1.2.4.)

These observations indicate that microvesicles represent a hetercgeneous
group of organelles.

1.2.4. monoaminergic and non-aminerglic varicosities

Certain nerve profiles located near the primary plexus were characterized
by small electron-dense organelles if fixation with aldehyde-osmium
tetroxide was preceded by incubation with 5-OHDA (II 7.). These organelleas
resembled small and flat microvesicles as well as tubular membrane-bound
reticulum (fig. 4). Such organelles were absent after incubation without
5-0HDA. Characteristically, nerve profiles containing numerous GV were
devoid of such small electren—dense organelles (fig. 4).

Nerve profiles which, after incubation with 5-0BDA, become characterized
by such small electron-dense organelles probably belong to monoaminergic
neurons, in view of the documented accumulation of 5-0HDA in this type
of mneuron {II 7.). Nerve profiles which are, after such an incubation,
characterized by the presence of numercus GV and absence of small
electron-dense organelles represent probably varicosities of non-(mono)
aminergic, presumably peptidergic neurons (see below).

Differentiation between presumed monoaminergic and non-aminergic varico-
sities appeared to be easier if incubation with 5-0HDA was followed by
fixation with potassium permanganate. Then, the following was cbserved
in the external zone.

1.2.4.1. differences between monoaminergic and non-—aminergic
varicosities
Due to accumulation of 5-0HDA, there were two different types of varico-
sities, as based on presence or absence of distinct electron—~dense material
in microvesicles (fig. 5-6). The respective profiles are called monocaminer-
gic znd non-aminergic (for references: II 7.). In thus defined monoaminer-—
giec profiles, practically all microvesicles contained electron-dense
material; such material was in addition present in GV of about 20-100 nm
and in membrane-bound organelles resembling smooth endoplasmic reticulum.
Such electron-dense material was completely absent from the other, viz.
nen—aminergic profiles.
The moncaminergic profiles differed in more respects from the non—aminergic
ones:

a. the microvesicles with electron—dense material, the so-called small
granular vesiclesl), were distributed rather hemogensously in their varico-
sities, whereas the electron-lucent microvesicles of the non—aminergic
profiles were occasionally present in central clusters of over 100 micro-

EEFlsIEE R AE AR EN I AR NN S NN NS AL A AN NGNS IR SR NIOERA IR RN RORAR R

1 . . . . . L .
)Note that in aldehyde-osmium tetroxide fixed material, another distinction
between small and large granular vesicles was made (App. 2,3)
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vesicles, especlally after castration (compare fig. 4),
b. in contrast te monoaminergic profiles in which GV were scanty or
absent, non—aminergic profiles frequently contained numerous vesicles
of the size of GV (fig. 5). These vesicles will be denoted as "GV’
because of their low electron-density. The characteristic vesicles of
150~220 nm, localized in the axons of the hypothalamo-neurchypophyseal
system, were also of this low electron-density after permanganate fixatior
¢, monoaminergic profiles seemed relatively small, Their mean cross-—
sectional area was laterally in sub-zone A (.46 + 0.07 and medially
0.39 + 0.03 am?, versus 0.60 + 0.03 and 0.67 + 0.12 am? for non-aminergic
profiles (means derived from 5 rats; number of profiles involved: 483).

1.2.4.2., distribution of moncaminergic profiles

a. The following example gives an impression of the multitude of momo-
aminergic profiles present in different layers of the m.e.
Profiles located laterally to the floor of the infundibular recess were
excluded. The data show, form dorsal to basal, the relative numbers of
varicosities belonging to monoaminergic meurcns:

internal zone 207 (n=164)
dorsal palisade zome (sub-zone D and C) 137 (n=375)
basal palisade zone (sub-zone B and A) 25% (n=550)
zona granulosa 227 (=237}

Nerve profiles of sub-zcne A located at the outer basement membrane were
for 33%7 (n=311) monoaminergic in this preparation, whereas in two other
preparations figures of 18% (n=521) and 21% (n=470) were found. This
indicates that roughly 257 of the neuronal endfeet at. the outer basement
membrane were monocaminergic.

b. In the lateral part of sub-zone A, the percentage of moncaminergic
profiles tended to be larger than medially {41 + 7.5 and 24.9 + 4.5,
regpectively means derived from 5 rats).

¢. Most monoaminergic profiles in the intermal zone differed from those
in the external zone by the presence of several large GV and limited
numbers of small granular vesicles.

d., In direct vicinity of the pial wvessels, small clusters of moncaminer—
gic and non-aminergic varicosities were present. The small granular
vesicles in the monoaminergic varicosities were characterized by
electron—dense cores, considerably larger than those in the external zone.

Obviously, these monoaminergic and mnon-aminergic varicosities reflect
respectively, the noradrenergic and cholinergic innervation of pial
vessels (Edvinsson et a1, 1972; Hartman, 1973).

e. Frequently, monoaminergic and non-aminergic profileswere located in
proximity, without interposing non-neurcnal processes (fig. 4-6).
Fig. 5-6. Incubation with 5-0HDA and fixation with potassium permanganate
(compare with fig. 4 ). Monoaminergic profiles (k) show electron—dense
material especially in microvesicles (small granular vesicles), while
microvesicles in non-aminergic profiles are electron—lucent.

Fig. 5. Note the large electron~lucent vesicles {('GV') in a typiecal
peptidergic profile (P), without small granular vesicles.
L distorted lipid droplet in non-neurcmal profile,

x 40.000; inset x 80.000

Fig. 6. Note electron-dense material in non-neuronal profiles (v),

C collagen fibril in perivascular space x 35.000
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Probably, the moncaminergic profiles seen near the primary plexus
{especially those laterally) mainly belong to dopaminergic neurocns,
since

1. there is a massive projection of dopaminergic neurons, and not, as
far as known yet, from other catecholaminergic neurons, to the external zo
of the m.e. (I 4.2.); there moncaminergic profiles were numerous
(1.2.4.2.a),

2. dopaminergic neurons project preferentially to the lateral side of
the external zonme (I 4.2.1.); there the percentage of monocaminergic
profiles was particularly high (1.2.4.2.b),

3. the moncaminergic varicosities present in the external zone differed
in ultrastructure from the presumed noradrenergic ones located near the
pial vessels and in the intermal zome (1.2.4.2, c,d).

It is added that also serotoninergic neurons may accumulate 5-OHDA
(1L 7.).

Prcbably, the numerous nerve profiles in the external zone which, after
5-0HDA and potassium permanganate fixation contain neither small granu-
lar vesicles nor large GV, but instead numerous electron-lucent vesicles
of the sizes of GV, belong to peptidergic neurons, since

1. there is no evidence for accumulation of 5-OHDA by peptidergic
varicesities (Ajika and Hokfelt, 1973; 11 7.),

2. peptidergic varicosities are numerous in the external zone {I 4.1.1,,
v 1.1.),

3. it is not to be expected that small peptides like the known hypo-
physiotropic substances nor carrier proteins (if present) are retained
by permanganate fixation; this would explain the electron-lucent
appearance of the 'GV' in the non-aminergic profiles,

4. on the basis of immuno-electromicroscopical studies (IV 2.1.),
numerous electron-lucent 'CV' are to be expected in varicosities of
(peptidergic) hypophysiotropic neurons,

5. also "GV' larger than 110 nm are expected to be present in such
varicosities, whereas GV of such size were practiczlly absent in mono-
aminergic profiles,

6. the large vesicles localized in the axons of the hypothalamo-neurc—
hypophyseal system, a peptidergic system ( I 4.1.2.), had the szme
electron-lucent appearance as the 'GV' present in the presumed
peptidergic profiles of the extermal zomne.

Non-aminergic profiles without 'GV', or with very limited numbers of
'GV', may represent varicesities of peptidergic meurons in a special
functional state {(App. 6), but may as well represent other (non-—
aminergic) neurons.

For material fixed by aldehyde-osmium tetroxide, the observations imply
that profiles with many GV, especially in case of GV larger than 110 mm,
belong to peptidergic neurons. Those containing many microvesicles and
small numbers of GV may represent monoaminergic neurons but peptidergic
ones as well. The nature of profiles with (almeost) exclusively micro-
vesicles will be diverse, including terminals of chelinergic neurons
(see e.g. Lentz and Chester, 1977).



49
1.3. distributicen of neuromal and non-neuronal endfeet

SUMMARY Fig. 8-13 give q viswal impresston of the distribution of
neuronal and non-neuromal endfeet at the primarvy plexus. At the boundaries
of the m.e. (pars orvalis) as well as in the m.e. pars caudalis neuronal
endfeet were scarce. In these areas non—neuronal evdfeet were relattvely
large. Most non—-neuronal endfeet were characterized by the presence of
electron-dense organelles, which were practically absent im the zona
granulosa and were not seen outside the m.e. Non—neuronal endfeet were
relatively numerous at sites where the pars infundibularis was absent.

The m.e. is a far from homogeneous structure. In addition to distinct
horizontal layers (I 2.3.; App. 2,3), there are differences between
medial and lateral areas (III 1.2.3.). Therefore, the distribution of
neurcnal and non-neuronal endfeet along the outer basement membrane of
m.e. and infundibular stem was analyzed using a X/Y device (II 11.}.

The observations concern 3490 profiles (fig. 7-13), all derived from one
male rat.

1.3.1. neuronal endfeet

0f the profiles amalyzed, 43% was neuronal in nature. Keuronal endfeet
(cirecles) were concentrated in the central part of the m.e., rostral to
the infundibular stem (fig. 8,11). Here, the bulk of the zona granulosa
was located { open symbols). At the lateral and rostral side of the m.e.
neuronal endfeet gradually diminished in number and in the m.e. pars
caudalis neurcnal endfeet conly occurred close to the rostral infundibular
stem. At the dorsal side of the infundibular stem, neuronal endfeet were
relatively scarce.

1.3.2. noen-neurcnal endfeet
There were, between medial and lateral areas, differences in presence,
size and shape of the non-neuronal profiles. In the lateral part, non-

neuronal endfeet were relatively numerous and large (triangles in fig.
11, at right).

This suggests that the function of the non-neuronal endfeet laterally
and medially in the m.e. is not identical, As a consequernce, data on non-
neurenal endfeet have to be specified for location.

It is emphasized thar the appearance of the mon-neuronal endfeet at the
lateral side of the m.e. is quite different from the non-neuronal profiles
lateral to the sulcus infundibularis, i.e. cutside the m.e. There, numerous

thin non-neuronal profiles are present, arranged in parallel to the outer
aspect of the brain.

A preponderance of non-neuronal endfeet was not only apparent at the
lateral side of the m.e. but also at the rostral side, in the m.e. pars
caudalis and, less outspoken, in rthe infundibular stem. It is noteworthy
that, in general, non-neuronal endfeet were relatively numerous at sites
where the pars infundibularis was absent.

Non-neurcnal endfeet with electron—dense organelles (A) were present
throughout the m.e. (and not outside of it). Such endfeet were numercus at
the lateral side of fig. 1le. They were scarce in the infundibular stem,
except rostrally, and practically absent in the zona granulosa.
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Fig. 7. Schematic drawing of a rat brain to illustrate the locations of
the sections used for fig. 8-13. Fig. a,b and ¢ represent sagittal
sections and d,e,f and g coronal sections, from rostral to caudal. The
infundibular stem is at right in fig. ¢. In fig. c-g, the pars infundi~
bularis is hatched. * (infundibular recess) of third ventricle

The area corresponding to <2 and e is referred to as the midcentral
region of the m.e.
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basement membrane of the
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Figures are arranged from
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1.4, some gquantitative data on vesicular content of neuronal
endfeet

SUMMARY  Especially nerve profiles which contatned 31-40 microvesicles.
and relatively small numbers of GV were wuwmnercus at the outer basement
membrane of the primary plexus. There, nerve profiles without micro-
vesicles were absent, in contrast o profiles without GV. There was no
itnverse numerical relationship betweewn microvesicles and GV.

One of the most striking differences betwsen most varicosities present in
the m.e. and those characteristic for nervous tissue cutside the neuro-—
hypophysis is the abundance of large GV in the m.e. Microvesicles are
present in varicosities in and outside the m.e. but whether their functions
are comparable is not known. Therefore, the presence of both microvesicles
and GV was analyzed in nerve profiles contacting the outer basement mem-—
brane. Data from one rat are reported. They concern 1510 profiles con-—
taining roughly 120.000 vesicles.

Calculated over all neurcnal prefiles, about 75 microvesicles and 5.6
GV were present per profile. In profiles containing exclusively micro-
vesicles, per profile about 64 microvesicles were present, versus about
79 microvesicles and 7.5 GV in the remaining profiles.

This indicates that, at the outer basement membrane, the number of
microvesicles is relatively high in profiles containing GV. This was
a general tendency in our material of both males and females, and
possibly is related to release by exocytosis.

Profiles with 31-40 microvesicles were numerous at the basement membrane,
practically independent of the number of GV (Table 2). There was no
inverse numerical relationship between microvesicles and GV. Nerve
profiles without microvesicles were not identified at the basement
membrane, in contrast to profiles without GV {25.27)

Assuming that in the m.e. biologically active substances are stored in
GV, then microvesicles seem somehow indispensable for release, since
profiles with GV but without microvesicles were practically absent at
the basement membrane (ses IV 3.),.

The tremendous variation in ratios of microvesicles and GV does not
support the inverse numerical relationship mentioned by several
authors (Daniel and Lederis, 1966); Monroe and Scott, 1966; Bergland
and Torack, 1969. Absence of such a relation is at least in part

due to different types of endfeet (III 1.2.3.).

1.5. estimate of the numbers of neuronal and non-neuronal
endfeet and of the number of granular vesicles

SUMMARY  According to a rough estimate, 1.4 x 10° newronal and non—
neurcnal endfeet were present at the outer basement membrane of the m.e.
About 45% was neuronal in nature. In the whole m.e., roughiy 1.6 = 109
GV were estimated to be present.
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Table 2 Relative numbers of individual nerve profiles as
characterized by their respective numbers of
microvesicles and granular vesicles

numbers of
gran.ves. 0 I 2 3 4 5 6-10 11-20 21-30 31-40 40

microves.

- 10

z.3 2.1 1.7 0.5 G, 0.3 1.1 0.1 0.1 - - 8. ¢
1= 20 3.5 1.8 1.7 0.4 0.7 0.3 1.1 0.5 0.1 - 0.1 14,2
21- 30 2.7 1.1 .o 6.7 0.7 0.3 1.7 0.8 0.1 0.1 - 3.2
31- 40 5.5 1.8 2.7 1.5 1.5 0.7 2.8 il 0.3 0.1 - 18.2
41- 50 1.¢ 1.3 0.3 0.3 0.4 0.5 1.5 0.9 0.3 - - 7.8
51- 60 2.0 1.2 1.0 0.4 0.5 0.3 1.6 0.9 0.1 - ~ 3.0
61-100 4.4 2.5 2.9 1.4 2.0 1.0 4.7 4.5 1.0 0.3 - 247
101-200 2.1 0.5 0.5 0.4 0.8 0.7 2.1 1.7 0.8 0.1 0.2 4.8
201-300 0.7 0. 0.2 0.2 0.2 I 0.5 0.5 0.3 - 0.3 3.1
301-400 0.1 ©.1 - - a.] - - - 0.1 0.2 - 0.8
>400 - 0.1 - - - - 0.1 - 0.1 0.1 0.1 4.3
25,8 1z.6 1.2 8.8 7.6 4.2 7.2 11,9 3.8 7.8 G.7

All profiles (n=1510; 100%Z) were located at the outer basement membrane
of the primary plexus.

In italics, total percentages per group.

number of endfeet

There are no data on the number of neuronal and non-neuronal endfeet
located at the basement membrane of the primary plexus of any species.
Here follows, for the rat, an admittedly rough estimate, which is based

on the following assumptions derived from light microscopical and

electron microscopical estimates:

l. a2 total contact area along the basement membrane of the primarv plexus
cf 2 x 106 umz, 2. a contact area occupled for 35% by neurcnal and for
657 by non-neurcnal tissue, 3. a mean contact area for neuronal endfeet
of 1 amZ and for mon-neuronal endfeet of 2 um?. Then, 0.70 x 106 peuronal

endfeet and 0.65 x 106 non-neuronal endfeet are present at the basement
membrane.

numbers of granular vesicles
In material treated with ethanolic phosphotungstic acid, cores of GV were
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markedly electron-dense (App.3, fig. 3), which enables visualization at
low magnification. By counting, at & magnification of 10.000 x, the cores
present in a coronal section, about 80 mm in thickness, taken from level e
(fig. 7) of the m.e., the total number of GV present appearad Lo be about
103, A figure in the same order of magnitude was obtained if the mean
mmmbers of GV/um? {App.2), were used for calculation. If it is assumed
that 1. the estimated number of GV is more or less representative for the
m.e., 2. the volume of such a section is 0.0057% of the velume of the m.e.
and 3. for 10%Z of the GV counted the centre was located in an adjacent
secticn, then 1.6 x 10 GV were present in the m.e. Notwithstanding the
enormous numbers of GV present in certain varicosities of the internal zone,
most GV were present in the external zone.

2. Mechanisms of release and possible events subsequent to release

2.1. mechanisms of release

SUMMARY  Fustions of GV with the plasma membrane and omega-shaped configu-~
rations of the plasma membrane, occasionally enclosing core material
located in the extracellular space, were indicative of release by exocyto—
stg. Such configurations were exclugively present near the primary plexus,
but zites of release were not restricted to that part of the endfoot in
contact with the outer basement membrane of the primary plexus. In certain
endfeet, such membrane configurations were numerous.

In addition to the observations reported in App. 1, the fellowing is
mentioned.

Configurations suggestive of release by exocytosis (fig. 14-19) were espe=
cially found in nerve profiles contacting the basement membrane of the
primary plexus but the configurations were not preferentially located aZ
the outer basement membrane. Tn a collection of 159 of such configurations,
which included fusions of GV with the plasma membrane and similar sized
omega-shaped configurations of the plasma membrane with and without extra-
cellular core material, only 15% was located at the basement membrane.

Some other features were the following:

1. in case GV were located near the plasma membrane, delicate filaments
were frequently present between the respective membranes,

2. a common feature of the omega-shaped membrane configurations was the
presence of a bristle coat at the cytoplasmic side (fig. 15,16,18; App. |
fig. 1b),

3. occasionally, features compatible with exocytotic release were associa-
ted with profound invaginations of the plasma membrane (fig. 14,15;App. 5,
fig. 37,

4. extracellular core material was localized between plasma membrane and
basement membrane and was never seen at the vascular side of the outer
basement membrane,

5. in some cases, subunits could be discerned in extruded material (fig.
17,18,19; App. 1, fig. 5),

6. certain neuronal endfeet were characterized by several omega-shaped
configurations of the plasma membrane and/or by several extruded cores
(fig. 14; App. 5, fig. 3), although the total number of such phenomena seen
was small ,

7. membrane phenomena suggestive of release by eXocytosis were observed
in nerve profiles containing different mean sizes of GV,

8. exceptionally a microvesicle seemed to arise directly from an omega-
shaped configuration of the plasma membrane (App. 1, fig. 6).
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The observations indicate that at least certaln neuromnal endfeet can
release the contents of the GV by exocytosis. By such & mechanism
massive release of hormones seems possible.

2.2, 'uptake' of an extracellular tracer (horseradish
peroxidase, HRP)

SUMMARY  Already one mirute after tntravenous injection of HRP, perozidase
activity could be demonstrated in microvesicles present in newronal endfesz
at the primary plexus. Subsequently, HEP became located in larger organell
Certain varicesities showed accumulations of such large HRP-loaded ovganel
indicating pronownced upteke of HRP. Part of the incovporated HRP appeare
to be transported in tubular membrane-bound organelies to perikarye locate
in the arcuate wucleus and the inmternal zone of the m.e.

Uptake and aecumulation of HRP was in non-neurcnal endfeet slower and less
pronounced than in neuronal endfeet. There was evidence for gccumulation o

HEP én the apical part of the ependymal cells, thus near the cerebrospingl
Fluzd.

WA O o R AN A N S MANAOE AR Al i R EE NG a I NN NN MMk FUNEE NN NGNSV ENNAASREOEEAENEANEROEE

Fig. 14, Drawing of three consecutive sections of a neuronal endfoot.
Note profound invagination of the plasma membrane and several granules
in an extension of the perivascular space (2%¢). The granules are assumed
to be cores of GV after release by exocytosis (see further, legenda
to fig. 3, App. 5). GV have been drawn without core.
Fixation 30 min after sham-stimulation of the medial preoptic area and
20 min after intravenous injection of HRP (III 2.2.).
x 25.000

Fig. 15a,b. Consecutive sections of a neuronal endfoot in the zona
granulosa with a coated (arrow) invagination of the plasma membrane
Possibly, one GV (%), is in the process of exocytosis.

Female rat; oestrus; nembutal anaesthesia. Fixation 24 hours after
electrochemical stimulation of the medial preoptic area. x 75.000

Fig. 16-19. Examples of neuronal profiles with omega-shaped configuration
of the plasma membrane, occasionally enclesing extracellular material.
This material is assumed to represent the extruded content of GV, in which
subunits can be discerned (k). Certain omega-shaped configurations show
a coat (arrow) at the cytoplasmic side of the plasma membrane,

Fig. 16. Note also GV (O possibly fused with the plasma membrane of a
neuronal profile characterized by the presence of dense bodies and
relatively flat microvesicles. x 55.000

Tig. 17. UNote also small omega—shaped configurations of the plasma
membrane (V¥ ), suggestive of micropinocytotic activity.

E extension of the perivascular space, lined by the ocuter basement
membrane (¥ ) See further p.8&4. x 35.000
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Since part of the synaps-like microvesicles were thought to arise by
micropinocytosis to compensate for the effect of release by exocytosis
(App. 1), it was attempted tc study micropinocytotic activity by uptake
of HRP (for a preliminary note, see App. 4). HRP is an enzyme, which

is not able to pass intact membranes and which is used as extracellular
tracer.

In addition, attention was given to the penetration of HRP into the m.e.
and to a possible role of the non-peuronal cells of the m.e. in transpor-
ting foreign material.

2.2.1., endogenous peroxidase activity

In tissue chop sections treated for demonstration of peroxidase actiwvity
{(IL 6.), accumulations of reaction product were observed in glial cells
located in a restricted area lateral and dorsal te the m.e. This area
mainly comprises the arcuate nucleus. At the ultrastructural level,
pronounced endogenous percxidase activity was only observed in these
cells, which on the basis of abundance of microfilaments probably are a
specific type of astroglial cells (cf. Sherlock et al, 1973).

2.2.2. localization of (exogenous) HRP

2.2.2.1., extracellular space

Male rats were fized by perfusion at different intervals after injectiom
of HRP into a tail vein (from one min. to 24 hours). Tissue chop sections
derived from rats fizxed one min. after injection showed, after in-
cubation, a diffuse brown reaction product in the basal part of the m,e.
With longer pericds between injection and fixation the brown area became
progressively larger, but was no longer visible 7 hours after injectiom.
Fixation 60 min after injection resulted in a brown area which probably
included the whole arcuate nucleus as well as parts of the ventromedial
nucleus.

The observations fit in with the concept that the m.e. is located out-
side the blood-brain barrier. As a consequence, HRP can penetrate the
extracellular space of the m.e. and subsequently reaches even areas
outside the m.e, thus inside the blood-brain barrier.

At the ultrastructural level, traces of reaction product, mostly adhering
to the plasma membrane, were in the extracellular space already present
one minute after injection. They were seen in the external zome, in the
internal zone and in nearby parts of the arcuate nucleus up to 135 min
after injection, but no longer after 7 hours. Occasionally, it was
evident that HRP could not pass the tight junctions which seal the apical
parts of the ependymal cells of the m.e.

Thus, there is an extremely rapid transport of HRP from the capillaries
through the m.e. Passage from the extracellular space of the m.e. into
the infundibular recess seems restricted by tight junctiocns. Within 7

hours HRP is removed again from the extracellular space.

The extracellular space showed after decapitation and immersion fixation
much more reaction product than after perfusion fixation. Obviously, part
of the HRP is removed from the extracellular space during the perfusion.

2.2,2.2. neuronal profiles
After intravenous injection of HRP, certain microvesicles became loaded
with reaction product (App. &, fig. 1,2; App. 5, fig. 2). These vesicles,
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about 50 nm in diameter, will be called HRP-microvesicles (for examples,
see also fig. 20}.

Small omega-shaped configurations of the plasma membrans

frequently showed reaction product at the side of the extracellular space
(see fig. 21 for an exceptional case).

Peroxidase containing organelles larger than HRP-microvesicles were
absent from rats fixed one minute after fixation, but were regularly ob-
served at longer time intervals (fig. 20, 24)., These organelles were
generally rounded, up to 350 nn in diameter. Mostly, reaction product

was located in small clumps of high electron-density against the inner
side of the limiting membrane. The ultrastructure of these organelles

was frequently badly preserved., Also tubular and cup-shaped organelles
with reaction product were seen.

In rare cases, peroxidase positive material resembling a2 core of a GV
was found in the extracellular space. Generally, such core-like material,
which lacked a limiting membrane,was located near membrane configurations
suggestive of release by exocytosis (fig. 14; App. 5, fig. 3).

Tn {(unmyelinated) axons, cccasionally membrane-bound peroxidase positive
material was observed. It was generally contained in tubular organelles
and was especially seen if fixation occurred at least 20 min after
injection of HRP.

time course of 'uptake' of HRP

To get an impression of the time course of HRP-'uptake', in fact HRP-
accumulation, two series of rats were perfused 1, 5, 20 and 60 min after
injection of HRP., The percentage of nerve profiles with at least one HRP-
microvesicle was caleulated as well as the percentage of profiles contain-
ing other peroxidase positive organelles and no HRP-microvesicles. The
analysis concerned nerve profiles of sub-zone A which contacted the base-
ment membrane of the primary plexus (first 'layer') and the adjacent
deeper nerve profiles (second 'layer'; see App. 6, fig. 1). Notwith-
standing the small number of rats involved, the following trendencies seem
apparent (fig. 23):

Already one min after imjection of HRP, many preofiles in contact with the
basement membrane contained HRP-microvesicles, whereas profiles contalning
exclusively other HRP positive organelles did not yet occur. Up to about
20 min, there was for the first "layer' an increase in percentage of

nerve profiles with HRP-microvesicles. For the second 'layer', the per-—
centage of these profiles lagged behind. There was no apparent difference
between rats anaesthetized with Avertin and urethane in accumulation of
peroxidase containing organelles.

Six urethane anaesthetized rats were fixed at longer time intervals after
injection of HRP. In one rat fixed 105 min after injection, the percentages
of profiles with HRP positive organelles was somewhat higher than after 60
min. Certain nerve profiles showed large accumulations of such organelles,
which were relatively large. In one rat perfused 135 min after in-
jection, the percentage of nerve profiles with HRP positive organelles
seemed to have declined and 7 and 10 hours after injection peroxidase
positive organelles were only rarely observed. In two rats perfused 24
hours after injection HRP-microvesicles were absent but small numbers

of other peroxidase positive organelles were occasionally observed.

In rats sacrificed 7 and 10 hours after injection of HRP certain neuronal
perikarya im the arcuate nucleus and the internal zone showed particularly
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electron-dense lysosome-like organelles, suggesting retrograde transport
of HRP.

frequency of HRP containing profiles and organelles

In rats perfused 20 min after injection of HRP, 30-35% of the nerve
profiles at the basement membrane contained one or more peroxidase
positive organelles {(fig. 23). Of course, these percentages under-
estimate the percentage of varicosities with such organelles.

The mean number of HRP-microvesicles per nerve profile was, independent
of the interval between injecticn of HRP and fixation, small (App. 5,
Table 4). Certain neurcnal varicosities, however, were characterized
by an accumulation of HRP containing organelles, as indicated by the
presence of nerve profiles with over 30 ané even aver 30 HRP positive
organelles (fig. 24). Such profiles were observed in three males (one
30 days post-castration, ona stimulated in the medial preoptic area 30
before fixaticn, one fixed shortly after ether anaesthesia) and two
females {decapitated at pro-ocestrus between 15.00 and 17.00 hours).
The number of HRP microvesicles in thege profiles was, generally, small.
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Fig. 18-19. GSee legend on page 60 .

Fig. 18. Note two omega—shaped configurations of the plasma membrane,
one of which (%) encloses subunits located in the extracellular space.
Note also a myelinated body in the upper left corner which contains GV
and which probably represents an autophagic body.

x 85.000

Fig. 19. Note omega-shaped configuration of the plasma membrane of a
varicosity rich in GV. In the extracellual space, subunits can be
discerned (). x 80.000

Fig. 20. Weuronmal profiles separated from the outer basement membrane
(&) by non-neuronal profiles. In one neurcnal profile {3k}, several
HRP containing microvesicles are present. In twc other neuronal
profiles (&), large corganelles are present with reaction product
mainly localized at the periphery. Some of these organelles are dis-
rupted. Fixation 24 hours after castraticn and 20 min after injection
of HRE. x 60.000

Fig. 21. Neuronal profile (#) located against the outer basement
membrane with several HRP containing omega-shaped configurationms of

the plasma membrane. Fixation 20 min after injection of HRP and 15 min
after electrochemical stimulation of the medial preoptic area. x 35.000

Fig. 22. Part of a neuronal endfeet which contains numerous micro-
vesicles only some of which contain reaction product (%}. Two larger
HRF containing organelles can also be obsgerved. Note cristal-like
accumulation of microvesicles (V¥ ), in another neuronal profile at
left. Fixation 20 min after injection of HRP, urethane anaesthesia.

x 30.000
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The examples show that, may be especially under stimulated conditions,
certain varicosities contain several hundreds of peroxidase positive
organelles. These neurons must have a very active uptake mechanism for
exogenous materials like HRP.

2.2.3. non-neuronal profiles

'"Uptake' of HRP by non-—neuronal endfeet was less evident than by neuronal
endfeet. HRP containing organelles resembled the large ones of neuronal
endfeet.

In rats perfused one min after injection of HRP, no HRP positive organelle
were seen in the non-neuronal elements of the m.e. Five min after injectio
such organelles were occasionally present in endfeet. In ependymal and hyp
endymal cell bodies, HRP positive organelles were numerous 60, 105 and 135
min after injection. After the two latter intervals, reactiom product was
seen, rarely, in blebs protruding into the cerebrospinal fluid; signs of
actual release were not observed.

3. Effecte of disturbing the hormonol equilibrium
3.1, effects of castration and steroids

SUMMARY  Thanges in the
pﬁ,ﬁaﬂy plezus wers mest
1f the observationg weve
citer bagement maembrane
suggestive of depletion
oCour pﬁ9€e“eﬂ+ rally at
There was ne evidence for ch

‘ bagemernt membrane
preferentiaqlly contacted by
the changes were gspecially
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Fig. 23. Presence of HRP containing organelles at different intervals
{1, 5, 20 and 60 min ) after injection of HRP,

Uninterrupted limes indicate the percentages of nerve preofiles with HRP
containing micrevesicles, interrupted limes that of merve profiles with
exclusively HRP comtaining organelles other then FRP-microvesicies.

Thick lines refer to profiles in contact with the other basement membrane
thin iines to adjacent deeper profiles. Figure A refers to four rats
anaesthetized with Avertin, figure B to [our urethane anaesthetized rats.
¥umber of profiles involved: 2379.

Fig. 24. Large neuronal and slender non-neuronal profiles located near a
capillary (A ) with an electron-dense inner and outer basement membrane
(¥ }. Two neuronal profiles () are crowded with microvesicles and GV.
HRP containing organelles are numerous, but among them microvesicles are
scarce.
Fixation 30 days after castration and 20 min after injection of HRP.

x 30.000
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the (sublependymal layer, the polisade zone gnd +
significant increase in the wnumber of non—meurona
droplets

Data obtatned in in vitrc studies suggest the following: a. a differ-
ential effect of castration on monoaminergic and nonm—moncaminergic varico-
sitics near the primery plexus, b. « divect, gcute effect of testostsrone
at the level of the m.a. and c. a move proncunced effect of castrotion and
of trectment with teéstosterone at the lateral part of the m.z. than at the
medial part. )

1wenvg Four hours after castration {and 20 min after intravenous injection
{ ERE), the percentage of nerve profiles with HRP-loaded micvrovesicles
but without GV was stgnif zcanfly increased. This was wnot the ease after

long term castration of males or females.

3.1.1. effects of castration (see App. 5 and §)

general aspects

Iin contrast to the data mentioned in App. 5, which were not exclusively
dealing with nerve profiles in direct contact with the ocuter basement
membrane, there was, 24 hours after castratiom, at the basement membrane
a significant shift from profiles containing microvesicles and GV to pro-
files containing excliusively microvesicles (App. 6). A comparable change
at the basement membrane was found 30 davs after castration, although
exclusively at the lateral side of the m.e. There, the percentage of
profiles with exclusively microvesicles increased significantly from

33.8 + 4,17 to 51.6 + 1.93 and that of profiles with microvesicles and GV
decreased from 66.2 + 4.17 to 44.5 + 2.54 (for both groups, n=6; serum LH
and FSH levels were significantly raised after castration, II 12.).

Such changes suggest that in the direct vicinity of the primary plexus
endfeet with microvesicles and GV transform after castration into end-
feet contalining exclusively microvesicles., This may occur especially at
the lateral side of the m.e. Varicosities away from the basement mem-—
brane are apparently less affected.

The experiments in App. 5 and 6, dealing with Incerporation of HRP and
showing after short term castration an increase in percentage of nerve
profiles containing HRP-microvesicles and no GV, were repeated for male
rats castrated or sham-operated 30 days before perfusion (both groups,
n=6). In addition, female rats ovariectomized 18 davs before perfusion
were compared witch 5-day cycling rats perfused between 12.00 and 14.00
hours at di-ocestrous I (both groups, n= 3). Only those nerve profiles
were analyzed, which were in dirvect contact with the basement membrane,
Serum LH and FSH levels were in the castrated rats significantly raised
(IT 12.;.

In contrast to the short term castrated male vats, there was no signifi-
cant difference between castrated rats and contrels in the presence of
BRP-microvesicles.

This suggests that differences exist between short term and long term
castrated rats in accumulation of HRP by certain nerve endings at the
outer basement membrane of the primary plexus.



plasticity at the ocuter basement membrane

Rats castrated 48 hours before fixation showed, in comparison with sham—
operated rats, a significant decrease in mean contact length of the non-
neuronal endfeet with the outer basement membrane {from 1.4 + 0.08 to

1.1 + 0.04 am; n=4). MNeuromal endfeet did not show a significant change
(0.8 + 0.06 and 0.9 + 0.08 um)

Moreover, rhe relative extent of the basement membrane occupied by non-
neuronal tissue was, 30 days after castration, decrzased if compared with
that of sham-operated rats (from 55.3 + 3.42 to 4!.4 + 2.06 %I n=6;

P <0.01). This change was especially manifest at the lateral side of the
m.e. {(from 66.5 + 1.69 to 50.8 + 3.67 Z; P<0.0l; for a significant in~
crease after castracion in serum LH and FSH levels, see II 12.).

The observations indicate a marked plasticity near the primary plexus:
as a consequence of castraticnm, the primary plexus becomes preferentially
surrounded by neuronal endfeet.

sizes of GV

In order to see whether castration caused changes in the sizes of the QV
near the primary plexus, sizes were compared 24 and 48 hours after castra-—
tion or sham-operation (four rats per group; total number of neurenal
profiles involved: 4143)

There was after castrarion no significant change in mean sizes of GV.

3.1.2., effect of steroid treatment on lipid droplets in
non-neuronal elements

If the non—neurcnal elements of the m.e. are involved in control of
gonadotropin release, it may be expected that a disturbance in the
hermonal equilibrium will influence their ultrastructure. Therefore,

the effect was studied of treating castrated rats with oestradicl
benzoate. As parameter, the presence of lipid droplets was chosen since
they are a characteristic feature of the typical non—neurcmnal cells of

the neurchypophysis and are, at least in the infundibular process thought
to be involved in the release process (for literature, see IV 4.1.).

Rats, three months of age, castrated four weeks earlier, received at
11.00 hours, at three successive days, an Intramuscular injection of

0.5 ug cestradicl benzoate (Dimenformom, Organon) in 50 ml arachid oil.
Controls received solvent only (both groups, n= 5; mean weight, resp.
228 + 6.1 and 245 + 11.1 gr). The rats were fixed 24 hours after

the last injection. In ultrathin sections of silver interference colour,
the number of non-neuronal profiles containing one or more lipid droplets
was assessed. The region studied was restricted to the floor of the in-
fundibular recess and was divided into four areas (see Table 3).

The relative sizes of these areas differ markedly.

There was, after steroid treatment, for the whole area a significant
increase in the mean number of profiles containing lipid droplets (from
185 + 21.8 to 386 + 17.8; P ¢ 0.01). This increase was evident in the
ependymal and subéEendymal layer, in the palisade zone and in the zona
granulosa (Table 3}. The total number of lipid droplets was, after
stercid treatment, alsc significantly increased in each of these areas.
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Table 3 Effect of ocestradiol benzoate on the mean number of
non—neuronal profiles containing lipid droplets

oil steroid
(sub) ependymal 77+ 132 166+ 3.09)
fibre layer 5 + 1.0 70+ 1.3
palisade zone 94 + 9.4 187 + 16.}2)
zona granulosa 10 * 2.1 37+ 2.42)

D s M n=s
2)

Pg 0.01

The data show that at least part of the non-neuronal cells cof the m.e.,
which include pituicyte-like cells, ependymal cells and subependymal
cells, are markedly influenced by the steroid treatment.

3.1.3. effects of steroids, in vitroe

To obtain information on 2 possible direct effect of steroids on the m.e.,
the m.e. of rats castrated 2-4 weeks earlier, were incubated with or with-
out testostercne {(4-6& rats per group; see IT 8.). To differentiate be-
tween moncaminergic and non-aminergic varicosities, tissuve of castrated
rats, as well as that of contrels, was preincubated with 5-0HDA (1T 7.;
ITI 1.2.4.). Since from such a preparation arcuate nucleus and other
nuclei were excluded, most axons and varicosities were severed from their
cell bodies. The data refer to the outer 3 um of the lateral part of the
sub-zone A and are obtained from montages of electron micrographs

( x 35.000), each covering about 100 am?

For non-aminergic profiles the following was observed:

1. the mean area of the profiles was after castration significantly in-
creased (from 0.6 + 0.03 am® in the controls to 0.9 i70.09.um2 in the
castrated rats).

2. the mean number of microvesicles per profile was after castration
significantly increased (from 25.4 + 1.9 to 39.6 + 4.2).

This increase occurred in profiles with both microvesicles and 'GV'

since the number of microvesicles in non-aminergic profiles with
exclusively microvesicles remained comstant. Treatment with testosterone
(20 ng/ml) reversed the effect of castration completely (23.7 + 4.5).

3. the mean mumber of 'GV' per um? of nerve profile, which was not

changed by castration (7.4 + 0.9 and 7.5 + 0.5), was significantly
decreased after incubation with 20 ng or 50 ng testosterone /ml

(5.5 + 0.6 and 5.9 + 0.4, resp.).

For monoaminergic proflles such changes were not found. The only signifi-
cant effects were, after castratiocn, a decrease in number of moncaminergic
profiles/100 am? (from 21.3 + 2.0 to 5.9 + 0.3), whereas after incubation
with 20 ng testosterone/ml this number was significantly increased (to
i2.4 + 1.8), if compared with material of castrated rats incubated without
testosterone.
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In the medial part the same tendencies were observed as in the lateral
part but differences were not significant.

The observations suggest the following:

1. a differential effect of castration upon ncn-aminergic and
monoaminergic varicosities in the external zome of the m.e.,

2. a direct acute effect of testostercone at the level of the m.e.,
involving both monoaminergic and mon-aminergic elements,

3. a more pronounced effect of castration and treatment with testo-
sterone at the lateral part of the external zone than at the medial
part.

3.2. effects of electrochemical stimulation of the medial
preoptic area

SUMMARY There was, 30 and 60 min after electrochemieal stimulation
of the mediaql precptic area at the primary plerus an increase in the
relative extent of the basement membrane contacted by non-nsuronal
tissue. Changes in the ultrastructure of newronal varicosities seemed
to be restricted to limited numbers.

After electrochemical stimulation of the medial preoptic area, serum
levels of LY increased rapidly (Table 4). Since it might be expected that
the increase was caused by an increased release of Gn-RH ( I 5.), the

Table & Serum LH levels (ng NILAMD-rat-LH RP-1/ml serum) at different _._
times after electrochemical stimulation of the medial preoptic

area

sham stimulation stimulation
15 min 21 + 1.41) 71 + .52
30 min 12 4 4.1 149 + 15.0%)
60 min 12 + 5,1 220 + 56.027
)

S.E.M.; for all groups, n=6

2p £0.02

Table 5 Percentage of the outer basement membrane at the primary plexus
occupied by non—neurecnal tissue, at different times after
electrochemical stimulation of the medial preoptic area

sham stimulation stimulation
15 min 43 + 1.9" 48 + 2.9
30 min 45 + 0.5 64 + 1.1
60 min 43+ 2.4 52 + 0.4%)

1)S.]EI.M.; for all groups. n=6

2y ¢ 0.02
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ultrastructure near the primary plexus was analyzed at different times
after stimulation . Remarkably, there was at the primary plexus a significan
increage, 30 and 60 min after stimulacion, in the relative extent of the
outer bhasement membrane occupied by non-neuronal rissue (Table 5), which
comprises endfeet of pitulcyte-like cells, ependymal cells and sub-
ependymal cells,

The observations suggest a marked plasticity at the primary plexus
of the neuromal and non-neuronal endfest. It is noteworthy that the
relative extent of the non-neuronal endfeet was increased.

It was alsc studied whether stimulation affected, at the basement
membrane, the percentages of different categories of nerve profiles

{see App. 5), the 'uptake' of intravenously injected HRP and the
relative number of neuronal and non-neuronal endfeet. However, rats
perfused 30 min after stimulation and 20 min after injection of HRP

did not differ from similarly treated sham-stimulated rats (both groups,
n= 6; total number of profiles involved: 7250), Furthermore, an analysis
of 900 profiles containing over 20.000 microvesicles and GV, did not
yileld evidence for a change in number of microvesicles or GV per
prefile, neither for nerve profiles in contact with the cuter basement
membrane nor for the adjacent profiles,

A limited number of neuronal profiles showed after stimulation a multi-
tude of membrane configurations and/or peroxidase positive organelles
suggestive of high exocytotic and micro-pinocytotic activity.

The limited effect may indicate that relatively few varicosities pre-
sent in the m.e. are affected by preoptic stimulation, which may be
related to release of Gn-RH from the organum vasculosum laminae ter-
minalis (I 4.1.1.), a circumventricular organ close to the site of
stimulation (cf. Phelps et al, 1976}.
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IV. DISCUSSION

1. Quantitative data on neurcns projecting to the median eminence, with
special reference to release of gonadotropin releaging hormong

1.1. number of perivascular endfeet, hypophysiotropic neurons
and monoaminergic neurons
The number of neuronal endfeet present at the outer basement membrane of
the primary plexus was estimated te be 7 x 107 (ITII 1.5.). These endfeet
belonged for about 25% to monoaminergic neurons (III 1.2.4.)}. This per-
centage agrees well with that found for the (whole) zona granulosa (IIT
1.2.4.) and alsoc agrees reasonably with the data on the perivascular area
mentioned by Ajika and Hokfelt (1973) and Richards and Tranzer (1974).
Thus, it can be estimated that roughly 2 x 105 perivascular endfeet belong

to momoaminergic neuroms and 5 x 107 to non~monoaminergic, probably mainiy
peptidergic neurons.

Data on the relative numbers of different types of neuronal endfeet
present at the primary plexus are absent but for the varicosities present
in the external zone, the following picture arises; data shown represent
the percentages of the neuronal varicosities said to contain the sub-—
stance(s) mentioned.

Gn~RH 10-20% Pelletier et al, 1974a; Naik, 1976
somatostatin 30 Z  Pelletier et al, 1974b
serotonin 14 2 Ajika and Okinaga, 1976
moncamines 25-307  Ajika and Hokfelt, 1973; Richards and
(serotonin Tranzer, 1974; IIT 1.2.4.
presumably
included)

other substances 6-35%

It can be gquestioned whether these data are correct, since they are based
on small and mostly not rigidly specified parts of the extermal zone and
regional differences are in the m.e. clearly present (III 1.2.4.; TIX
1.3.; Kizer et al, 1976a; Lofstrom et al, 1976a; Silverman and Desnoyers,
1976). Yet, the data suggest that Gn-RH and somatostatin producing neu-
rons contribute almest 50% of the varicosities present in the external
zone. In view of the additional presence of TRH -with an amount much
larger than that of Gn-RE (Brownstein, 1977) - and the possible presence
of varicosities belonging to still other peptidergic hypophysiotropic
neurons, it may be expected that by far the majority of the npon-aminergic
varicosities belong to peptidergic hypephysiotropic neurons.

In the foregoing, it was taken for granted that different neurchormones
and meurotransmitters are present in different neurons. This, however, is
disputed. Co-existence in the same neuron of Gn-RH and monoamines,
especially dopamine, has been suggested by several authors (Ishii, 1970b;
Clementi et al, 1970, 1971; Rodriguez, 1972}, but according to Kizer et al
(1975) long lasting destruction of catecholaminergic neurons did not re-—
sult in decreased amounts of Gn-RH. Therefore, an interaction of
{separate) dopaminergic and peptidergic neurcns seems more likely (I
3.1.). In this respect, Ochs (1977) boldly stated that 'the tuberoin-—
fundibular dopaminergic neurcns terminate in the external zone of the m.e. by
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axo~axonic endings on peptidergic neurons', but axc-axonic contacts have
not been demonstrated convincingly (Ajika and Hokfelt, 1973; see ITI
1.2.1., for one possible exception). It can, however, not be excluded
that the close anatomical relations between monoaminergic and 'peptider-—
gic' varicosities,seen in the external zome (III 1.2.4.),reflect
"synapses' which are morphologically not specialized.

Palkovits (1977 } estimated that in the rat medial basal hypothalamus
2-3 x 105 neurons are present. Only a small percentage of these neurons
belongs to hypophysiotropic neurons, since

1. retrograde labelling of neuronal cell bodies projecting to the m.e.
(and to the other areas located cutside the bleod-brain barrier) showed
that such neurons were present in very restricted areas of the hypothalamus
(Broadwell and Brightman, 1976), and

2. by immunohistochemical studies on hypophysictropic substances only few
cell bodies could be demonstrated (Barry and Dubois, 1975; Barry and
Carette, 1975; Alpert et al, 1976; Barry, 1976, 1977; S&tZld et al, 1976a;
Silverman, 1976a; Bugnon et al, 1977a,b). Their total number may be in the
order of 4 x 103, which admittedly is a rough estimate.

Data cbtained by electrophysioclogical studies, using antidromic stimulatic
yielded for neurons projecting to the m.e. a higher percemntage, especially
when recording from the arcuate nucleus (Moss et al, 1976). Dufy et al
(1976) reported for the rabbit that 3% of the hypothalamic neurons studiec
responded to stimulation o¢f the m.e. By stimulating the rat m.e.—pitui-
tary stalk junction, Renaud (1976) obtained evidence of antidromic stimu-
lation for at least 15% of the neurons studied in the middle and anterior
hypothalamus. This percentage, however, overestimates the percentage of
(peptidergic) hypophysiotropic neurons considerably, since

a2, the identified neurons will include other types of neurons, e.g. dopa-
minergic ones,

b. recording probably occurred preferentially from areas rich in neurons
projecting to the m.e. and

c. possibly areas outside the m.e. were affected by current spread.

If the estimates of the numbers of hypophysiotropic neurons and perivascula:
endfeet are more or less correct, then an 'average' hypophysictropic meuron
terminates with at least 125 endfeet at the ocuter basement membrane of the
primary plexus. Branching of hypophysiotropic neurons is zlsc suggested by
other morphological observations (Szentdgothal et al, 1968; Barry, 1672,
1976).

In view of the enormous number of varicosities calculated to be present per
dopaminergic neurcn of the nigro~striatal system, viz. 109-100 (And&n et al
1966), 1t would not be surprising if the number of monoaminergic, probably
mainly dopaminergic endfeet estimated to be present near the primary plexus.
2 x 107, belongs to only a small number of monoaminergic neurons.

I.2. tentative calculation omn release of Gn-RH

Data on a relation between the amounts of hypophysiotropic substances storec
in the m.e. and the amounts released are not available. On the basis of the
following calculation, the amount of Gn-RH daily released seems to be much
smaller than the amount present, a phenomenon also reported for the neuro-
hypophyseal hormones of the infundibular process (Jones and Pickering, 1972
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In 1 ml portal plasma cf anaesthetized male rats, 30 pg radioimmuno-—
assayable Gn-RH is present according to data of Eskay et al (1974).
Given a flow rate of 7 mul/min. and assuming portal blood to comsist for
60% of plasma (Porter et al, 1976), 0.126 pg Gn-RH is released per min.,
which means 18! pg per day. However, calculated on the basis of data
presented by Fink and Jamieson (1974), wviz. 18.2 pg Gn-RHU released per
30 min, in urethane anaesthetized male rats, 874 pg would be released
per day.

Data on the total amount of radioimmuncassayable Gn-RH present in the
m.e. vary also markedly. According to Knigge et al (1977),8200 pg is
present per m.e., whereas Swann and Pickering (1976) found 7000 pg,
Morris et al (1975) 2600-4300 pg &nd Kawakami et al (1975) 30.000 pg
for 2 block containing the m.e. and the arcuate nucleus as well. Accor-
ding to Palkovits (1975} only 521 pg is present in the m.e. but his
illustrations suggest that the lateral part of the m.e., where most
Gn-BH is present, was excluded from the analysis.

If Gn-RH is stored in GV (IV 2.1.1.), then the following calculation
may throw some light on a quantitative aspect of release of Gn-RH, al-
though it is emphasized that the data should only be comsidered as an
order of magnitude. Taking into consideration ,

a. the preponderance of GV in the external zome (III 1.5.),

b. the presence of Gn-KH positive granules in 10~20% of the nerve pro-
files of the external zome {IV 1.1.; IV 2.1.1.) and

c. the relatively small number of GV in moncaminergic profiles (III
1.2.4.; Cuello and Iversen, 1573}, then roughly !5% of the estimated
number of 1.6 x 107 cv (III 1.5.) may contain Gn-RH. 1In that case,
3.42 % 1075 pg Gn-RH would be present per GV in varicosities belonging
to Gn-RH producing neurons, taking as a basis the data reported by Knigge
et al (1977), viz. 8200 pg Gn-RH per m.e.

From 3.42 x 10_5 pg Gn-RH per GV it follows, for a molecular weight of
1182, that 2.9 x 10720 motes and 1.7 % 10% molecules of Gn—RH would be
present in one GV. Othar speculations on the amount of Gn-RH or other
hypophysiotropic substances present in GV are not available but the

number of molecules of oxytocin and vasopressin in CV of the infundi-

bular przcess are of the same order of magnitude (Morris, 1976), viz.
8.4 x 107 molecules of hormone .

A release rate of 0.126 pg Gn-RH per uin. {Fskay et al, 1974), i.e.

2.1 x 1073 pg per second, and presence of 3.42 x 1075 pg Gn-RH per GV
would necessitate release of about 60 GV per second, or, taking the data
of Fink and Jamieson (1974) as basis, 300 GV per second, assuming that

all Gn-RH released would reach the portal blood. For the whole m.e.,

it would imply that during one second 60~300 Gn-RH containing GV would be
released in a toral number of 1.6 x 109 G V , thus roughly 1 : 107.

The possibility of observing such an event in case of release by exo-
cytosis (IV 3.} , which probably is of very short duration {Normamnn, 1970,
1976; Feuser et al. 1976), scems extremely small, even if it is assumed
that, say 0.1% or 1.07 of the total number ¢f GV is in a 'releasable
position'.

Prospects to increase the chance of observing such phenomena by increasing
release of Gn~RH are rather sad, sinte, for instance, castration hardly
causes a two-fold increase in Gn-RH release {(Eskay et al, 1974; Ching,
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19763 Porter et al, 1976). As a consequence, the hope expressed in App. |
of identifying fibres with different biologically active substances by
way of stimulation-induced exocytosis, was rather optimistic, as also
indicated by data of Morris (1976) on the infundibular process. He calcu-
lated that during maximal release of oxytccin at maximum two exocytotic
images could be expected in 0P 'granules' studied.

2. Granular vesicles as parameter to distinguish different types of
nerve endings
Differentiation between nerve profiles in the mammalian m.e. seems more
difficult than in non-mammalian species where marked ultrastructural
differences have been described in vesicular content of different pro-
files (Peczely and Calas, 1970; Rodriguez, 1972; Dierickx et al, 1973).
In a study on the subcellular structure of the rat m.e., Clementi et al
{i97]1) even state 'from a2 morphological point of view, the median emi-
nence nerve endings are similar to each other...'. This, however, is not
the case (III 1.2.4.).

2.1. contents of granular vesicles

GV are the most conspicuvus organelles, after fixation by aldehyde-osmium
tetroxide, of most varicosities present in the m.e. With respect to their
contents, there are numerous candidates, viz. a large variety of neuro-
hormones and {putative) neurotransmitters (Brownstein, 1977; Palkovits,
1977). Hypophysiotropic substances and monoamines are the main candi-
dates for the contents of GV located in the external zone of the m.e.

2.1.1.  hypephysiotropic substances
For the following reasons, it is concluded that hypephysiotropic sub-
stances are stored in GV, localized in (neuronal) varicosities:

1. the preponderance of GV near the primary plexus, where also the bulk

of the hypophysictropic substances is present (I I.1.; I 4.1.1.),
2. the presence near the primary plexus of fusions of GV with the plasma
membrane, suggesting release into portal blood (App. 1; ITI 2.1.; IV 3.),

3. the presence in neurcnal profiles of granules, resembling cores of GV
and immunoreactive to anti~Gn~RH and anti-somatostatin {(Pelletier et al,
1974b; Goldsmith and Ganong, 19753 Naik, 1$75b; Kozlowski =t al, 1976a;
Pelletier, 1976; Silverman and Desnoyers, [976; Goldsmith, 1977),

4. the presence of axonal swellings and/or granular vesicles in sub-
cellular fractions with high concentrations of hypophysiotropic sub-
stances (Shin et al, 1974b; Taber and Karavolas, 1975; Barnea et al, 1977;
Gautron et al, 1977 : Parker et al, 1877; Warberg et al, 1977},

5. the comparable ultrastructural features of the infundibular process
where oxytocin and vasopressin are, mainly or exclusively, stored in
{large) GV (I 4.1.2.).

It is not known whether the electron-dense core of the GV, seen in

"peptidergic’ profiles after aldehyde-osmium tetroxide fixation or after
aldehyde fixation followed by ethanolic phosphotungstic acid (App. 3},
reflects the presence of peptide hormones and/or of associated substances
like e.g. carrier proteins.
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2.1.2. monoanmines

Both in the peripheral and the central nervous system, microvesicles
seem to be the major storage site for monoamines (Hokfelt, 1968, 1970;
Bloom, 1970, 1972; Ajika and Okinaga, 1976). Yet, presence of a limited
number of (large) granular vesicles, generally said to be 80-100 mm in
diameter, is a common feature of varicosities and endings presumed to
contain monoamines, as shown by

1. autoradiography {(Aghajanian and Bloom, 1967a,b; Bloom and Aghajanian,
1968b; Doerr—Schott and Fellenius, 1970; Calas, 1973; Cuello and Iversen,
1973; Palay and Chan-Palay, 1976),

2. leading with ('false') monoamine transmitters or precurscrs (Hokfelt,
1867, 19683 Pellegrine de Iraldi and Jaim Etcheverry, 1967; Tranzer and
Thoenen, 1967, 1968; Richards and Tranzer, 1970; Ajika and HOkfelt,

1973; Mazzuca and Poulain, 1974; Smith and Helme, 1974) and

3. cytochemical and pharmacological technigues (Wood, 1966, 1977;
Tranzer and Thoenen, 1968; Lorez and Richards, 1973; Richards and
Tranzer, 1974).

The electron—-dense core seen after aldehyde-osmium tetroxide fixation
reflects mainly the presence of proteins (Bloom and Aghajanian, 1968b:
Bloom, 1970; Rinne, 1970; Hokfelt, 1970; Klein and Thureson-Klein, 1974;
Till and Banks, 1976; De Potter and Chubb, 1977). However, monoamines
are present as well (Hokfelt, 1968, 1970; Bisby and Fillentz, 1970;
Richards and Tranzer, 1970; De Potter and Chubb, 1977; cf. IIT 1.2.4.).
In view of the above mentioned data and of the abundance of monoaminer—
gic varicosities in the extermal zone (I 4.2.; III 1.2.4.), it may be
expected that in this area numerous GV contain monoamines.

2.1.3. neurchypophyseal hormones

Since certain collaterals of hypothalamo-neurchypophyseal neurons seem
to terminate near the primary plexus (I 4.1.2.), some GV may contain
oxytocin, vasopressin and neurophysins.

2.1 .04, acetylcholine and other (putative) transmitters

Small numbers of GV, voughly 100 nm in diameter, are rather universally
present in nerve endings, e.g. in those of cholinergic neurons (see e.g.
Ehinger et al, 1970). Thus, it can be expected that alsc in the m.e.

some GV are present in neurons other than mentioned@ above. The significance
of these GV has not been established.

2.1.5. acid hydrolases

Some lysosomes in the infundibular process had, after dehydration, the
appearance of GV (Whitaker and LaBella, 1972). This implies that also in
the m.e. a limited number of GV(~like organelles) contain acid hydrolases.

Notwithstanding this large variety of candidates, the majority of the GV
present in the external zonme of the m.e. is located in varicosities of
peptidergic hypophysiotropic neurons since

!, most varicosities are non-aminergic (III i.2.4., Ajika and Hokfelt,
1973; Cuello and Iversen, 1973; Mazzuca and Poulain, 1974),

2. the number of GV in non-aminergic varicosities is much higher than in
moneaminergic ones (ITL 1.2.4.; Cuello and Iversen, 1973) and

3. semi-quantitative data based on immuno-electron microscopy suggest a
high percentage of Gn-RH and somatostatin containing varicosities, with
numerous CV (Goldsmith, 1977).
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2.2, sizes of GV

In view of the large size of the vasopressin and oxXytoclin containing GV
in the internal zone and in the infundibular process (Leclerc and
Pelletier, 1974) if compared for example with moncaminergic GV (Bloom,
1972), a correlation may be expected between size of GV and content
(App. 3; Wittkowski, 1973). The following observations indicate, how-
ever, that sizes of GV present in the m.e. are of limited value as in-
dicator of their content (cf. Winkler, 1977, for the adrenal medulla).

1. Data based on subcellular fractionation of the m.e. were not con-—
clusive in correlating sizes of GV and hormonal activity (Andreoli et
al, 1970; Ishii, 1970a; XKobayashi et al, 1970; Mulder et al, 1970; Fink
et al, 1972).

2. Data cbtained by immuno-electron microscopy were not very informa~
tive. According to Pelletier et al (1976) somatostatin containing
granules are in the rat slightly larger than those containing Gn-RH
(90-110 pm and 75-95 nm, resp.}, whereas according to Naik (1976)

Gn-RH was stored in granules of 90-130 rm. Besides, Silverman and
Desnoyers {1976) stated that in the guinez pig Gn-RH was present in

axons of the palisade zone in granules of 90-120 mm and in nerve endings
abutting the portal plexus in granules of 40-70 nm. This

observation seems in harmony with the relatively small size of the GV

in the vicinity of the primary plexus (App. 2 and 3; Monroe et al,

1972) and seems to support a reduction in size of GV during transit to
the terminal, proposed by Monroe (1967). However, evidence for a diminu-
tion in size of GV in individual endings could not be obtained in the
present study (IIT 1.2.1.3; cf. Kazawa, 1976). _

3. Reports on castration-induced changes in sizes of GV (Kobayashi et
al, 1967, 1969; Kobayashi and Matsui, 1969) could not be confirmed in the
present study (IIT 3.1.1.); it may be added that the conclusions in the
first twe reports were based on one ovariectomized rat and one contrel,
whereas the other report was hased on qualitative observations.

Also during the female cycle no change in sizes of GV was found {Kazawa,
1976). In contrast, bilateral adrenalectomy caused in the external zomne
an increased number of relatively large GV (Rimne, 1970; Bock et al,
1976), which were considered organelles storing CRF and 'CRF-asscciated
neurophysin'. In view of the associated increase in content of neuro-—
hypophyseal hormones (Pelletier et 21, 1976; Vandesande et al, 1977),
this remains to be proven.

3. Mechawnisms of release and fate of remnants of the release process
in relation to the origin and function of microvesicles

3.1. mechanisms of release

Events like dehydration and haemorrhage, known to induce release of vaso-
pressin from the infundibular process, caused loss of electren—dense
material from GV present in the peptidergic endings, as shown after fixa-
tion by osmium tetroxide (Palay, 1957). It appeared, however, that the de
hydration~induced loss of electron-dense material could not be related to
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the amount of hormones released (Daniel and Lederis, 1966). Besides, this
loss could be largely prevented, provided aldehydes were used as primary
fixative (Reinhardt et al, 1969; Boudier, 1974}, especially if the aldehydes
were used at low pH (Morris and Cannata, 1973). The latter authors showed
that release of vasopressin was parallelled by a significant reduction in
number of GV, an observation supported by data of Reinhardt et al (1969),
Boudier et al (1970), “Whitaker and LaBella {1972), Dempsev et al (1973)
and Nordmann and Morris (1676). Most authors failed to detect ultrastruc-
tural features compatible with release by 'reverse micro-pinocytosis! or
exocytosis (Kurosumi et al, 1961; RShlich et al, 1965; Monroe and Scott,
1966; Rinne, 1966; Monroe, 1967; Picard, [969; Rodriguez and La Fointe,
1969; Kurosumi, 1971; Nakai, 1971; Clattemburg, 1974). Therefore, it was
proposed that hormone release from the infundibular process and the m.e.
occurred by 'molecular dispersion', i.e. extrusicn through merphologically
intact membranes (Kurosumi et al, 1961) or by fragmentation of GV (Table
VILI).

Table VIII Proposed mechanisms for release of hormones from
granular vesicles present in the neurohypophysis.

Mechanism infundibular process median eminence
'"molecular dispersion’ Hartmam, 1958; Kurosumi et Bern et al, 19%66;
or diffusion al, 1961; RKurosumi, 1971; Rinne, 1966;
Krisch et al, 1972 Rodriguez, 1969;
Nakai, 1971;

Monroe et al,
1972; Clattenturg,

1674
fragmentation Heolmes and Knowles, 1960; Rodriguez, 1969;
Bern, 1963; Daniel and Nakai, 1971:
Lederis, 1966; Streefkerk, Kobayashi et al,
1967 19728;Dierickx
et al, 1973
exocytosis
-on the bésis of Nagasawa et al, 1970 App. 13 TII 2.1.
thin-sectioned material Douglas et al, 1971;
Santolaya et al, 1972;
Boudier, 1974
-on the basis of Santolaya et al, 1972,
freeze—fracture studies Dempsey et al, 1973; Dreifuss
et al, 1973; Dreifuss, 1975
Sandri et al, 1977
-on the basis of Fawcett et al, 1968; Utten-
biochemical data thal et al, 1971; Edwards et

al, 1973; Matthews et al, {973
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However, more recent ultrastructural observations on the infundibular
process have shown that release can cccur by exocytesis, as was also
demonstrated for the m.e. in the present study (Table VIII), In both
areas of the neurohypophysis, the number of exocytotic images was very
small (see Orci, 1974; Winkler, 1977, for comparable findings in the
endocrine pancreas and the adrenal medulia). This may at least in part
be due to the chemical fixatives used, since membrane configurations
interpreted as sites of release by exocytosis, or otherwise as sites of
exocytosis-endocytosis, were mere readily observed in freeze-fracture
studies (Table VIII; for ancther cause, see IV 1.2.)

Release from the infundibular process by exocytosis is supported by bic-
chemical data, since neurohypophyseal hormones and intravesicular pro-
teins appear to be released simultaneously, whereas cytoplasmic enzymes
are retained (Table VIII). For the m.e. such data are not available
(protein carriers or other intravesicular substances are not known) but
for intravesicular proteins present in other types of cells, e.g. the
noradrenergic neurons and the chromaffin cells of the adrenal medulla,
the same has been reported (Smith et al, 1970; Weinshilsboum et al,
1971; De Potter and Chutb, 1977; Winkler, 1977). Such observations fit
in with the concept that exocytosis is a rather general mechanism for
discharge of macromolecular secretory products (Dreifuss, 1975; Palade,
19753 Normann, 1976; Tixier-Vidal et al, 1976; Holtzman, 1977:; Winkler,
19773.

Thus, it is assumed that release of the content of the GV present in the
neurohypophysis occurs by exocytosis, although a spectrum of release
mechanisms (Thorn, 1970), dependent upen intensity and duration of the
stimulus, can not.be excluded.

3.2, Events sutsequent to release

In case of rvelease by exocytosis, the vesicular membrane cof the GV is
incorporated into the plasma membrane and retrieval of membrane material
seems mnecessary. Indeed, retrieval of material from the plasma membrane
has heen described for a large variety of secretory cell types, nerve
endings included (Diner, 1967; Holtzman et al, 1971; Ceccarelli et al,
1972; Nagasawa and Douglas, 1972; Abrahams and KHoltzman, 1973; Heuser and
Reese, 1973; Orci et al, 1973; Jorgensen and Mellerup, 1974; Pelletier
and Puviani, 1974; Geuze and Kramer, 1974; Nordmann and Dreifuss, 19743
Whittaker, 1974: Nordmann and Morris, 1976; Tixier-vidal et al, 1976;
Zimmermamm and Denston, 1977a,bh).

For the infundibular process, Douglas and co-workers (Nagasawa et al,
1970, 1971; Douglas et al, 1971) proposed that relesase by exocytosis is
foliowed by micro-piroecytosis ('vesiculation') leading to formation of
microvesicles. Such a simple sequence of events would explain the frequent-
ly reported, but rarely quantified increase in number of microvesicles
after stimulation of vasopressin or oxytocin release (Palay, 1957;
Gerschenfeld et al, 1960; Bern et al, 1966; Monrce and Scott, 1966,
Dempsay et al, 1973; Boudier, 1974; Kodama and Fujita, 1975; Livingston ,
1975).

In the present study changes in numbers of microvesicles were shown in the
external zome of the m.e. in an in vitro experiment (III 3.1.3.). At the
lateral side, non-aminergic, probably peptidergic profiles present in
tissue derived from castrated rats contained after incubation signifi-
cantly more microvesicles than profiles present in identically treated
tissue derived from control rats. Tissue derived from castrated rats and
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incubated in the presence of testosterone did not show an increase in
number of microvesicles. In view of

a. the preferential localization of Gn-RH at the lateral side of the
external zone (I 5.),

b. the increase in release of Gn~RH after castration (I 1.1.) and

c. the suppression of Gn-RH release by testosterone {(Cheng, 1976),

it seems likely that these observations are related to respectively
raised and depressed release of Gn-RH.

The hypothesis of a coupling of exocytosis and micro~pinocytosis was sup-—
ported by the uptake of a macromolecular extracellular tracer like ERP
inte microvesicles of the infundibular process (Nagasawa et al, 1971).
Such an uptake of HRP was in the present study demonstrated for neuronal
endfeet present in the m.e. (III 2.2.2.2.; App. 4).

0f course, formation of HRP-loaded vesicles is not necessarily related to
release, since micro-pinocytosis is a very general phenomenon. The follo-
wing observations are, however, suggestive of a relation between micro~
pinocytosis and release by exocytosis.

1. Several omega-shaped ceonfigurations of the plasma membrane, with and
without electron~dense material resembling the core of GV, were charactari-
zed by a distinct coat at the cytoplasmic side of the membrane {(IIT 2.1.;
Douglas et al, 1971; Boudier, 1974). Such a coat is frequently seen
around caveolae or vesicles incorporating foreign, especially protein-
aceous, materizl from the extracellular space; it is thought to play a rdle
in the mechanism of infolding and fission of the membrane (Roth and Porter,
1964 ; Daems et al, 1969; Kanaseki and Kadota, 1969; Kristensson et al,
1974) .

In the adrenal medulla of the guinea pig (Diner, 1967; Grynszpan-Winograd,
1971; Benedeczky and Smith, 1972; Nagasawa and Douglas, 1972), small coated
vesicles were seen 'budding off' from exocytotic images, a phenomenon only
seen exceptionally in our material.

Both phenomena may indicate that release by exocytosis 1s followed very
rapidly by membrane retrieval. This can be expected since in various cell
types the composition of the vesicular membrane and that of the plasma
membrane seems different (Smith, 1971; Winkler,

1977).

2. Uptake of extracellular tracers by non—stimulated nerve endings is,
generally, negligible, whereas electrical stimulation or stimulation by a
depolarizing concentration of potassium ions leads to pronounced accumu-—
lation of tracer imside organelles (peripheral nervous system: Holtzman
et al, 1971; Ceccarelli et al, 1972; Heuser and Reese, 1973; Basbaum and
Heuser, 1976; Zimmermann and Denston, 1977a,b; Zimmermann and Whittaker,
1977; infundibular process: Nordmann and Dreifuss, 1974; Theodosis et al,
1976, 1977). Alse in (other) secretory cell types, stimulation of re-
lease can lead to enhanced endocytosis of extracellular material, e.g. in
the adrenal medulla (Abrahams and Holtzman, 1973), the endccrine pancreas
(Orci et al, 1973) and in certain cell types of the anterior pituitary
gland (Pelletier and Puviani, 1974; Tixier-Vidal et al, 1976).

For the external zone of the m.e. it was shown (App. 5,6) that castration
caused an increase in the percentage of nerve profiles characterized by pre~
sence of HRP-loaded microvesicles and absence of GV. The mean number of HRP-
loaded microvesicles remained small. After electrochemical stimulation of
the medial preoptic area, there was also no clear increase in number of HRP~
loaded microvesicles. However, the number of merve profiles characterized

by a large accumulation of relatively large HRF-containing organelles tended
to be increased under conditions of stimulatred release(IIT2.2.2.2.).
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Such relatively large HRP-containing organelles were, in contrast
to HRP-loaded microvesicles, absent cne minute after injection of HRP
(I112.2.2.2.). Thus, the ERP-loaded microvesicles may represent short~lived
intermediates in the sequence of incorporation and subsequent removal of
extracellular material, possibly related to removal (or reuse) of retrieved
membrane materizl. Such a rdle as intermediate would explain that the
number of HRP-lcaded microvesicles remained small, independent of the
interval between injection of HRP and sacrifice, whereas, apparently, the
number of relatively large HRP-containing organelles increased with time
(I1¥2.2.2.2.). TFor the infundibular process, Theodosis et al (1977) did
shew an increase in number of HRP-loaded microvesicles after stimulaticn,
but exciusively shortly after electrical stimulation of the pituitary
stalk, a very intense stimulus, and not after haemorrhage.

3.3. Fate of endocytosed material and asscciated membranes
For a large variety of cells, it has been demonstrated that the limiting
membranes of endocytotic vesicles fuse with membranes of lysosomes, after
which the endocytosed material can be digested (Daems et al, 1969; Naga-
sawa and Douglas, 19723 Abrahams and Holtzman, 1973; Geuze and Kramer,
1974; Pelletier and Puviani, 1974; Tixier-Vidzal et al, 1976; Winkler,
1877). In neurons, digestion seems to occur mainly in the perikaryon
(Holtzman, 1977}, which necessitates, for material endocytosed by ter—
minals, axonal retrograde transport. For an extracellular tracer like
HRP, there is ample evidence for such a transport (Kristensson et al,
1971; La Vail and La Vail, 1975; Kievit and Kuypers, 1975); it has alse
been demonstrated for neurons of the hypothalamo-neurohypophyseal and
the tuberoinfundibular system (Sherlock et al, 1975; Broadwell and
Brightman, 1976; cf. III 2.2.2.2.)

The fate of the limiting membrane of the endocytotic vesicles is less
clear. It may for instance be digested but, in certain cells, it may,
after transport to the Golgi area, participate in the packaging of
secretory products (Pelletier, 1973; Orci et al, 1973; Meldolesi, 1974;
Gagnon et al, 1976; Winkler, 1977). For endocytotic microvesicles which
arise in nerve terminals, there is presumably the additional possibility
of local reloading with neurotransmitter and subsequent release by exo-
cytosis, a sequence pessitly repeated in several cycles {(Heuser and Reese,
1973;  Benmett et al, 1976; De Potter and Chubb, 1977; Holtzman, 1977;
Zimmermann and Whittaker, 1977). For endfeet of peptidergic neurons,
such a sequence is not likely, since there is nc evidence for the
presence of a substantial amount of neurchormone in microvesicles

(Swann and Pickering, 1976; Coldsmith, 1977). More likely seems a ridle
in rapid retrieval of material from the plasma membrane, after release
of GV by exocyteosis. In view of the high surface/volume ratic of the
microvesicles, these organelles are particularly suited for such a
process {see further IV 3.2.).

It is not known whether the membranes of the microvesicles present in
peptidergic neurons are, like endocytosed FRP, transported to the peri-
karyon. Possibly, digestion occurs at the level of the neurchypophysis,
since increased release from the infundibular process is associated with
an increased activity of lysosomal enzymes (Hiroshige et al, 1%66;
Whitaker and LaBella, 1972; Boer and Jongkind, 1974; Boer, 1976). See
further, IV 4.
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4. Rbles of the typical non-neuronal cells of the neurohypophysis

Pituicytes and pituicyte-like cells are generally viewed upon as modified
(astro) glial cells, thus they may share certainm functions. This does not
throw much light on their function since Somjen (1975) stated 'More than
hundred years of research brought us to this point where each proposition.
suggesting one or another function for neuroglia can be countered by a
valid point of criticism or doubt'. Nevertheless, it can not be excluded
that the pituicytes and the pituicyte-like cells are invelved in the
trophic and supportive functions, ascribed to astroglial cells especially
by regulating the ionic composition of the extracellular fluid. In addition,
the typical non-neuronal cells of the neurohypophysis may have specific
functions in digestion (4.1.), phagocytosis (Dellmanm, 1973) and secretion
(4.3.). Possibly, the modified ependymal cells of the m.e. share certain
of these functicns but in addition they may especially be involved in
transport between cerebrospinal fluid and portal vessels (4.2.).

4.1, 1lipid droplets and digestion

The pituicytes, pituilcyte-like cells, ependymal cells and subependymal
cells of the neurohypophysis share the presence of the sc-called lipid
droplets or lipoprotein granules, which according te Rurosumi et al (1964)
mainly consist of phospholipids (cf. Giesing, 1971), especially lecithin,
and according to Raviola and Raviola (1963) of unsaturated neutral fat,
although presence of leeithin could not be excluded.

Involvement of these non-neurcmal cells of the neurohypophysis in hormone
release, for example in case of dehydration, is suggested by hypertrophy
of pituicytes, increase in mitotic activity, .increase in RMA and protein
synthesis and accumulation of lipid droplets (Kurosumi et al, 1964;
Streefkerk, 1967: Krsulovic and Bruckner, 1969; Sachs et al. 1971; Sunde
et al, 1972a,b; Léranth and Schiebler, 1975; Livingston, .1975). There~
fore, it was hypothetized {(Kurosumi et al, 1964; see also Boer and Van
Rheenen—Verberg, 19763 Boer, 1976} that the membranous remnants of the
release process passed, after partial degradation in the nerve endings,
into the non—neuronal cells for final digestion. The lipid moiety of the
remnants was thought to be retained as lipid droplets prior to final
break-down, or might represent the residues of lysosomal activity
{Reinhardt et al, 1969; Pilgrim et al, 1974; Wagner and Pilgrim, 1974).
In addition, the neurohormones and soluble lipoproteins present in the
GV (Mylroie and Koenig, 1971; Meyer-Grass and Pliska, 1974) may be addi-
tional sources for the lipid droplets (see Giesing, 1971}. After release
by exocytosis, these substances directly reach the nearby non—neuromal
cells. Uptake may occur by micro-pinocytosis, in view of the uptake of
HRP (ITII 2.2.2.3.; Pilgrim et al, 1974; Wagner and Pilgrim, 1974). TFor
the m.e. also, a relation may exist between hormone release and presence
of 1ipid droplets as suggested by their increased numbers after stercid
treatment of castrated rats (III 3.1.2).

4.2. transport

The ependymal cells of the m.e. are by most authors classified as tany-—
cytes (see e.g. Brawer et al, 1974; Bruni, 1974; Akmayev and Popov, 1977},
which for mammals iz not correct since only certain ependymal cells of the
m.e. show the long basal process characteristic of tanycytes (I 3.3.;
McArthur, 1970; Raisman and Field, 1971; Bara and Boti, 1974). The tany-
cytes of the m.e. are frequently assumed to transpert biclogically active
substances from cerebrospinal fluid to portal blood (I 3.3.) but the
functional significance of such a transport is debated (Gordon et al, 1972;
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Weiner et al, 1972b; Dierickx et al, 1973; Dierickx, 1974; Uemura and
Kobayashi, 1977). Doubts can e.g. be raised by the cbservation that most
tanycvtes are not located at the floor of the infundibular recess but at
the (lateral) wall and that their basal processes, in contrast to the
general opinion (Kobayashi et al, 1970), mainly end at the base of the
brain lateral to the primary plexus or at capillaries outside the m.e.
(Millhouse, 1971; Raisman and Field, 197!; Bleier, 1972; Bara and Boti,
1974). However, certain tanycytes of the m.e., mainly present at the
lateral side, do have contacts with the primary plexus.

It is added that transport ascribed to tanycytes is not necessarily part
of an endocrine pathway. The absence of a blood-brain barrier necessi-
tates some manner of removal of blood-borne substances {(Wagner and Pilgrim,
1974), as well ag of waste products from the cerebrospinal fluid.
Although the non-tanycyte ependymal cells of the m.e. do not contact the
primary plexus at the base of the palisade zone, they also may have a
transport function. Substances released from their basal parts, would
rapidly reach the portal blood, in view of the absence of tight junctions
in the external zome and the rapid extracellular transport of HRP {(ITI
2.2.2.1.).

In this respect it is surprizing that some authors emphasize the pre-
sence of a 'cuff' of non-neurecnal endfeet separating the neuronal end-
feet from the outer basement membrane and imply that neurosecretory
products have to pass through the non-neuronal endfeet to reach the
primary plexus {see e.g. Rodriguez and LaPointe, 1969; Oota et al,
1974).

For the non-tanycyte ependymal cells of the m.e,, another transport
function seems possible. Most subependymal capillaries are contacted by
non-neuwronal tissue, which largely consists of ependymal and subependymal
cells (I 2.3.). These capillaries mainly belong tc the subependymal
tangentional plexus by which blood can pass from the neurohypephysis to
certain hypothalamic areas (Tordk, 1964; Szentdgothai et al, 1963;
Duvernoy, 1972; Oliver et al, 1977; Porter et al, 1977). Thus, it seems
possible that the (these) ependymal cells form a link between the cere-
brospinal fluid in the infundibular recess and the hypophysiotropic area
{cf. 88t21d5 et al, 1976b).

Three points, however, have to be raised. 1. Microvilli and bleb-like
protrusions were found to be relatively scarce at the floor of the in-
fundibular recess (with the exception of lateral and rostral areas),

if compared with those on ependymal cells lining the (lateral) wall of
the third ventricle (cf. Millhouse, 1972)}. Since the presence of micro-—
villi generally is related to absorption, most ependymal cells of the
floor do not seem to be very active in this respect. Moreover, signs of
micro—pinocytosis are not conspicious. 2. Because of the absence of
tight junctions between ependymal cells located outside m.e. and other
circumcentricular organs {Weindl and Joynt, 1972), substances present
in the cerebrospinal fluid have a relatively free access to the extra-
cellular space surrounding the periventricular cells (Rapoport, 1976),
This seems to make a route, as described, rather superfluous, unless
the composition of the cerebrospinal fluid in the infundibular recess
is guite distinet from that elsewhere. 3. It may be gquestioned
whether substances present in these ependymal cells can reach the
lumen of the subependymal capillaries which only exceptionally show
fenestrations.
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In addition to 'orthograde' transport in tanycytes of the m.e., retro-
grade transport (i.e. transport from endfeet to cerebrospinal £luid) was
proposed by Wittkowski (1967). After intravenous injection, HRP was in-
deed incorporated by non-neuronal endfeet lining the primary plexus {III
2.2.2.3.). Uptake was rapid if compared with that described by Wagner
and Pilgrim (1974) after intraventricular injection of ERP. The sub-
sequent accumulation of HRP-loaded organelles in the ependymal cell
bodies near the cerebrospinal fluid may be indicarive of transport to the
infundibular recess. This might e.g. be a route for transport of pitui-
tary hormones, implicated in short feedback actioms (I 3.2.). Fvidence
that HRP was released intc the infundibular recess, as reported for the
frog (Nakai and Naito, 1974, 1975), was not obtained in the present study.

4.3. secretion

The typical non—neuronal cells of the m.e. have also been claimed to be
involved in secretory processes (L&vEque et al, 1965; Kobayashi et al,
1970; McArthur, 1970; Porter et al, 1973; Akmayev and Fopov, 1977). Im
view of the presence of synaptoid contacts {(Wittkowski, 1968; Kobayashi

et al, 1970; Glldner and Wolff, 1973), this might well be an additiomal
possibility. The varicosities showing synaptcid contacts are generally
thought to belong to monoaminergic neurons (¥obayashi and Matsui, 1969;
Kobayashi et al, 1970; Baumgarten and Lachemmayer, 1974) but an additional
peptidergic source seems possible (IIT 1.2.1.).

0f course, synaptoid contacts may be involved in phenomena other than
stimulation of secretion, for instance in transfer of materials from
peptidergic varicosities to non—neurcnal cells (IV &4.1.).

Secretion may be directed to the infundibular recess and/or to the portal
blood, but ultrastructural evidence for release is poor. Discharge into
the infundibular recess of cytoplasm (or even whole nuclei) by pinching
off bulbous protrusions,as reported by Kobayashi et al {1970) ., seems very
unlikely.

In view of the many doubts, it is obviously toco early for a ccherent
picture of the typical non-neuronal cells of the m.e.

5. Plasticity near the primory plexus

If it would be possible to view in the living animal the external zome of
the m.e. by electron microscopy, there might well be an astonishing
wriggling, protruding and withdrawal of neuronal and mon-neuromal pro-
cesses, supplemented with expulsion of material from vesicles fused with
the plasma membrane and inward bubbling of microvesicles - phenomena
admittedly somewhat difficult to envisage for an electron microscopist.
Such a plasticity at the primary plexus is e.g. suggested by the signi-
ficant increase in the relative extent of the outer basement membrane
occupied by non-neurcnal tissue 30 and 60 min after electrochemical sti-
mulation of the medial preoptic area (III 3.2.), a procedure generally
leading to increased release of Gn—RH (IV 1.).

Such a relative increase in non-neuronal tissue alomg the outer basement
membrane has been described also by Hokfelt (1973) shortly after intra-
ventricular injection of depamine. During long term castration, the
opposite appeared to oceur, viz. a relative increase in neuromal tissue
along the outer basement membrane (IIT 3.1.1.), a phenomenon also described
one month after adrenalectomy {(Wittkowski, 1973; Wittkowski and Scheuer,
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1674) and, for the infundibular process, three days after dehydration
(Wittkowski and Brinkmann, 1974).

The increzse in relative extent of the basement membrane occupied by
neuronal tissue was interpreted, by Wittkowski and co-workers, as in-
creased release from nerve endings, which seems logical. However, the
relative decrease in neuronal tissue found in the short term experiments
creates a problem, in view of the rapid increase in serum LH level after
preoptic stimulation (III 3.2.) and, possibly, after intraventricular
injection of dopamine (Kamberi et al, 1970a; Bchneider and McCann, 1970a;
Kamberi, 1973), although Cramer and Porter (1973) could not confirm such
an increase. Release of Gn~RHE seemed to be increased after both proce-~
dures (IV l.; Kamberi et al, 1969; Schneider and McCann, 1970b; Porter
et al, 1972). Thus, the question arises whether the increase in relative
extent of non-neuronal tissue along the basement membrane of the primary
plexus, in analogy with the interpretaticn after long term stimulatien,
reflectsincreased release from non-neuronal endfeet.

Regarding the seemingly comparable gffects of intraventricular injection
of dopamine and preoptic stimulation on the relative distribution of
neuronal and non-neuronal tissue along the basement membrane, it would
be interesting to know whether preoptic stimulation leads to an in-
creazsed level of dopamine (or of other catecholamires) in the cerebro-~
spinal fluid., The concentration of Gn-RH in cerebrospinal f£luid does
not seem to be increased after preoptic stimulation (Cramer and
Barraclough, 1975).
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V. SUMMARY AND CONCLUSIONS

Several aspects of the ultrastructural organization of the rat median
eminence were analyzed in an attempt to cerrelate its ultrastructure and
function, especially with respect to release of gonadotropin-releasing
hormone {(Gn~RH).
1. A first aspect concerns estimates of the numbers of various morpho-
logical elements, more specifically of the numbers of
peptidergic hypophysiotropic neurons projecting to the primary plexus,
different types of neuronal (and non-neuronzl) endfeet at the primary
plexus,
c. neuronal granular vesicles present in tﬁe median eminence,
d. Gn=RH containing vesicles, with their amount of Gn—RH present, and

e. Gn—RH containing vesicles released per unit cof time.

It is estimated that at the outer basement membrane of the primary
plexus up to 5 x 107 endfeet belong to peptidergic hypophysiotropic
neurons and that at least 100 endfeet are present per '"average' hypo-
physiotropic neuron. In the whole median eminence, almost 2 x 109
granular vesicles were estimared to be present, mainly in varicosi-
ties of peptidergic neurons. The amount of Gn-RH present in granular
vesicles of Gn-RH producing neurcns is estimated to be about 10797
pilcogram. A consideration of the possibility of documenting release
of Gn-RH containing vesicles, and increased release after castratiom,
offered a gloomy prospect.

For the 2 % 105 monocaminergic endfeet estimated tc be present at the
outer basement membrane, the possibility is raised that they belong to
only a limited number of neurons.

2. The distribution of neuronal and non-neurcnal tissue lining the outer
basement membrane of the primary plexus could be altered. Long term
castration was accompanied by a relative increase in neuronal tissue linding
the outer basement membrane, a shift compatible with increased re-
lease from neuwronal endfeet into portal blood. Acute electrochemical
stimulation of the medial preoptic area showed, however, an opposite
effect. The possibility of a marked plasticity at the outer basement

membrane of the neuronal and non-neuronal endfeet is emphasized.

3. Another effect of castration on the median eminence is an alteration

in vesicular content of the nerve profiles. The relative number of profiles
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with gratular vesicles and microvesicles decreased, whereas that of
profiles with exclusively microvesicles increased. Such a shift, caused
by withdrawal of gonadal substances, could only be demonstrated in the

direct vicinity of the outer basement membrane.

4. Non-monoaminergic, presumably mainly peptidergic varicosities located
near the primary plexus showed changes in their ultrastructure, if the
median eminence derived from castrated rats was incubated with testo-
stercne. This indicates a rapid action of testosterone at the level of
the median eminence. Ultrastructural changes were most pronounced at the
lateral side of the median eminence. This is in line with the presence
cf Gn-RH preferentially at the lateral side of the m.e. and supports the
view that in the median eminence functionally different areas are

present.

5. A fifth aspect concerns sizes of granular vesicles present near the
primary plexus in neurconal varicosities. Ne evidence has been cbtained
for a change in size after castration, nor during transport to the ter-

minal part of the axon.

6. A major aspect concerns the mechanism by which biclogically active
substances are released from their storage vesicles in the m.e. The
ultrastructural data indicate that release by exocytosis, during which
the vesicular membrane fuses with the plasma membrane, can be an
efficient mechanism in the median eminence for simultaneous release of
large quantities of stored products. In this respect 1t is nofeworthy
that release 1s not restricted to that part of the neuronal plasma mem-
brane in contact with the basement membrane; release seems possible along
the whole surface of the endfeet. The plasma membranes of certain neuro-
nal profiles present near the primary plexus showed profound invaginatioms,
which were thought to be due to massive release of gramular vesicles by
exocytosis. In view of the exceptional presence of such deep invaginations,

it is assumed that they are rapidly eliminated by membrane retrieval,

7. Microvesicles, which are a characteristic feature of the neuronal end-
feet contacting the outer basement membrane of the primary plexus, were
thought to reflect, in part, retrieved membrane material. Loading with an
extracellular tracer (horseradish peroxidase), showing their origin from

the plasma membrane, supports this possibility.



89

However, the heterogeneity of the microvesicles is emphasized.

One aspect of their heterogeneity was revealed by incubation of the
median eminence with the 'false' neurciransmitter S5-hydroxydopamine;
then, only microvesicles of certain varicosities acquired an electron-—
dense content.

Certain varicosities showed a profound zccumulation of organelles con—
taining horseradish peroxidase, especizlly under conditions of increased
release. This indicates that such varicosities can incorporate large
amounts of extracellular material, which may well be related to massive

release by exocytosis.

8. At least part of the endocytosed horseradish peroxidase is transported
retrogradely to perikaryon. In addition, digestion of endocytosed material
and/or of remnants of the release process may occur at the level of the
median eminence. Tt may be assumed that the peculiar non-neurcnal cells of
the median eminence, viz. modified ependymal cells, subependymal cells and
pituicyte~like cells, are involved in such a process. These cells show,
afrer steroid treatment of castrated rats, a dramatic Increase in number
of 1ipid droplets. Possibly, these organelles represent remnants of intra-

neuronal material.



g0

VI. SAMENVATTING EN CONCLUSIES (met toelichting)

De eminentia mediana is een gebied aan de basis van de hersenen waar
hormonen afgegeven worden aan een specizal bloedvatsysteem, een portaal-
systeem, dat uitmondt in de voorkwab van de hypophyse (het hersenaan-
hangsel). Deze (hypophysiotrope) hormonen worden geproduceerd door
speciale cellen gelegen in en nabij de hypothalamus, een basaal gelegen
deel van de hersenen.

In het algemeen wordt aangenomen dat de cellen die deze hypophysiotrope
hormonen produceren gespecialiseerde neurcnen, zenuwcellen, zijn waar-
van de uitlopers eindigen bij het portaal systeem. De (meeste) hypo-
rhysiotrepe hormonen behoren chemisch tot de peptiden. De betreffende
cellen worden dan ook aangeduid als peptiderge hypophysiotrope neuronen.
De uitlopers van deze neuronen zijn gekemmerkt deor grote aantallen zo-
genaamde granulaire blaasjes, blaasjes ongeveer 1074 mm in doorsnede,
die in de electronen microsccop een electronendichte inhoud vertonen

~ na bepaalde voorbehandeling van het weefsel.

Verder komen in de eminentia mediana ook talloze uitlopers voor van
andere typen neuronen, met name van monoaminerge neuronen, zo genoemd
omdat zij als werkzame stoffen monoaminen, zoals dopamine en noradrena-
line, produceren.

De hypophysiotrope hormenen kunnen, na transport deor het portaal
systeem, bepaalde cellen in de hypophyse aanzetten tot verhoogde (of
verlaagde) activiteit, meestal resulterend in verhoogde (of verlaagde)
afgifte van hypophysaire hormenen. De hypophysaire hormonen op hun beurt
kunnen, na afgifte aan het bloed, weer andere organen beinvioeden. 7o
hebben bijvoorbeeld de hypophysaire gonadotrope hormonen een stimulerend
effect op de testis, de mannelijke geslachtsklier. Cok deze klier
produceert weer hormonen - met name testosteron ~ die, na afgifte aan
het bloed, via 'terugkoppeling' een remmende invlced kunnen uitocefenen
op de afgifte van gonadotrope hormonen uit de hypophyse. Deze terug-
koppeling komt tot stand, deels door een direct effect op de hypophyse,
deels door een effect op de hersenen, via een verminderde afgifte wan
het gonadotropine—afgevend hormoon, het hypophysiotrope hormoon dat
stimulerend werkt op de afgifte van de gonadotrope hormonen.

Om inzicht te kunnen krijgen in de ultrastructuur van de bouwelementen van

de eminentia mediana van de rat, die betrokken zijn bij de afgifte van het

gonadotropine-afgevend hormoon, zijn verschillende aspecten geanalyseerd.
1. Een aspect van de analyse betreft een kwantitatieve benadering van de

bouwelementen van de eminentia mediana. Een schatting is gemaakt van

a. het azantal peptiderge hypophysiotrope neurcnen,

b. het aantal verschillende neurcnale (en niet-neurcnale) uitlopers naar

het portaalsysteem,

c. het aantal granulaire blaasjes,
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d. het aantal granulaire blaasjes dat gomadotropine-afgevend hormocn be-
vat, met de hoeveelheid van deze stof in elk blaasje en
e. het aantal van dergelijke blaasjes afgegeven per minuut.

Hierbij blijkt ondermeer dat een peptiderg hypophysiotrocp neuron met
meer dan honderd uitlopers contact maakt met de basaal membrazan die de
haarvaten van het portaalsysteem omgeeft, dat bijna twee miljard granu-

laire blaasjes aanwezig zijn in de eminentia mediana en dat deze blaasjes
voornamelijk voorkomen in uitlopers van peptiderge hypophysiotrope neuromen.
De hoeveelheid gonadotropine-afgevend hormoon per blaasje is geschat op on-
ongeveer 1072 picogram (1 picogram = 10~12 gram). Bet blijkt dat het rela-
tieve aantal van dergelijke blaasjes, afgegeven per mimuut, uiterst gering
is, ook ma castratie. Dit maakt de zantoonbaarheid van {verhoogde) afgifte
op ultrastructureel nivo uiterst moeilijk.

Ten aanzien van het grote aantal monoaminerge uitlepers bij het portaal-
systeem, geschat op 2 x 105, wordt de mogelijkheid geopperd dat zij be-
horen tot slechts een gering aantal neuronen.

2. Na ingrepen in het hormonale regelsysteem, zoals castratie of electro-—
chemische stimulatie van het preoptisch gebied, een basaal gelegen deel van
de hersenen, worden in de directe nabijheid van het portaalsysteem ver-
anderingen waargenomen in de verdeling neuronaal /niec-neuronaal weefsel.
Beide ingrepen resulteren in verhoogde afgifte van gonadotrope hormonen,
Benadrukt wordt dat de 'bekleding' van het portaalsysteem niet statisch is
maar afhankelijk van de fysiologische toestand. Zo veroccorzaakt castratie
langs de basaal membraan van het portaalsysteem een toename in neuronaal
opperviak, een verandering die hormoon-transport van neuronale uitlopers

naar portaalbloed kan vergemakkelijken.

3. Fen ander geveolg van castratie, zowel na een dag als na dertig dagen,
is een verandering in de blaasjes—samenstelling van neuronale uitlopers:
uitlopers met granulaire blaasjes en microblaasjes (blaasjes ongeveer
5 x 1072 m in doorsnede) nemen in percentage af, uitlopers met uit-
sluitend microblaas]es nemen toe. Een dergelijke verschuiving, gevolg van
het verdwijnen van door de testis geproduceerde stoffen, was alleen aan-—
tconbaar in de directe nabijheid wan het portaalsysteem en wordt geinter-—
preteerd als een verhoogde afgifte van granulaire blaasjes uit bepaalde

neuronale uitlopers.

4. Bij in vitro experimenten werd de eminentia mediana ge(pre)incu-
beerd met 3-hydroxydopamine, een 'pseudo'-neurotransmitter die opgencmen
wordt door uitlopers van monoaminerge neuronen en gebruikt wordt ter onder-

scheiding van mongaminerge en niet-moncaminerge uitlopers. Bij verge~
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lijking van weefsel afkomstig van gecastreerde en controle dieren blijken
verschillen aantoonbaar in de ultrastructuur van uitlcopers behorende tot
niet-moncaminerge, waarschijnlijk voornameli]k peptiderge neurcnen. Zo is
na castratie ondermeer de diameter van deze uitlopers toegenomen, even-—
als het aantal microblaasjes. Incubatie met testosteron doet dit laatste
effect teniet, hetgeen suggereert dat testosteron een terugkoppel-effect
heeft op de eminentia mediana. Opvallend is dat veranderingen in ultra-
structuur na castratie en na incubatie met testostercn lateraal in de
eminentia mediana veel duidelijker zijn dan medlaal. Dit verschil in
effect is in overeenstemming met de relatief hoge concentratie Gn-RH

aan de laterale kant van de eminentia mediana en steunt de opvatting dat

binnen de eminentia mediana functioneel verschillende gebieden voorkomen.

5. Ingegaan wordt op de diameters van de granulaire blaasjes aanwezig in
neuronale uitlopers van de eminentia mediana. Aanwijzing voor een ver-
andering in diameter na castratie of tijdens transport naar het uiteinde

is niet gevonden.

6. Een ander aspect betreft de wijze waarop hypophysiotrope hormonen
vrij komen. Hierbij werd er van ultgegaan dat deze hormonen opgeslagen
liggen in granulaire blaasjes, waarvoor goede aanwijzingen bestaan. Af-
gifte door middel van exocytose, een proces waarbij de membraan van het
granulaire blaasje versmelt met die van de neuronale ultloper, wordt op
grond van ultrastructurele waarnemingen aannemelijk geacht. Aangezien
bij het portaalsysteem afgifte door middel van exocytose plaats 1ijkt te
vinden over het gehele oppervlak van de uitloper kan een dergelijk
mechanisme leiden tot snelle afgifte van grote hoeveelheden opgeslagen
hormoon.

Bij het portaalsysteem vertoont de membraan van bepaalde neurcnale uit~
lepers diepe instulpingen. Zij worden geinterpreteerd als het gevolg wan
intense hormeon—zfgifte door exocytose, waarbij immers de membraan van
het granulaire blaasje wordt opgenomen in de membraan van de uitloper.
Gezien het beperkte aantal van dergelijke instulpingen i1s het aannemelijk
- er van ultgaande dat afgifte inderdaad door exocytose plaats vindt -
dat een dergelijke toename in membraanoppervlak snel gecompenseerd wordt

door afsnoering van het teveel aan membraanoppervlak.
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7. Verondersteld wordt dat de microblaasjes, die in enorme aantallen
voorkomen in de neuronale uitlopers bij het portaalsysteem voor een deel
ontstaan dcor zo'n afsnoering. WNa intraveneuse toediening van mieriks-
wortel peroxidase (horseradish peroxidase) — een eiwit te groot om in-
tacte membranen te passeren en gebruikt ter 'markering' van de extra-
cellulaire vloeistof - kap deze stof inderdaad aangetoond worden in be-
paalde microblaasjes. Dit geeft aan dat deze microklaasies, direct of in-
direct, ontstaan uit de membrazan van de uitloper.

Benadrukt wordt dat microblaasjes een hetercogene verzameling organel-
len vormen. Dit blijkt ondermeer na toediening van 5~-hydroxydopamine,
dat alleen opgenomen blijkt te worden in microblaasjes van bepaalde
neuronale ultlopers.

8. Omtrent het lot van opgenomen mierikswortel peroxidase is waarge-
nomen dat althans een deel naar het cellichaam wordt getransporteerd.
Daarnaast kunnen de niet-neuronale cellen van de eminentia mediana, die
opvallen door de aanwezigheid van karakteristieke 'vet druppeltjes' ,
een rol spelen blj de afbraak van opgenomen stoffen en van stoffen die
als afvalproducten van het secretieproces ontstaan. Zo is na steroid-
behandeling van gecastreerde dieren het aantal van deze 'vet druppel-

ties' tcegenomen.
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Ultrastructural Evidence for Exocytosis
in the Median Eminence of the Rat
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Summary. Exocytosis has been demonstrated by electron microscopy in the external
zone of the median eminence of the rat. Exocytotic profiles have been observed in nerve
fibres characterized by the presence of granular vesicles with median diameters of 90¢-130 nm
and agranular vesicles of about 50 nm. In addition to the small agranular vesicles, coated
vesicles of the same gize have been found in many nerve fibres, suggesting that at least
part of the agranular vesicles in the median eminence originate by micro-pinocytosis. The
nature of the fibres showing exocytosis is discussed. Attention is drawn to the possibility
of identifying tvpes of fibres in the median eminence by the occurrence of exocytosis.

Key words: Median eminence — Rat — Hxocytosis — Micro-pinocytosis — Releasing
factors.

A large part of the hormones secreted by endocrine cells is stored in vesicles
and may be liberated by exoeytosis. In this process the membrane of the vesicle
fuses with the plasma membrane of the cell, the fused membranes open and the
contents of the vesicle are extruded into the extracellular space. Examples of this
release mechanism have been described, e.g., in the rat anterior pituitary gland
(Farquhar, 1961; Pelletier ef al., 1971) and the adrenal medulla (Diner, 1967).

A comparable release of the membrane-limited elementary (neurosecretory)
granules in the posterior pituitary gland is suggested by the finding of Fawcett
et ol. (1968) that vasopressin and its carrier protein are released simultaneously.
Recently, ultrastructural evidence has also been brought forward for the cccurrence
of exocytosis in the neurosecretory terminals in the posterior pituwitary gland
{Nagasawa et al., 1970, 1971; Douglas ef al., 1971 ; Krisch et al., 1972; Santolaya
ef al., 1972).

The ultrastructural features of the external zone of the median eminence are
in many respects comparable to those of the posterior pituitary gland. In this
zone many nerve fibres abut on the basement membranes of the hypothalamo-
hypophysial portal capillaries. These tubero-infundibular fibres are thought to
contain biogenic amines and releasing- and inhibiting factors (RF and IF), stored
mainly in granular {GV) and agranular {AV) vesicles. Hitherto, evidence for the
release of material from these GV by way of exocytosis has not been presented
(Rohlich ef al., 1965; Bern ef af., 1966; Rinne, 1966; Monroe, 1967; Rodriguez,
1969; Nakai, 1971). We are not aware of data on the existence of carrier proteins
for RF and IF, but a proteinaceous component of the matrix of GV is surmised
* The technical assistance of Mrs. R. M. Y. Hartsteen is acknowledged with gratitude.

We would like to thank Prof. J. Moll for his helpful criticism. We also thank Miss P. Delfos
and Mr. W, van den Oudenalder for photographic assistance.
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{Scott ef @l., 1972). It seems possible that the release of RF and IF can also ocour
by exocytosis. Since evidence of exocytosis might be used to identify active
nerve terminals, the median eminence was examined for signs of such a mechanism.

After release by exocytosis plasma membrane has to be recaptured to prevent
the terminals from swelling. Nagasawa ef al. (1970) hypothesize that the small
AV, which occur in the posterior pituitary gland in addition to the neurosecretory
granules, are the products of this membrane recapture. Therefore, exocytosis might
explain the origin and the significance of at least part of the millions of small
AV in the median eminence.

Materials and Methods

Brains of adult male rats (R-Amsterdam strain) were fixed either by perfusion through
the heart under ether anaesthesia or by immersion fixation after rapid decapitation. A few
animals of the latter category were subjected to acute cold of about 5° C. For the first
procedure we used as primary fixative a solution of 0.5% paraformaldehyde and 2% glutaral-
dehyde (TAAB laboratories) in 0.1 M cacodylate buffer, pH 7.4, to which 2% polyvinyl
pyrrolidon was added (Kalimo, 1971}, At room temperature 400500 ml fixative was infused
over 15-20 min. The hypothalamus was dissected out immediately after the perfusion.
Slices of 1 mm were ¢ut and immersed in fresh fixative at 4° C up to a total fixation time
of 2 hr.

For the material fixed by immersion we used 1.5% paraformaldehyde, 2% glutaral-
dehyde and 0.02% 2, 4, 6, trinitrophenol (picric acid} in cacodylate buffer (Ito and Karnovsky,
1968}, to whieh 0.05% CaCl, was added. In addition some brains were fixed in buffered
3% glutaraldehyde. Within 30 sec after decapitation the chilled soluticn was injected into
the cranial cavity through the perimedullary space, after which it took 5 min for the
immersion of the hypothalamus into fresh fixative at 4° C. The sliced material was kept
in this selution for at least 5 hr.

The perfusion and immersion fixed material was rinsed in buffer to which sucrose was
added to obtain the same osmolality as the primary fixative. The material was post-fixed for
2hrin 2% osmium tetroxide in sucrose-cacodylate buffer. The perfusion fixed material was
treated with uranyl acetate and phosphotungstic acid in acetone (Wohliarth-Bottermann,
1957}, or with agueous uranyl acetate. The immersion fixed material was treated with
agueous urany] acetate. The tissue was dehydrated in graded acetone, embedded in Epon 812
and sectioned on a Reichert Om U2 ultramicrotome. For light mieroscopy coronal and
sagittal sections (1-2 um) were stained with methylene biue and used for selection of the mesa
{Galey, 1964). Ultrathin sections, collected on bare grids or on carbon coated formvar films,
were occasionally contrasted with a lead citrate solution (Venable and Coggeshall, 1965).
The sections were examined with a Philips EM 300 electron microscope operating at 40 KV.

Ohservations

In 12 rats connections have been observed between the membranes of GV and
the neuronal plasma membranes (Figs. 1d, 2, 3, 4), connections named exocytotic
tusions in the terminology of Santolaya ef al. (1972). They occur in nerve fibres
in the external zone of the median eminence and of the rostral infundibular stem.
A limited number of vesicles shows an open connection with the extracellular
space and still contains an electron dense content (exocytotic vesicles, Figs. 1b,
5, 6). Both signs of exocytosis, which will be referred to as exocytotie profiles,
are found in brains fixed by perfusion as well as in brains fixed by immersion.
They occur predominantly in membranes close to, but rarely in contact with,
the perivascular basement membrane.
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Fig. 1. a Perivascular layer of the external zone of the median eminence, showing nerve
fibres and terminals near the perivascular basement membrane {B53). Perfusion fixation,
aranyl acetate and phosphotungstic acid. > 22000. b Enlargement of the area enclosed in
rectangle b of Fig. 1a. Exoccytotic vesicle (EV) and coated vesicles (arrows). x 80000.
¢ Higher magnification of rectangle ¢in Fig. 1a, showing coated vesicles (arrows). x 39000.
d Serial section of another part of the nerve fiber shown in Fig. 1bh. Exocytotic fusion (£F).
® 80000, 4V small agranular vesicles; B basement membrane; €4 lumen of capillary;
EP ependymal, hypendymal or glial element; F fibrocyte; GV granular vesicles; M mitochon-
dria; N nucleus of fibrocyte; * intercellular space

The median diameters of the GV in individual fibres with distinet exocytotic
profiles differ considerably. They range from 90 to 130 nm. These GV are much
smaller than the neurosecretory granules in the hypothalamo-hypophysial tract.
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Fig. 2. Exocytotic fusion. Perfusion fixation, uranyl acetate. x 100000

Fig. 3. Part of a nerve terminal in contact with the perivascular space (PV), showing an
exocytotie fusion (EF), an indication of an exocytotic vesicle (EV ?) and a coated vesicle
{arrow). Immersion fixation: glutaraldehyde. HExperimental animal {acute cold). x 70000

Fig. 4. Exocytotic fusion. Immersion fixation: formaldehyde, glutaraldehyde, picric acid.
X 95000

Fig. 5. Ventral layer of the external zone of the median eminence. Cross-section of a nerve
fibre with predominantly large &'V, one of which shows exooytosis (exocytotie vesicle, EV).
Immersion fixation as Fig. 4. > 100000

Fig. 6. Exoccytotic vesicle. Immersion fixation as Fig. 4. Experimental animal (acute cold).
» 10000

AV small agranular vesicles; EV exocytotic vesicle; EF exocytotic fusion; GV granular
vesicles; NT' neurotubuli; PV perivascular space; * intercellular space
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The median diameters of the neurosecretory granules in the majority of these
fibres are 165180 nm.

In the fibres showing exocytosis the usual AV of about 50 nm occur among
GV, but generally in small numbers. Coated vesicles (Figs. ib, 1¢, 3) of a size
comparable to the small AV have also been found in these fibres, and in other
nerve fibres as well. Coated vesicles of a larger size have been observed both in
nervous and in ependymal, hypendymal or glial elements. In the latter elements
neither exocytotic profiles nor small coated vesicles have been observed.

Discussion

According to the present findings, exocytosis oceurs in the external zone of the
median eminence. Until now the oceurrence of exocytosis has not been reported
in the median eminence (Réhlich ef al., 1965; Bern ef ol., 1966; Rinne, 1966;
Monroe, 1967 ; Rodrignez, 1969 ; Nakai, 1971) and exocytosis has not been proposed
as a release mechanism in this area (Rodriguez, 1969; Nakai, 1971). The infrequent
occurrence of distinet exocytotic vesicles and their preferential localization in
membranes not in contact with basement membrane material might explain
why they have been overlooked. Because stimuli, inducing rapid release of
hormones, are able to increase the frequency of exocytosis in different endocrine
tissues (Normann, 1969; Couch et al., 1969: Nagasawa el al., 1971; Santolaya
et al., 1972), it is possible that increased release of certain RF, IF andfor biogenic
amines causes in the external zone of the median eminence an increase in the
numbers of exocytotic vesicles.

Aremarkable feature of the exocytotic profiles observed in the median eminence
is their frequent localization in the non-terminal zones of the nerve fibres. As a
consequence their content is released into the intercellular space between neuronal
and ependymal, hypendymal or glial processes. This does not exclude that material
released by exocytosis reaches the nearby portal vessels via the intercellular space,
considering 1. RF are small polypeptides (Folkers ef al., 1969; Schreiber, 1969),
2. the relatively large intercellular space in the median eminence and 3. the
complete lack of membrane specializations, resembling tight junctions, in the
external zone of the median eminence. However, 15 is also possible that the
material acts directly on the neighbouring processes or is ingested into the non-
nervous fibres by micro-pinocytosis (Rodriguez and La Pointe, 1969 ; Kobayashi
and Tshii, 1970) and is stored in tabular and vesicular organelles.

Our observations, on the presence of coated vesicles of a size comparable to the
small AV in fibres with exocytosis as well as in other nerve fibres, support the
hypothesis of release by exocytosis followed by membrane recapture, as postulated
by Douglas ef al. (1971). According to these authors, eoated caveolae, believed
to indicate micro-pinocytosis (Roth and Porter, 1964; Kanaseki and Kadota,
196G9), are formed as a consequence of exocytosis. The pinched off coated vesicles
are assumed to transform into the smooth small AV by shedding their coat. The
membranes of 5-6 vesicles of 50 nm diameter are theoretically required to
compensate for the membrane of one GV of, say, 120 nm, which has been incor-
porated into the plasma membrane. It can therefore be expected that coated
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vesicles are more readily found than exocytotic vesicles, assuming that the life-
span of an exocytotic vesicle does not markedly exceed that of a coated vesicle.
Coated vesicles thus offer in principle an even better criterion for identification
of nerve fibres, actively involved in hormone release, than exocytotic profiles.

Tt is not necessary to assume that all small AV of the external zone of the
median eminence originate from membrane recapture. Several authors (Kobayashi
et al., 1966; Hokfelt, 1967, Kobayashi and Matsui, 1969; Clementi & of., 1971;
Rodriguez, 1972) believe that the small AV contain transmitter substances, as
also indicated by the frequent use of the term “synaptic’ vesicles. Evidence
presented by Hokfelt (1967, 1868) and Rodriguez (1972) suggests that small AV
in. many nerve terminalg in the external zone of the median eminence store
monoamines. Therefore, our observations strengthen the idea that different types
of small AV exist in the median eminence (Kobayashi ef al., 1968), one of which
is due to exocytosis,

Which materials are contained in the exocytotic vesicles in the median
eminence is 8 question of considerable inferest. By analogy with the adrenal
medulla and the posterior pituitary gland a protein component seems likely. As
active principles several RF, IF, neurohypophysial hormones, dopamine, nor-
adrenaline, serotonin and small amounts of acetylcholine have been demonstrat-
ed in the median eminence (Carlsson ef al., 1962; Fuxe, 1964; Guillemin ef ol.,
1965; McCann and Dhariwal, 1966; Szentdgothai ef ol., 1968; Iwata and Ishii,
1969; Clementi ef al., 1970, 1971). Data on the correlation of these substances
with special vesicles are far from conclusive. There is some evidence (Pellegrino
de Iraldi and Htcheverry, 1967; Matsui, 1967; Kobayashi et «l., 1968; Hokdelt,
1968; Ochmke ef al., 1969; Doerr-Schott and Follenius, 1970; Rinne, 1970;
Ishii, 1970 ; Grofova and Rinvik, 1971) that after conventional fixation procedures
fibres containing catecholamines are characterized by small AV of about 50 nm
and GV of about 100 nm or smaller. Serotonin is, at least in the frog median
eminence, predominantly localized in fibres with GV of 60-100 nm (Nakai, 1971).
Studies with density gradient centrifugation suggest that RF are contained in GV
{Kobayashi and Ishii, 1969; Mulder ¢t ol., 1970; Clementi ef al., 1971). According to
Ishil (1972) gonadotrophin releasing factors are contained in GV with modal
diameters of 110 and 120 nm.

Considering these data and the size range of the median diameters of the
GV in the median eminence fibres showing exocytotic profiles, we hypothesize
that both biogenic amines and RF can be released by exocytosis. The much larger
size of the neurosecretory granules and their nearly complefe limitation to the
internal zone of the median eminence and to the posterior pituitary gland makes
oxytocin and vasopressin less likely as the content of the exocytotic vesicles.
Acetyleholine is also ruled out since it is localized in terminals with almost
exclusively small AV (see Livingston, 1971).

If it could be demonstrated that different stimuli, each releasing a specific
releasing factor of neurohumor, induce increased numbers of exoeytotic profiles
and coated vesicles in fibres with different ultrastructural contents, this would
provide a method for identifying fibres containing different RIF, IF and/or
biogenic amines by way of exocytosis. Experiments to test this are in progress.
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Sumimary. In order to characterize different sub-zones in the palisade zone of the rat
median eminence, quantitative ultrastructural parameters were applied to brains fixed in
aldehyde-osmium tetroxide. The palisade zone has been subdivided in 4 successive sub-zones.
Increaging numbers of granular vesicles (GV), especially those smaller than 110 nm, are
observed from dorsal to ventral sub-zones. There also are more GV per unit area of nervous
tissue in the perivascular than in the more dorsal sub-zones. The individual nerve profiles
exhibit a larger size in the perivascular layer than in the more dorsal areas, whereas the
number and size of nerve profiles devoid of vesicles diminish from dorsal to ventral. As a
consequence more GV oceur in the perivascular nerve profiles. In the GV containing nerve
profiles the concentration of GV is, however, constant in the different sub-zones. A fluctuating
size of the preterminal and terminal parts of the nerve fibres is suggested.

Key words: Median eminence ~— Rat — Granular vesicles — Ultrastructure — Quanti-
tative evaluation.

Most studies on the vesicular inclusions in the nerve fibres of the external
zone of the rat median eminence are confined to the area bordering immediately
upon the portal capillaries {(Akmayev ef al., 1967 ; Pellegrino de Iraldi and Etche-
verry, 1967,; Hokfelt, 1967; Zambrano and de Robertis, 1868 ; Zambrano, 1969;
Rinne, 1970, 1972 ; Daikoku ef al., 1971). This area is characterized by the occur-
rence of nerve terminals and non-nervous processes abutting on the basement
membranes of the hypothalamo-hypophysial portal capillaries.

In some studies the vesicular inclusions in the perivascular layer have been
compared with those in a more dorsal area in the external zone of the median
eminence (Rinne, 1966; Matsui, 1966; Kobayashi ef «l., 1967, 1968; Monroe
ef al., 1972). Most of the authors have noted a difference in size of the granular
vesicles ((GV) between these two areas. The implication of this difference, however,
is not clear.

Because of the possible physiological significance of GV in the storage of
releasing factors, inhibiting factors and biogenic amines, a systematic study has
been made of the distribution of GV in successive sub-zones of the external
zone of the median eminence.

Materials and Methods

After rapid decapitation the brains of 3 male adult rats (R-Amsgterdam strain) were
fixed by immersion, Two additional brains were fixed by aldehyde perfusion (see Discussion}.

* We are indebted to Mrs. R. M. Y. Hartsteen for technical assistance. The constructive
criticism of Prof. J, Moll is acknowledged, as well as the photographic assistance of Miss
P. C. Delfos.
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Ag primary fixative we used a solution: of paraformaldehyde, glutaraldehyde and 2, 4, 6, tri-
nitrophenol, with an osmolality of 880 mOsM. The material was kept in this solution for
4 hr. The material was post-fixed in osmium tetroxide and treated with uranyl acetate.
For details, see Stoeckart of al. {1972).

Sections of 1~2 um were stained with methylene blue for selection of the ultrathin sections.
To determine the rostro-caudal level of the sections the decrease in thickness of the median
eminence rostro-caudally was used. The part of the median eminence showing a third ven-
tricle-portal capillary distance of 140-160 pm was selected. Here, the distance between
third ventricle and pial membrane is 190-200 um. Ultrathin sagittal sections of silver inter-
ference colour were made of the median eminence of rats 1 and 2. Coronal sections were
made in rat 3. They were collected on bare grids.

In the external zone of the median eminence, areas with portal capillaries exclusively
at the ventral side were selected. On the dorsal side of these capillaries a series of eieetron
micrographs was taken over a distance of at least 42 um. The areas studied had to be free
of glial cell bodies and capillary loops (Fig. 1). This area of the external zone of the median
eminence is referred to as palisade zone and thus excludes the part of the external zone
sitiated between, and ventral to, the portal capillaries (zone granulosa in the terminology
of Martinez, 1860). No special attention was paid to the distance of the areas studied to
the mid-sagittal plane.

Jn the montages of the electron micrographs (magnification 11500 ) GV were counted
in areas of 508 um?. Such areas were sub-divided in 4 sub-zones, from dorsal to ventral D,
C, B and A, respectively (Fig.1). Hach sub-zone had a dorsal-ventral width of 10.4 um.
The area in these sub-zones is occupied by: 1. nerve profiles with neither GV nor agranular
vesicles (AV); these profiles are predominantly axons, 2. nerve profiles with one or more GV
{with and without AV), 3. nerve profiles with exclusively AV, 4. ependymal, hypendymal
and glial processes. The area oceupied by these 4 elements, present in the same areas in
which GV were counted, was estimated by a method of differential point counting (Weibel,
1969). As the mean extracellular space amounted to less than 4% of the total area, this
constituent has been neglected.

Observations

In the following description the terms increase and decrease refer to changes
which oceur in observed values going from the dorsal sub-zone D in the direction
of the perivascular sub-zone A (Fig. 1),

The Nervous Elements of the Palisade Zone (Table 1)

1. Nerve Profiles. The relative area occupied by nervous tissue in the various
sub-zones does not show a definite trend. However, the size (i.e. the mean area
occupied by the individual profiles) of the nerve profiles increases. As might
be expected, this inerease iz paralleled by a decrease in the number of nerve
profiles.

Further quantitative changes become apparent when the vesicular content
of the nerve profiles is considered:

2a) Nerve Profiles without GV and AV . The relative area occupled by nerve
profiles devoid of GV as well as AV shows a striking decrease, due to both the
smaller size and the smaller number of these profiles in the more perivascular
layers., Between individual rats the absolute number of these profiles--the
majority of which could be classified as axons-—varies, however, markedly.

2h) Nerve Profiles with GV (irrespective of the occurrence of AV ), The size
of the nerve profiles characterized by the presence of GV is evidently larger
in the perivascular sub-zone than in the more dorsal sub-zones. The area occupied
by these profiles shows a tendency to increase.



Ultrastructure of the Palisade Zone 113

T

Fig. 1. Montage of low power electron micrographs of the palisade zone of the median emi-

nence to demonstrate the localization of the sub-zones 1), ¢, B and 4. The most ventral

part of sub-zone A is bordering the outer basement membrane of a pertal capillary, in which
a platelet is noted. Coronal section, Rat 3. 33500

§ 2. Zellforsch., Bd. 136
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Table 1. The nervous elements in successive sub-zones of the palisade zone of the median

eminence
Sub- Nerve profiles Nerve profiles without GV and AV
zone Relative Mean Mean Relative Mean Mean
area @ areal number € area area number
D 65.722--0.870  0,564+0.04 13584159 3494 7.6 0435001 101.34+23.3
C 68.8 148 0.684-0.12 13874244 24.34-10.5  0.31-4-0.04 92.3420.6
B 64.5 +4.7 0.84--0.13 10594217 13.04+ 6.8 0.28-10.04 56.1-1-25.6
A 60.0 +4.3 1.35-4-0.24 63.14-13.1 3.54 23 0174002 24.1-+13.0
Total number counted: 3991 Total number counted: 2464
Sub- Nerve profiles with GV Nerve profiles with only AV
zone Relative Mean Mean Relative Mean Mean
area area number area area number
D 24.84 7.1 1.1330.13  28.2--6.6 5816 1.2140.22 63414
C 41.1-1-12.5 1.234-0.15 40.7+6.7 5.6--1.2 1.3740.27 57422
B 4514 6.1 1.404-0.08 43.5-4.1 6.34-1.9 141054 63114
A 47.2 6.2 2.02L0.09 30.74-3.8 9.312.2 1.3740.12  8.34-1.0
Total number counted : 1287 Total number counted: 240

2 % of the total surface area of & sub-zone occupied by nerve profiles.
b mean area occupied by individual nerve profiles in um®
¢ mean number of nerve profiles per 127 pm®.

a2 mean for 3 rats; the values of the individual rats are the means of 3 different areas of
127 pm? each.
bh SHEM.

2¢c) Nerve Profiles with AV only. Nerve profiles with exclusively AV oceur
throughout the palisade zone, but occupy even in sub-zone A only a minor
proportion of the total area. In sub-zone A they counstitute 10-156% of the total
number of nerve profiles, in the dorsal sub-zones less than 5%.

The Granular Vesicles of the Palisade Zone {Table 2)

The tendency towards an increase of the area occupied by nerve profiles
which confain GV (Table 1) is reflected by an increase in number of GV per
surface area (Table 2). Since the relative area of nervous tissue is constant,
ag already mentioned, the number of GV per area nervous tissue increases too.
As the size of the nerve profiles increases, a marked increase in number of GV
per nerve profile can be expected in the perivascular sub-zone. Indeed, a fivefold
increase is noted (Table 2). In the GV containing profiles, especially from sub-
zone B to A, an increase oceurs in number of GV {Table 2). This can only be
due to the increase in size of the GV containing profiles (Table 1), since the
number of GV per unit area GV-profile remains unchanged (Table 2).



Ultrastructure of the Palisade Zone 115

Table 2. Numbers of GV in successive sub-zones of the palisade zone of the median eminence

Sub- Rat Mean number of GV per f um? of Mean number of GV per
mone Total Nervous GV contain- Nerve GV contai-
surface area  tissue ing tissue profile ning profile

i 1.8340.4D 4.541.7 5.241.0 2.1+0.4 6.9--1.8

D 2 1.9 0.2 2.9+0.2 6.8--0.4 1.9403 7.0+£03

3 1.3 4+0.2 1.84-0.2 10.54-0.7 0.9+0.1 10.14-1.6

1.6 +0.3 3.0+0.8 7.5+1.6 1.640.4 5.0L£1.1

1 3.3 404 47407 5.740.8 44410 3.8+23

c 2 2.8 403 4.74+0.4 2.040.6 29401 10.641.5

3 2.3 409 31402 9.44+1.7 15401 8.8+0.5

2.8 403 42405 8.041.2 29408 0.440.6

1 3.8 0.1 59406 70408 6.3-0.5 9.9+41.2

B 2 3.4 408 6.0--1.0 7.4-+0.6 4£.841.0 9.641.4

3 3.6 +04 50405 103514 3.240.6 133422

3.6 0.1 56403 83+1.0 48409 10.941.2

1 3.6 +02 5.34+0.2 6.140.2 9.14+1.7 13.041.9

A 2 3.5 407 68+1.1 9.7+-0.7 081418 203449

3 4.1 +04 7.040.6 9.240.9 6.4+1.2 16.94-1.9

3.7 402 6.440.5 83411 8.441.1 16.74-2.1

& mean for 3 different areas of 127 um? each

b SEM

 Total number of GV counted in rat 1, 2 and 3: 4778, 4377 and 4226, respectively.

The Size of the Granular Vesicles (Fig. 2)

If 110 nm is taken as boundary between small and large GV, the increase
in number of GV per surface area (Table 2) holds especially for the small GV.
The ratio small GV/large GV (data 4 SEM from 3 rats) thus increases from
sub-zone D to A: 1.240.1, 1.74+0.3, 2.1 404, 594 0.5, respectively. When
individual GV containing profiles are roughly divided into small-GV.profiles
and large-GV-profiles, on the basis of the mean size of their GV, the ratio profiles
with small GV /profiles with large GV also shows an increase: 1.8 -4 0.4, 1.7 L 0.4,
264 0.6, 3.64 0.9, respectively.

Discussion

The following aspects of cur observations will be discussed:

1. The number of GV in different sub-zones in comparison to other investiga-
tions,

II. The increased number of small GV in the perivascular sub-zones.

III. The possibility of a variation in the size of the nerve terminals.

5%
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Fig. 2. Mean number of small (< 110 nm) and large (> 110 nm) GV in successive sub-zones
of the palisade zone of the median eminence. Values represent mean numbers (- SEM)
for 3 areas of 127 pm? each. Total number of GV counted: 13381

E

A sub-zone

1. Abgolute numbers of GV are not meaningful, because they depend on
factors such as fixation, section thickness, localization of the areas studied and
criteria according to which para-median sections of GV are included in the sample.
Thus, the number of GV in the rat perivascular layer, reported by different
authors (Pellegrino de Iraldi and Etcheverry, 1967; Kobayashi ef al., 1967;
Zambrano and de Robertis, 1968; Rinne, 1970) varies between 18 and 80 GV/
10 ym?. When, however, our data on GV in different sub-zones are compared
with the data of Monroe ef al. (1972) a remarkable difference is noted. They
found 54 GV/10 pm? in the direct perivascular zone, but 122 GV at a distance
of approximately 10-20 pm from the portal capillaries. In roughly comparable
sub-zones in our material {A and B) 37 and 36 GV/10um?, respectively, are
found (Table 2). To exclude the possibility of important differences in number
of GV between dorsal and ventral parts of our sub-zone A we further sub-divided A
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in & dorsal and ventral zone. This yielded, however, about equal numbers of GV.
Thus, in contrast to our data, Monroe ef al. (1972) found a relatively small number
of GV in the direct perivascular layer of the adult female rat.

The data of Monroe ef al. (1972) on anaesthetic, fixation and localization of the areas
are not completely clear, but our additional data on perfusion fixed, anaesthetized rats
do not show more GV in the dorsal sub-zones: Rat 4, adult female, diestrous, Avertin
anaesthesia i.p., mean number (4 SEM) of 4 montages from sub-zone D to A resp. 14.9 1.9,
183121, 2984 7.0, 43.04 4.9; Rat 5, adult male, ether anaesthesia, mean number of
3 montages resp. 16.5+4 2.6, 22.6+4- 8.7, 21.24 3.4, 18.141.1. The areas used were of the
same size as mentioned in Materials and Methods, but the localization of these areas extended
over a rostro-caudal distance of about 1000 pm.

Our data are more in agreement with those of Kobayashi ef al. (1967) and
Matsui (1966). The former authors found 18.6 GV/10 pm? in the palisade zone
and 18.1 in the perivascular zone. The distance between their zones is, however,
not mentioned and the total area involved is small. The same holds for the data
of Matsui. He found about 15% more GV in the perivascular layer than in the
palisade zone.

II. Obviously, nerve fibres and ferminals in the perivascular 10 ym wide
sub-zone at the dorsal side of the portal capillaries contain relatively smalll GV
{Fig. 2). This suggests that either GV diminish in size in the distal part of the
fibre or that a special type of nerve fibre, characterized by relatively small GV,
is preferentially localized in this area (or both). The first possibility is suggested
by Rinne {1966) and Monroe et al. (1972), the second by Kokayashi et al. (1968).
The second view, that of a preponderance of special fibres with small GV occurs
in the perivascular layer, seems, at least partly, correct on the basis of the follow-
ing: 1. A considerable part of the terminals in the perivascular zone of the median
eminence seems to originate from the arcuate nucleus (Lichtensteiger and Lange-
mann, 1966 ; Fuxe and Hokfelt, 1966; Sano ef al., 1967 ; Szentdgothai ef al., 1972;
Bjorklund et al., 1970; Réthelyi and Haldsz, 1970; Raisman, 1972), 2. In our
madterial the GV in the neuronal perikarya of the arcuate nucleus are of a small
diameter with a mean size of about 90 nm {Klootwijk, unpublished). If one
accepts these findings, the opposite view, a diminution of size of the GV in
the distal part of the fibre, does not seem necessary. Moreover, if exocytosis,
demonstrated in the external zone of the median eminence (Stoeckart ef al.,
1972}, is the sole release mechanism in this area, there is no compelling reason
for a decrease in the size of the GV in the terminal part of the nerve fibre.

According to our observations, the majority of the axons in the palisade
zone do not proceed ifrom dorsal to ventral areas in a coronal plane, but more
in a rostro-caundal direction. In this respect, the name palisade zone is a mis-
leading one, because this palisade appearance is caused by non-nervous processes.
Only a limited number of terminals, therefore, belongs to axons and preterminal
parts observed immediately dorsally. Thus, observations on the distribution of
GV refer to axons and terminals in general and not to axons with their own
terminals. Serial sections will be necessary to establish if changes in the size
of the GV oceur along the axon.

1 In different reports the terms small and large GV designate entirely different categories.
The term small GV, as used in this article, refers to GV of 60-110 nm.
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No direct evidence on the content of the (V is provided by our observations.
However, micrographs published in several articles (Sano ef al., 1967; Smith
and Simpson, 1970; Hokielt and Fuxe, 1972) demonstrate an increase in fluo-
rescent material from dorsal to ventral in the palisade zone. This inecrease is in
agreement with the inerease in numbers of small GV and the relative increase
in numbers of profiles with small GV, noted here. Therefore, fibres characterized
by small GV are likely to contain catecholamines (Kobayashi ef al., 1968 ; Hokfelt
1968 ; Fuxe and Hokfelt, 1969; Barry, 1970; Doerr-Schott and Follenius, 1970).

The diameters of the GV in the different sub-zones of the external zone
of the median eminence and the localization of the terminals with relatively
large GV are now being studied.

ITT. Evidently, the nerve fibres enlarge into preterminal and terminal swellings
especially in the sub-zone closest to the portal capillaries (Table 1). Since profiles
devoid of GV decrease in size from the dorsal to the more perivascular sub-
zones and the size of the exclusively AV containing profiles remains unchanged,
the swellings are characterized by the presence of GV. In these GV containing
profiles increased numbers of GV are found in the more perivascular sub-zones
{Table 2). However, the concentration of the (V in these profiles {¢.e. the number
of GV per unit area of GV containing tissue) remains unchanged. It seems,
therefore, that an increased supply of GV does not result in a larger concen-
tration of GV, but in a larger terminal. This suggests that the size of the pre-
terminal and terminal parts of the nerve fibres may fluctuate under normal
physiological circumstances. In that case, the size will depend on the synthesis
of GV in the perikaryon, the transport veloeity in the axon and, possibly, on
local synthesis or refilling of vesicles in the terminal and also on release and/or
degradation of the GV. It cannot be excluded that exocytosis and micro-pino-
cytosis (Douglas ef al., 1971; Stoeckart ef al., 1972) play a role in this process.

References

Akmayev, I. G., Réthelyi, M., Majorossy, IX.: Changes induced by adrenalectomy in nerve
endings of the hypothalamic median eminence (zona palisadica) in the albino rat. Acta
hiol. Acad. Sci. hung. 18, 187-200 (1967).

Barry, J.: Etude en fluorescence U.V. des monoamines des axes hypothalamo-préhypo-
physaires chez divers rongeurs. In: Neuroendocrinologie {eds. J. Benoit, C. Kordon},
p- 539-72. Paris: C.N.R.S. 1970.

Bisrklund, A., Falck, B., Hromek, F., Owman, C., West, K. A.: Identification and terminal
distribution of the tubero-hypophyseal monocamine fibre systems in the rat by means
of stereotaxic and microspectrofluorimetric techniques. Brain Res. 17, 1-23 (1970).

Daikoku, 8., Kotsu, T., Hashimoto, M.: Electron microscopic observations on the develop-
ment of the median eminence in perinatal rats. Z. Anat. Entwickl.-Gesch. 134, 311-327
{1971).

Doerr-Schott, J., Follenius, E.: Identification et Iocalisation des fibres aminergiques dans
I’éminence médiane de la grenouille verte (Rana esculenia L.) par autoradiographie au
microscope électronique. Z. Zellforsch. 111, 427436 (1970).

Douglas, W. W., Nagasawa, J., Schulz, R.: Electron microscopic studies en the mechanism
of segretion of posterior pituitary hormones and significance of microvesicles {*“synaptic
vesicles™): evidence of seeretion by exocytosis and formation of microvesicles as a by-
product of this process. In: Subcellular organization and function in endocrine tissue

{eds. H. Heller, K. Lederis). Cambridge: University Press. Mem. Soc. Endocrinol, 19,
353-378 (1971).



Ultrastructure of the Palisade Zone 119

Fuxe, K., Hokfelt, T.: Further evidence for the existence of tubero-infundibular dopamine
neurons. Acta physiol. scand. 66, 245-246 (1966).

Fuxe, K., Hokfelt, T.: Catecholamines in the hypothalamus and the pituitary gland. In:
Frontiers in neurcendocrinology (eds. W. F. Ganong, L. Martini), p. 47-96. New York:
Oxford University Press 1969.

Hokfelt, T.: The possible ultrastructural identification of tubero-infundibular dopamine-
containing nerve endings in the median eminence of the rat. Brain Res. 5, 121-123 (1967).

Hoktelt, T.: In vitro studies on central and peripheral monoamine neurons at the ultra-
structural level. Z. Zellforsch. 91, 1-74 (1968).

Hokfelt, T., Fuxe, K.: On the morphology and the neurcendocrine role of the hypothalamic
catecholamine neurons. In: Brain-endocrine interaction. Median eminence: Structure and
function. Int. Symp. Munich (eds. K. M. Knigge. D. E. Scott, A. Weindl), p. 181-223.
Basel: Karger 1972.

Kobayashi, T., Kobayashi, T., Yamamoto, K., Kaibara, M. : Electron mieroscopic observation
on the hypothalamo-hypephyseal system in the rat. IT. Ultrafine structure of the median
eminence and of the nerve cells of the arcuate nucleus. Endocr. jap. 14, 158~177 (1967).

Kobayashi, T., Kobayashi, T., Yamamoto, K., Kaibara, M., Ajika, K.: Electron microscopic
cbservation on the hypothalamo-hypophyseal system in rats. IV. Ultrafine structure of
the developing median eminence. Endaocr. jap. 15, 337-363 (1968).

Lichtensteiger, W., Langemann, H.: Uptake of exogenous catecholamines by monocamine-
containing neurons of the central nervous system: uptake of catecholamines by arcuato-
infundibular neurons. J. Pharmacol. exp, Ther, 151, 400-408 (1966).

Martinez, P.: The structure of the pituitary stalk and the innervation of the neurchypophysis
in the cat. Diss. Leiden 1960.

Matsui, T.: Fine structure of the median eminence of the rat. J. Fac. Sci. Tokyo, sec. IV,
11, 71-96 (1966}.

Monroe, B. G., Newman, B. 1., Schapiro, 8.: Ultrastructure of the median eminence of
neonatal and aduit rats. In: Brain-endoecrine interaction. Median eminence: Structure
and function. Int. Symp. Munich (eds. K. M. Knigge, D. E. Scott, A. Weindl), p. 7-26.
Basel: Karger 1972.

Pellegrino de Iraldi, A., Etcheverry, (. J.: Ultrastructural changes in the nerve endings
of the median eminence after nialamide-DOPA administration, Brain Res. 6, 614-618
(1967).

Raisman, G.: A second look at the parvicellular neurosecretory system. In: Brain-endocrine
interaction. Median eminence: Structure and function. Int. Symp. Munich (eds. K. M.
Knigge, D. E. Scott, A. Weindl), p. 109-118. Basel: Karger 1972,

Réthelyi, M., Halisz, B.: Origin of the nerve endings in the surface zone of the median emi-
nence of the rat hypothalamus. Exp. Brain Res. 11, 145-158 (1970).

Rinne, U. K.: Tltrastructure of the median eminence of the rat. Z. Zellforsch. ¥4, 98-122
(1966).

Rinne, U. K.: Experimental electron microseopic studies on the neurovascular link between
the hypothalamus and anterior pituitary. In: Aspects of neuroendocrinology (eds. W. Barg-
mann, B. Scharrer), p. 220-225. Berlin-Heidelberg-New York: Springer 1970.

Rinne, U. K.: Effect of adrenalectomy on the ultrastructure and catecholamine fluorescence
of the nerve endings in the median eminence of the rat. In: Brain-endocrine interaction.
Median eminence: Structure and function. Int. Symp. Munich (eds. K. M. Knigge, D. E.
Scott, A. Weindl), p. 164—170. Basel: Karger 1972,

Sano, Y., Odake, G., Taketomo, S.: Fluorescence microscopic and electron microscopic
observations on the tuberohypophyseal tract. Neurcendocrinology 2, 30-42 (1967),
Smith, G.C., Simpson, R. W.: Monoamine fluorescence in the median eminence of foetal,

neonatal and adult rats. Z. Zellforsch. 104, 541-556 (1970}.

Stoeckart, R., Jansen, H. G., Kreike, A. J.: Ultrastructural evidence for exocytosis in the
median eminence of the rat. Z. Zellforsch. 131, 99-107 (1972).

Szentagothai, J., Flerks, B., Mess, B., Haliasz, B.: Hypothalamic control of the anterior
pituitary. Budapest: Akadémiai Kiadd 1972.



120 R. Stoeckart et al.: Ultrastructure of the Palisade Zone

Weibel, E. R.: Stereological prineiples for morphometry in electron microscopic cytology.
Int. Rev. Cytol. 26, 235-302 (1968},

Zambrano, D.: The arcuate complex of the female rat during the sexual cycle. An electron
microscopic study. Z. Zellforsch. 93, 560-570 (1969).

Zambrano, D., de Robertis, E.: The effect of castration upon the ultrastructure of the rat
hypothalamus. II. Arcuate nucleus and outer zone of the median eminence. Z. Zellforsch.
87, 409-421 (1968).

Rob Stoeckart

Medical Faculty Rotterdam
Dept. of Anatomy I HB 13
P. 0. Box 1738

Rotterdam

The Netherlands



Z. Zeliforach. 146, 501-—515 (1973) 3
© by Springer-Verlag 1873

Sizes of Granular Vesicles
in the Rat Median Eminence,
with Special Reference to the Zona Granulosa

R. Stoeckart®, A. J. Kreike, and H. G. Jansen
Erasmus University, Department of Anatomy, Rotterdam, The Netherlands

Received September 17, 1973

Summary. A quantitative evaluation has been made of the sizes of neuronal granular
vesicles {(GV) in different (sub-jzones of the rat median eminence. On the basis of the fre-
quency distribution of the mean sizes of the GV in the individual nerve profiles, at least 4
tentative categories of nerve profiles may be distinguished. However, available data do not
permit characterization of nerve fibre categories in terms of neurohermone andfor neuro-
transmitter storage.

From dorsal to ventral the palisade zone shows a decrease in mean size of GV; further-
more, the relative number of nerve profiles characterized by small GV (mean size smaller than
112 nm} increases. In contrast, the GV in the zona granulosa, that part of the external zone
of the median eminence ventral to the palisade zone, are of relatively large size.

Qualitative observations indicate that the zona granulosa may be regarded as an area
for both storage and release of biologically active substarnces.

Key words : Median eminence — {Rat} — Granalar vesicles — Uldrastructure — Quantita-
tive evaluation.

Granular vesicles (GV) are thought to contain specific biologically active
substances. Releasing factors, inhibiting factors and biogenic amines have been
proposed as active substances in the GV of the non-myelinated nerve profiles of
the tuberoinfundibular system (review by Kobayashi et al., 1970). In addition,
a correlation between size and content of GV has been suggested (Ishi, 1970;
Kobayashi ef al., 1970; Rinne, 1970; Rodriguez, 1971 ; Ishii, 1972).

In a previous article (Stoeckart ef al., 1973) attention was drawn to differences
in the fine structural organization of successive sub-zones of the palisade zone of
the median eminence where a progressive decrease in size of GV from dorsal to
ventral was noted. As the data were obtained {rom observations at a magnification
too low to measure precisely the sizes of the GV, measurements were made at a
higher magnification. In addition to the palisade zone, we studied areas at the
dorsal and ventral side of this zone: the zona interna and the zona granulosa. The
zona interna is traversed by the neurosecretory axons which arise from the cell
bodies of the supraoptic and paraventricular nuclei and terminate in the posterior
pituitary gland, while the nature of the zona granulosa is unclear.

Materials and Methods

For general observations brains of adult male and female rats (R-Amsterdam strain)
were fixed by intravascular perfusion (Figs. 1, 2, 3). Animals were perfused under Avertin

* We are grateful to Mrs. R.M.Y. Hartsteen for technical assistance, to Miss P.C. Delfos and

Mr. W. van den Oudenalder for photographic assistance and to Prof. J. Moll for helpiul
eriticism.
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Fig. 1. Montage of low power electron micrographs derived from the rostral part of the

median eminence, to demonstrate the different (sub-)zones. Coronal section. Perfusion fixation;

osminm tetroxide; uranyl acetate block staining. In the terminology of Kobayashi et al.
(1970) a zona reticularis is located between the fibre layer and the palisade zone. x 1100
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anaesthesia with a mixture of 1% formaldehyde and 2% glutaraldehyde in cacodylate
buffer, to which polyvinyl pyrrolidon was added. For further details, see Stoeckart ef al. (1972).
Tn cases where post-fixation with osmium tetroxide was omitted (Fig. 3), the material was
treated with ethanolic phosphotungstic acid (Bloom and Aghajanian, 1968). For the quantita-
tive study, three immersion fixed brains, used in previous work {Stoeckart cf al., 1973}, were
imvestigated in greater detail. The area of the median eminence studied was situated 0.35-0.85
mm rostral to the infundibular stem and as close to the midline as possible. In sagittal sections
of silver interference colour we compared the zone interna, the palisade zone and the zona
granulosa. The palisade zone was arbitrarily sub-divided into 4 sub-zones {from ventral to
dorsal A, B, C and D} with a dorso-ventral width of 104 pm each (Fig. 1). The zona granulosa
(Hagen, 1955; Martinez, 1960) is part of the external zone of the median eminence and wili be
referred to as zona gr. In each rat 7 electron micrographs of 31 pm? {magnification 35000 )
were used, taken from the 6 mentioned (sub-)zones. Areas characterized by large non-nervous
processes were not nsed. With the aid of a particle size analyzer TGZ 3 (Zeiss) the sizes of GV
were measured {interval scale 5.25 nm). Only GV characterized by clearcut membranes were
included in the sample. As a consequence, about 40% of the, mainly tangentially sectioned,
GV were excluded.

In an attempt to characterize nerve profiles by the size of their GV, we determined the
mean size of the GV in the individual nerve profiles. Because of the size variation of the GV
within cne profile, we excluded nerve profiles containing less than 5 GV,

For significance of difference between the means of two size distributions Student’s t-test
was used.

Observations

Sizes of GV in the Median Ewminence

The following lists the determinations carried out and their rationale:

1. the mean sizes of GV in different (sub-)zones, in order to determine which overall changes
in size of GV oceur from dorsal to ventral in the median eminence.

11 the frequency distribution of sizes of GV in different {sub- }zones, in order to determine
it GV of a special size ocour preferentially in special (sub-)zones.

II1. the frequency distribution of sizes of all GV measured, in order to determine if one or
more peak values ocour.

IV. the frequency duistribution of mean sizes of GV in tndividual nerve profiles {containing
5 GV at least), in order to establish whether categories of nerve profiles exist, as far as mean
size of GV iz concerned.

V. the velative numbers of nerve profiles, grouped into categories on the basis of IV., in the
different (sub-jzones, in order to compare the (sub-)zones on the basis of the mean sizes of the
(+V in the individual nerve profiles.

V1. the sizes of the GV occurring in nerve profiles with at least 5 GV, compared to those in
wrofiles with less GV, in order to establish if the GV of the nerve profiles selected for [V, and V.
are representative for all GV,

I Mean Sizes of GV in Different (Sub-)Zones (Table 1)

In the external zone, a decrease in the mean sizes of the GV was observed from
the dorsal sub-zone D to the perivascular sub-zone A. However, GV in the most
ventral area of the external zone, the zona gr., did not follow this trend. On the
contrary, in rat 1 and 2 the mean sizes of the GV in the zona gr. appeared to be
significantly larger (P<C0.001) than those in sub-zone A. The mean sizes of the
GV in the internal zone were, however, much larger than those in the zona gr.

IT. Frequency Distribution of Sizes of GV in Different (Sub-)Zones (Fig. 4)

For Fig. 4 the data of the individual rats were combined for each of the (sub-)
zones. Marked peak values within a (sub-)zone were lacking. The mean size of the

34 %, Zellforsch., 1B3d. 146
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Fig. 2a. Ventral part of the external zone of the median eminence, Coronal section. Capillaries

are empty as a consequence of a perfusion fixation; osmium tetroxide; uranyl acetate

block staining. x3300. b detall of sub-zone A 20000, ¢ detail of zona granulosa x 20000.

AV agranular vesicles; &F granular vesicles; L lipid droplet in non-nervous process near to

synaptoid contact; P non-nervous process; P dorsal part of pars tuberalis; PV (extension

of) perivascular space; arrows outer basement membrane; *omega-shaped profile suggestive
of exoeytosis

GV decreasged from 117.6 nm in sub-zone D to 984 nm m sub-zone A, while the
mean size of the GV in the zona gr. appeared again to be relatively large (110.3 nm).
The large size range of the GV in the internal zone will be caused by the oceur-
rence of markedly different types of GV, the largest of which (the “eclassical”
neurosecretory granules) apparently range from about 140 nm to 260 nm.
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Fig. 2b and ¢

111. Frequency Distribution of Sizes of all GV Measured (Fig. 5. open Area)

The main peak in frequency of GV occurred at 90-116 nm, with indications of
minor ones at 59-64 and 122-127 nm. It should be noted that the neurosecretory
granules which appeared to ocour almost exclusively in the internal zone (Fig. 4)
do not reach a peak frequency. This is due to a predominance of electron micro-
graphs derived from the external zone. In the series of electron micrographs of the
external zone the various sub-zones are equally represented.

347
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Tig. 3a and b. Ventral part of the external zone of the median eminence. Coronal section.

As a consequence of the proeedure (ethanolic phosphotungstic acid after perfusion fixation}

the cores of the GV are electron dense. Protein containing components like collagen fibrils

are also markedly electron dense. a detail of sub-zone A 18000, b detail of zona granulosa

% 18000. E endothelium; ' collagen fibrils in perivascular space; GT cores of granular
vesicles; & endothelial nucleus
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Table 1. Mean sizes of GV (nm) in different (sub-)zones of the median eminence

Rat 1 Rat 2 Rat 3

{sub-)zone sizel SEM? »? gize SEM n size SEM n

interna 168.7 1.9 424 1614 2.0 195 169.8 3.1 120
D 105.9 0.8 477 124.7 1.2 371 125.0 1.4 348
C 106.6 1.0 395 12t.4 1.2 473 110.3 1.0 374
I 101.7 0.8 570 109.9 1.3 356 108.9 0.9 431
A 91.0 0.6 563 102.3 0.9 559 102.2 0.9 408
granulosa 111.7 0.7 741 116.4 1.t 372 103.5 0.9 486

1 mean for GV in 7 areas of 31 um? each
? standard error of mean (SEM)
3 number of GV

Yo |
ZONA INTERNA
sk Mﬂsm nm
N nien I
10 b SUB_ZONE D
L nGV=1196 X< 117.6 nm
- SUB_ZONE C
L nGvV=1242 X = 113.8 nm
o SUB_ZONE 8
B nGV=1357 % = 1066 nm
0 SUB_ZONE A
B RGVZ1620 % = 984 nm
10+
ZONA GRANULOSA
L nGY=1589 %= 110.3 n
| L | | t | | 1 1 L i l
60 80 100 120 140 180 180 200 220 240 nm

Fig. 4. Frequency distribution of sizes of GV in different (sub-)zones of the median eminence,
Data are derived from 3 rats; 7 areas of 31 um?((sub-)zone/rat
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number of GV X100

number of nerve profiles, X10

1
) 510 SID 1(I)0 ?éD 1:10 180 180 200 220 2:10 nm
Fig. 5. Frequency distribution of sizes of 3V (open area) in all nerve profiles and of means of
sizes of GV (hatched area) in nerve profiles with 5 GV or more. Data for GV are derived from
7153 GV, accurring in 1827 GV containing nerve profiles, located in the same 126 areas as
used for fig. 4. Of these nerve profiles 480 contained 5 GV or more. Vertical interrupted lines
indicate boundaries of tentative categories

1V. Frequency Distribution of Mean Sizes of GV in Individual Nerve Profiles
(Fig. 5, Hatched Area)

Mean gizes of GV in individual nerve profiles containing at least 5 GV peaked
at 90-95, 101-106, 117-127 and 169-174 nm. Taking into consideration data of
others, algo indicating that different categories of nerve terminals exist as far as
size of GV is concerned {Rodriguez, 1971 ; Ishii, 1972), this suggests that at least
4 categories of nerve profiles may be distinguished. The mean sizes of the GV in
these fentative categories of nerve profiles are: smaller than 96 nm, 96-111 nm,
112-148 nm and larger than 148 nm. Nerve profiles with GV of about 60-70 nm
may Tepresent an additional category. Partly because of the relatively small
namber of small GV /nerve profile {see V1.), they hardly show up in the hatched
frequency distribution of Fig. 5.

V. Relative Numbers of Nerve Profiles, Grouped into Categories on the Basis of IV,
in the Different (Sub-)Zones {Table 2)

The proportion of nerve profiles with a mean size smaller than 96 nm increased
from 6.1 % in the zona interna to 50.9% in sub-zone A. More than 80% of the nerve
profiles in sub-zone A were characterized by a mean size smaller than 112 nm.
The predominance of profiles with, thus defined, small GV i also found in sub-
zone B but not in the other (sub-)zones. Nerve profiles containing GV of a mean

size larger than 148 nm hardly occurred in the ventral (sub-)zones of the external
zone of the median eminence.
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Table 2. Relative number! of nerve profiles?, grouped into categories cn the basis of the
mean size of GV, in different (sub-)zones of the median eminence
(total number of nerve profiles?/{sub-)zone = 100%)

catbtegories

p=]
(sub-)zone < 96% 96111 112-148 =148 number of
profiles
interna 6.1 3.0 6.1 S4.8 33
D i8.0 16.7 58.3 7.0 73
¢ 13.9 26.6 54.5 5.0 79
B 25.3 39.8 33.7 1.2 83
A 50.9 33.0 16.1 - 106
granulosa 19.8 28.3 50.9 — 106

L calculated over total number of nerve profiles/(sub-)zone in 3 rats; the values of the
individual rats are derived from 7 areas of 31 pm?/(sub-)zone

2 only nerve profiles with. = 5 GV

nm

VL. Comparison between Profiles Containing 5 GV at Least and those Containing
Less GV

Tt can be caleulated that, by selection of nerve profiles with 5 GV or more, 74% of the
nerve profiles were disregarded ; these disregarded profiles contained 36% of the GV. However,
if the data of Fig. 4 were used to group the GV in the separate (sub-)zones on the basis of the
categories of IV.. these relative numbers in the different (sub-)zones, obtained for all GV,
appeared to agree remarkably well with the data of Table 2, which represent the selected
GV only. Nevertheless, the possibility remained that the GV in the selected nerve profiles
were not representative for all GV. Therefore, we compared the sizes of GV in profiles with
1-4 GV {group a} and those in profiles with more GV (group b). It turned out that GV of
group a (2854 GV) were significantly smaller (P < 0.001) than those of group b (4899 GV):
mean -+ SEM, 110.3 + 0.5 and 117.2 4 0.4 nm, respectively.

As in all separate (sub-)zones (1V in nerve profiles with 5 GV or more were relatively large,
a correlation between the number of GV/profile and the size of GV holds probably for several
parts of the nerve fibre {axon, varicosity and/or terminal).

As the nuwmber of GV/nerve profile is cansed by two factors, the size of the nerve profile
and the concentration of the GV (number of GV/unit area of GV containing axoplasm}, we
roughly estimated for rat 1 these two factors for the profiles of group a and b. In the profiles
with 5 GV or more, the mean size of the nerve profiles was 2.6 x larger than that of the nerve
profiles containing less XV, while the concentration was 1.8 larger. These observations
suggest that nerve profiles with 5 GV or more, 1. are relatively large, 2. contain a relatively
large concentration of GV and 3. contain relatively large GV.

The Zona granulosa

Part of the nervous and non-nervous processes in the palisade zone are ob-
served to pass by the portal capillaries which border the palisade zone and enter
the zona gr. (Figs. 1, 2a). The non-nervous processes in the zona gr. are not
oriented as in the palisade zone. The processes in the zona gr. are located in
an extensive collagen containing perivascular space (Figs. 2a, 2¢, 3b). At many
places, cells of the pars tuberalis {pars infundibularis) of the anterior pituitary
gland border ventrally the zona gr. The thickness of the zona gr. is maximal
in the mid-central region of the median eminence and varies greatly rostro-
caudally. The dorso-ventral width may amount to 40 ym but at the most rostral
part of the median eminence and at the level of the hypophysial stem this zone
is almost non-existent.
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The nerve profiles of the zona gr, impress as relatively large and containing
large numbers of GV. The GV seem, generally, to be larger than those in sub-zone
A (Fig. 2; compare Fig. 4). This observed difference also holds for the core of the
GV, which can be seen well after treatment with ethanolic phosphotungstic acid,
by which especially protein containing components like collagen become electron
dense {Fig. 3}. In a small proportion of the nerve profiles images have been oh-
served compatible with exocytotic release of the core of the GV (Fig. 2¢). Agranular
vesicles ocour especially in nerve profiles observed to be in contact with the outer
basement membrane of the perivascular space.

The gquantitative data on the median eminence obtained at low magnification
{Stoeckart ef af., 1973) were extended to the zona gr. by determining the ratio
small GV /large GV (borderline at about 110 nm). This ratio was for the zona gr.
of rat 1, 2 and 3:0.74-0.1, 1.44-0.3 and £.3+4-0.3, respectively {mean 4-SEM: the
values are the means of those obtained in 3 different areas of 127 um? each: total
number of GV included:3449}. These ratios are comparable to those for the dorsal
sub-zones of the palisade zone, while vaiues fo sub-zone A are much higher
{Stoeckart et al., 1973). Consequently, GV in the zona gr. are, generaily, larger
than those of the nearby sub-zone A, as shown also in Fig. 4.

Discussion
Categories of Nerve Fibres
Data on “types” of nerve fibres in specific (sub-)zones of the external zone of the median
eminence, are almost completely lacking. Quantitative data are available only on the peri-
vasoular layer of the rat (Rinne, 1966} and the frog (Nakai. 1971) and on the rostral palisade
zone of the pigeon {Peczely and Calas, 1970). Their data on the perivascular layer are com-
parable to our data for sub-zone A, with regard to the large proportion of fibres containing
GV smaller than 112 nm. Their data on the palisade zone show a high proportion of fibres

with GV of 120-140 nm, comparable to that of nerve profiles with GV of 112-148 nm in our
sub-zone C and D (Table 2}.

The data suggest that the median eminence of different vertebrate classes has more features
in common than the general organization only.

For the rat median eminence, most authors recognized two “types’” of nerve
fibres, on the basis of size of GV (Roéhlich ef al., 1965; Kawashima ¢t al., 1966;
Kobayashi, 1866; Oota, 1966; Matsul, 1966; Monroe, 1967; Scott and Knigge,
1970; Fink and Smith, 1971; Raisman, 1973). The predominant sizes of the GV in
these two “types” varied, however, markedly in the different studies: 77-120 nm,
and 110-200 nm or larger, respectively. GV of the first “type” were thought to
contain monoamines and, possibly, releasing factors; the second “type’” was
assumed to contain neurogecretory material.

In contrast, Rinne (1966), Kobayashi et ol. (1968, 1969) and Kobayashi et al.
{1970} concluded to 3 categories, with main values at about 80-100, 110-133 and
150-200 nm. According to them the first 2 categories may contain monoamines,
releasing factors and, possibly, neurohypophysial hormones; the last category
may contain neurchypophysial hormones, but other active substances could not
be excluded.

On the basis of our findings on the frequency distribution of the mean sizes
of GV in individual nerve profiles one could assign at least 4 tentative categories



Granular Vesicles in the Median Eminence 511

of nerve profiles: mean size smaller than 96 nm, 96-111 nm, 112-148 nm and
larger than 148 nm. The first category may represent two sub-categories, one of
which contains GV of about 60-70 nm.

It should be mentioned that a reliable categorization of nerve profiles is neither possible
en the basis of the limited material of this study nor on the basis of the material used in other
studies on the rat median eminence. Maode values as proposed by Rodrignez (1971) can not
be obtained, since the number of GV per cross-sectional nerve fibre is small (in our material
4.2 in 1800 nerve profiles containing GV). Median values, or mean values as used by us,
charaeterize the nerve profiles only roughly and underestimate the real size of the GV, since
in many cases the center of the GV will be located outside the nltrathin section.

Besides, the validity of the values obtained for mean {or median} sizes of GV in individual
nerve profiles is low if all GV containing nerve profiles are used, because of the size variation
within one profile and the large proportion of GV containing profiles with a small number of
GV {in our material 74% of these profiles contain 1-4 GV). Therefore, we excluded nerve
profiles with 4 GV or less, while Ishii (1972) selected profiles with 6 GV or more. A drawback
of this kind of selection is the difference in size of GV, noted by us, between nerve profiles
containing 14 GV and those containing more GGV. Serial sections will be necessary to solve
these problems.

On the basis of an extensive quantitative study on the stalk-median eminence
of two horses, Ishii (1972) conecluded to five groups of GV containing axons.
Four of these groups are, roughly, comparable to our categories. A fifth category
at about 145 nm is not recognized in our material. However, in our material GV
of this size are mainly found in the internal zone of the median eminence from
which area, in comparison to the external zone, only a limited number of electron
micrographs has been derived. According to another quantitative study (Rodriguez,
1971}, 4 types of GV containing nerve fibres occur in the median eminence of the
toad.

It is of little use to speculate on the possible biclogical significance of the
tentative categories, since our material is limited and since our categories are
based on relatively small peaks in the frequency distribution of the mean sizes of
the GV in individual profiles. Besides, the available data do not permit to charac-
terize the categories in terms of neurchormone andjor neurotransmitter storage.
The reasons for this are the following: 1. the sizes of the GV may change along the
preterminal and terminal parts of the nerve fibre (see below), 2. according to
several studies varicosities and terminals of aminergic neurcnes are, after aldehyde-
osmium tetroxide fixation, characterized by agranular vesicles of about 50 nm
and GV of 80-120nm (Hokfelt, 1967, 1968; Rinne et al., 1967; Pellegrine de
Traldi and Jaim-Etcheverry, 1967; Aghajanian and Bloom, 1967; Doerr-Schott
and Follenius, 1970; Hokfelt and Fuxe, 1972) or smaller (Rinne, 1970; Nakai and
Shinkawa, 1971). This size range includes the sizes of the GV in three of our
tentative categories, 3. differential and gradient centrifugation of stalk-median
erninence tissue indicates that releasing factors and biogenic amines are contained
in vesicular material, but a correlation between size and content of vesicles remains
uncertain (Kobayashi and Ishii, 1968; Kobayashi ef al., 1970, Mulder ef al., 1970;
Clementi et al., 1971), 4. the effects of ovariectomy (Kobayashi et al., 1967, 1968;
Kobayashi and Matsui, 1969) as well as of adrenalectomy (Akmayef et al., 1967 ;
Rinne, 1970, 1972; Wittkowski and Bock, 1972) on the frequency distribution of
sizes of 3V in the median eminence are not conclusive for a correlation of size and
content of GV.
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I't has to be stated that also for the median eminence of the rat the functional
significance of types of nerve fibres is still open to discussion. In this context one
should bear in mind that if all neurohormones and neurotransmitters, hypothesized
to be present in the median eminence, are synthesized by different types of
neurones (which is by no means established—Clementi ef al., 1971; Rodrigues,
1972), it would be necessary to differentiate among as many as 16 types of fibres
and their terminals. One or more of them may exclusively contain agranular
vesicles, while nerve profiles containing GV of comparable sizes do not, necessarily,
share other ultrastructural characteristics. Begides, neurones with the same ultra-
structural characteristics do not necessarily synthesize the same biologically
active substance(s).

The Zona granulosa

The external zone of the median eminence comprises, in addition to the
palisade zone, the zona granulosa. Some authors, however, do not mention this
zone (see Kobayashi ef af., 1970). Both in the rat {this article) and in several
other mammalian species (Hanstrom, 1952; Hagen, 1985; Martinez, 1960;
Wittkowski, 1967) the zona gr. is, in contrast to the palisade zone, not charac-
terized by dorso-ventrally oriented processes.

Functional Significance. Practically all nerve profiles observed in the zona gr.
will belong to nerve fibres which either deliver neurohormones to the fenestrated
portal capillaries or release neurotransmitters to act on the surrounding elements.
The following cbservations are in favour of this view:

i. the large nerve swellings, which contain large mumbers of GV and/or agranu-
lar wvesicles. The agranular vesicles are generally viewed upon as indicative of
releage phenomena (De Rohertis, 1964; Streefkerk, 1967 ; Wendelaar Bonga, 1970;
Douglas et al., 1971 ; Stoeckart ef al., 1972),

2. the occurrence of exocytotic profiles,

3. the peculiar arrangement of an extensive perivascular space. The arrange-
ment is comparable to that in other endocrine organs and is supposed to facilitate
release (Palay, 1957; Barer and Lederis, 1966 ; Wittkowski, 1967; Rodriguez, 1969)
In the palisade zone of the rat, only the areas immmediately adjacent to the portal
capillaries show a comparable arrangement.

In view of the close anatomical relationship between the zona gr. and the pars
tuberalis and in view of the presence of terminals on pars tuberalis cells (Unsicker,
1971; Cameron and Foster, 1972), it can not be ruled out that some nerve profiles
in. the zona gr. belong to fibres proceeding to the pars tuberalis (Metuzal, 1959,
contrast Szentagothai ef al., 1972). As the number of axons (defined as nerve
profiles without agranular vesicles andjor GV) in the zona gr. is very small, at
most a very small number of nerve fibres will proceed from the zona gr. to the pars
tuberalis.

In conclusion, assuming that releasing factors, inhibiting factors andjor
biogenic amines are at least partly stored in GV, the zona gr. is in all probability
an area for both storage and release of biologically active substances (compare
Hagen, 1955-p. 28).

Sizes of GV. The reported diminution in size of GV from dorsal to ventral in
the palisade zone [Stoeckart ef al., 1973) does not hold for the zona gr., situated
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most ventrally, This observation might be explained by the oceurrence of specific
fibres characterized by relatively small GV and projecting mainly to the capillaries
bordering upon the palisade zone {Stoeckart efal., 1973). The zona gr., then,
fuifills the requirements for a termination of fibres with relatively large GV. How-
ever, preliminary quantitative data indicate that GV of different sizes are not
homogeneously distributed in the zona gr.: the sizes of the GV in nerve profiles,
observed to be in contact with the outer basement membrane, seem generally to be
smaller than those in other nerve profiles. As a consequence, a dirninution in size
of GV in those parts of the nerve fibre, which are in contact with the basement
membrane might be a second explanation for the decrease in size of GV from
dorsal to ventral in the palisade zone. It can, however, not be excluded that specific
fibres, characterized by relatively small GV, contact preferentially the outer
basement membrane. In that case, they may represent neurochormone containing
fibres, whereas fibres containing larger GV (may be containing neurotrans-
mitters) do not preferentially contact the basement membrane. On the basis of
data obtained in the palisade zone Monroe et al. {1972} assumed a diminution in
gize of GV to oceur in the distal part of the axon. Rodriguez {1969), in contrast,
reported on an increase in size of GV in terminals of the toad median eminence.
For full clarification of this matter serial sections will be necessary.
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INTRODUCTION

The concept, put forward by Douglas and co-workers (1971), that posterior pituitary
hormones and their carrier-proteins are released by exocytosis, is gaining support
(Dreifuss er al., 1972; Santolaya et al., 1972; Matthews er al., 1973). Ultrastructural
evidence has been presented that the content of the granular vesicles in nerve terminals
of the median eminence can also be released by exocytosis (Stoeckart et al., 1972). It
has been hypothesized that these granular vesicles contain releasing factors, inhibiting
factors and/or neurotransmitters (Kobayashi et al, 1970). As a consequence of
release by exocytosis, during which the membranes of the granular vesicles fuse
with the nerve membranes, membrane material has to be disposed of. According to
Nagasawa et al. (1971), recapture of excess membrane occurs by micro-pinocytosis
in the posterior pituitary. This phenomenon may result in coated vesicles which are
supposed to transform into agranular “synaptic” vesicles (Nagasawa et al., 1971).
In this study, horseradish peroxidase (HRP), a marker substance capable of demon-
strating micro-pinocytosis in a variety of cells, has been used to establish whether the
agranular vesicles in the nerve terminals of the median eminence may arise by micro-
pinocytosis. As the median eminence is located outside the blood-brain-barrier, HRP
has been injected intravenously.

METHODS

Ten adult male rats (R-Amsterdam strain), anesthetized with Avertin, were given
injections of either 50 mg HRP (Calbiochem B grade) in 0.5 ml Locke or 100 mg HRP
in 1.0 ml Locke by way of the tail vein. In addition, 5 male rats castrated about 20 h
before were used. In control experiments HRP was omitted. Intravascolar perfusion
fixation was performed 5-60 min after the administration of HRP or of the solvent,
using a mixture of 1% formaldehyde and 2% glutaraldehyde in 0.1 M cacodylate
buffer (pH 7.4), to which 2% polyvinylpyrrolidone was added. The tissue of the
median eminence was processed for demonstration of HRP (Graham and Karnovsky,
1966) before post-fixation with osmium tetroxide. Part of the material was impregnated

References p. I14-115



112 R. STOECKART et af.

with uranyl acetate (examples in Fig. 2). The ultra-thin sections were stained with lead
citrate.

OBSERVATIONS

Within 5 min after the intravenous administration of HRP, electron-dense reaction
product indicative of HRP could be observed in the perivascular space (Fig. I, at the
right). Small amounts of the reaction product occurred in the intercellular spaces
around the plasma membranes. A small part of the neuronal vesicles measuring 3065
nm in diameter also appeared to be filled with electron-dense reaction product. The
proportion of small vesicles characterized by the reaction product was not markedly
increased if fixation occurred either 10, 20 or 60 min after administration of HRP.
In the control experiments none of the small vesicles contained reaction product. In
many of the nerve profiles, characterized by the small “labeled” vesicles, granular
vesicles of different diameters (70-130 nm) also occurred, but these granular vesicles
rarely contained reaction product. Preliminary results suggest that in the castrated rats

the incorporation of HRP into small vesicles of some nerve terminals is increased
(Fig. 2}.

Fig. 1. Perfusion fixation 5 min after intravenous injection of 30 mg horseradish peroxidase (HRP).

Nerve profiles in the external zone of the median eminence are characterized by granular vesicles

(GV) of low electron-density and small agranular vesicles (AV). Some small vesicles (%) contain an

electron-dense reaction product indicative of HRP. Whether the electron-dense material in the

cisternae of the endoplasmic reticulum of non-nervous processes (P) represents HRP is uncertain.

¥ 40,000. Inset: immersion fixation; coated vesicle (%) filled by HRP, close to the nerve membrane.
x 70,000.



Fig. 2. Perfusion fixation 10 min after intravenous injection of 100 mg HRP; male rat, 1 day post

castration. a: some vesicles of 45-55 nm contain a reaction product indicative of HRP; granular

vesicles (GV) are of very low electron-density, Note micro-pinocytosis-like image (MP), containing

HRP. x 75,000. b: small vesicles marked by HRP, inaddition to similar but unmarked small agranular
vesicles and large granular vesicles (GV). x 95,000,

References p. 114-115
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DISCUSSION

The results of the present study demonstrate that at least part of the agranular
“synaptic”’ vesicles of the median eminence arises by micro-pinocytosis. The pre-
liminary results on incorporation of HRP in castrated rats, i.e. under conditions of
increased release of releasing factors, suggest that a marker substance like HRP may
be used to identify functional types of nerve terminals.

Although these observations do not rule out other release mechanisms, they are
compatible with the exocytotic release mechanism proposed by Douglas and co-
workers (1971). Moreover, evidence has been presented that the content of neuronal
granular vesicles of the median eminence can be released by exocytosis (Stoeckart
et al., 1972). The proportion of granular vesicles observed in the process of exocytosis
is small (less than [ %). However, we calculated that at least a million granular vesicles
are involved in the process of exocytosis at the moment of fixation. These granular
vesicles represent the most conspicuous organelles of the preterminal and terminal
nerve profiles of the median eminence which is generally accepted to be the final
common pathway of the hypothalamic component of the hypothalamo-hypophyseal
system. Direct evidence for the nature of the materials stored in the granular vesicles
is lacking. However, studies on differential and gradient centrifugation suggest that
median eminence fractions with high activity of releasing factors and biogenic amines
are electron microscopically characterized by small agranular and larger granular
vesicles, sometimes still contained in synaptosomes (Clementi ef a/., 1970; Ishii, 1970;
Kobayashi et al., 1970; Mulder et al., 1970).

SUMMARY

Incorporation of intravenously administered horseradish peroxidase into small
neuronal vesicles of the rat median eminence demonstrates that at least part of these
small “synaptic” vesicles of the median eminence arises by micro-pinocytosis.
Preliminary studies under conditions of increased release of releasing factors suggest
that horseradish peroxidase may be used to identify functionally different types of
nerve terminals. The observations are compatible with an exocytotic release mecha-
nism for neuronal granular vesicles.
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DISCUSSION

Monrok: First of all, I would like to say that your pictures on peroxidase uptake are very convincing,
However, there have been so many people lately showing that a variety of cells will take up peroxidase,
that I wonder what vour reasons are for feeling that this is quite specific for exocytosis instead of a
rather general tendency of cells to take up peroxidase, just because it is there,

STOECKART: What I meant to say is that if exocytosis occurs, uptake of peroxidase has to occur. I
certainly did not want to say that the uptake of peroxidase is proof of exocytosis. In fact, other release
mechanisms cannot be ruled cut as yet. However, even if micro-pinocytosis is not the consequence of
release by exocytosis, it nevertheless reflects the stage of activity of the terminal.

GuieLemin: I personally know of no evidence whatsoever to prove that the releasing factors are
really produced in neurons and not e.g. in tanycytes. I would like to know if the speaker or anybody in
this audience is able to give me such evidence!

STOECKART: Although I am not aware of any final evidence, indirect evidence is derived from density
gradient centrifugation experiments.

PiLoriM: There is some ¢vidence in analogy to the classical hypothalamo-neurchypophyseal system.
There is very good evidence for this system that the nenrophysins and the posterior lobe hormones
are localized in these granules. So I think it is fair that we assume in the first place that other peptides
like releasing factors are synthesized in nerve cells and are present in such granules,

GuiLLeMIN: I would like to say in public a few things, particularly for the young people. Because they
are the ones who are once going to give us the answer to these important questions. These density
gradient experiments are fine as far as the density gradients are concerned. However, I want to say
that no chemistry, no simple technique of centrifugation, of separation of subcellular organs, or
centrifugation of fractions of the extract of a tissue, are any better than the bio-assay that you finally
use to prove your biclogical activity. Therefore, if the assay that is used is questionable, the conclusion
as to the biochemical substrate is just as questionable,
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Summary. Nerve profiles in the basal part of the palisade zone of rat median eminence have
been divided into 4 categories on the basis of their vesicular content: profiles @ with agranular
vesicles of about 50 nm, b with similar agranular vesicles and also with granular vesicles
of mainly 70-140 nm, ¢ with granular vesicles alone and 4 without vesicles. After intra-
venous injection of exogenous peroxidase, castrated male rats showed, In comparison to
sham-operated controls, a 3-5 fold increase in the percentage of nerve profiles of category a
which contained peroxidase loaded vesicles of about 50 nm. In contrast, no significant change
wag observed for nerve profiles of other categories. It is concluded that exogenous peroxidase
may be used to demonstrate changes in the activity of tubercinfundibular nerve terminals
at the ultragtructural level.

Key words: Median eminence — Agranular and granular vesicles — Horseradish peroxi-
dase — Micro-pinocytosis — Ultrastructure.

Involvement of the medial basal hypothalamus in the regulation of gonado-
tropin release is well established (Harris, 1955; Haldsz and Gorski, 1967 ; McCann
and Porter, 196%; Szentagothai et al., 1972; Barry e ol., 1973). This involvement
requires that changes in secretion of gonadotropin releasing hormone {LRF) are
accompanied by changes in activity of certain neuronal and/or non-neuronal cells
in this area, as has indeed been demonstrated at the licht microscopical level for
dopaminergic neurones {Hokfelt and Fuxe, 1972).

At the ultrastructural level it has been demonstrated that, as a consequence of
micro-pinocytosis, ‘synaptic’’ vesicles in the tuberoinfundibular nerve terminals
of the median eminence can be loaded by exogenous peroxidase (Stoeckart ef al.,
1974). On the basis of the marked uptake of peroxidase by stimulated nerve termi-
nals of the peripheral nervous system (Holtzmann efal., 1971 ; Ceccarelli ef al., 1972)
and of the posterior pituitary gland (Nagasawa ef ol , 1971), it might be expected
that an increase in activity of tuberoinfundibular nerve terminals is reflected in
an increased uptake of peroxidase. As data on ultrastructure and histophysiology
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of the hypothetical LRF containing tubercinfundibalar nerve terminals are lacking,
it seemed of interest to study the incorporation of exogenous peroxidase by nerve
terminals of the median eminence under conditions of expected increase in release
of LRF. Since the concentration of LRF in the hypothalamo-hypophysial portal
vessels is increased following withdrawal of gonadal steroids (Ben-Jonathan ef al.,
1973}, castrated and sham-castrated rats were compared.

Methods

Adult male rats (R-Amsterdam, a Wistar substrain} were used. The animals were kept in
& controlied temperature (22-25°C) and under controlled light conditions (14 hr light, 10 hr
darkness). They had free aceess to food and water. Two parallel experiments were carried out.
In each experiment, 5 rats were castrated and 5 were sham castrated under ether anaesthesia
between 9 a.m. and 1.30 p.m. In Experiment 1, the mean weight { - SEM) of the castrated rats
was 305.8+7.2 g and that of the sham.castrated rats 312.84-6.9 g. In Experiment 2, the mean
weights were 280.0 4 14.5 and 270.84-9.7 g, respectively.

Twenty-four hr after (sham)castration the rats were anaesthetized with Avertin (tri-
bromoethanol plus amylene hydrate); 4 min later 100 mg horseradish peroxidase (HRP,
Sigma E; molecular weight ca. 40000) in f ml Locke solution was injected into a tail vein.
The animals were killed by perfusion with fixative 20 min after administration of HRP. This
time period was chosen, since according to a pilot study of nerve profiles in direct contact with
the outer basement membrane, the propertion of nerve profiles with HRFP loaded vesicles was
higher after this period than after 1, & or 60 min. The perfusion procedure was performed as
follows. After opening the thoracic cavity a cannula was pushed via the left ventricle into the
ascending acrta where the cannuia was secured with a hemostat. An incision in the wall of
the right atrium provided the outlet for blood and fixative (1% paraformaldehyde, 2% glutar-
aldehyde and 2% polyvinyl pyrrolidon in 0.1 M cacodylate buffer, pH 7.4). The perfusion
lasted for 15 min during which about 120 ml of fixative was used.

In Experiment 2, I m! of blood was collected immediately after opening the right atrium.
Serum LH was estimated by double antibody radioimmunoassay {Welschen ef al., 1974).
For the sham-operated rats the mean value (+SEM) was 20£3.5 ng LH/ml {n =5). For the
cagtrated rats, from which only 3 samples were available, the mean value was 564+9.1 ng
LH/ml. .

After perfusion, hypothalamus and median eminence were removed from the cranial cavity
and dropped into the fixative, in which they remained for 3-7 hr. Sections of about 50 pm,
prepared by a tissue chopper, were incubated for 2 % 20 min in Tris-maleate buffer eontaining
3,3’-diaminobenzidine tetrahydrochloride and hydrogen peroxide (Graham and Karnovsky,
1966). The sections were post-fixed in buffered 2% osmium tetroxide, dehydrated in aceton
and embedded in Epon. Coronal sections (see Fig. 1a) were made .7-1.0 mm rostral to the
infundibular stem. Ultrathin sections of silver interference colour were contrasted with lead
citrate (Reynolds 1963). Unaware of the experimental group of rats from which the sections
were derived, the ventral 8.6 um of sub-zone A (see Fig. la, hatched area) was analyzed.
This sub-zone represents the basal part of the palisade zone {Stoeckart et ol., 1973).

For the analysis a Philips EM 300 was used at & magnification of 15000 % . The primary
image was viewed with a binoeular microscope (103}, An imaginary dorso-ventral line was
drawn at the junction of the lateral and ventral wall of the third ventricle (Fig. 1a). Between
this line and the mid-sagittal plane parallel lines were drawn at distances of 5.6 pm (Fig. ta
and b). Going from dorsal to ventral along these lines, nerve profiles (i.e. cross-sections of
axons, varicosities or terminals) were selected aceording to a principle depicted in Fig. 1e.
By this principle, 3 profiles along each line were selected from each of the subsequent “layers™
of profiles. By this procedure about 500 nerve profiles were included in the sample of each rat.

hrespective of the ccourrence of HRP leaded vesicles, the nerve profiles were divided into
4 categories on the basis of their vesicular content in the ultrathin sections: a. only agranular
vesicles (AV) of about 50 nm present, 5. both AV and granular vesicles (GV) of mainly 70—
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140 nm present, ¢. only GV present, d. no vesicles present. For the different categories, the
percentage of nerve profiles characterized by the occurrence of small HRP loaded vesicles
was determined, as well as the number of HRP loaded vesicles per profile. No distinction has
been made between coated vesicles with HRP and “smoocth” vesicles with HRP.

The Wilcoxon two-sample test was used for statistical analysis.

Results
Categories of Nerve Profiles Based on Their Vesicular Confent

About 50% of the nerve profiles were characterized by the occurrence of both
AV and GV {Table 1). Nerve profiles containing either AV or GV amounted each
to about 10%, while 25 % did not contain vesicles. After a 24 hr period of castration
no signiticant change occurred for any category, neither in Experiment 1 nor in
Experiment 2 (Table 1). Also between Experiment 1 and 2 there were no signi-
ficant differences.

Incorporation of Horseradish Peroxidase

I. General Observations. Twenty min after injection of HRP, peroxidase
activity was found in the extracellular space of the median eminence up to the
third ventricle. Part of the “synaptic” vesicles In certain tuberoinfundibular
nerve profiles were characterized by a markedly electron dense reaction product
{Fig. 2). For 50 of these HRP loaded vesicles, measured on 15 electron micrographs
and derived from 8 rats, the size range was 30-65 nm and the mean size 49 nm+-8.3
(SEM). The reaction product generally filled completely the area within the
vegicular membrane (Figs. 2, 3).

Nerve profiles with HRP loaded vesicles were most numerous in the direct
vieinity of the outer basement membrane. There were no apparent differences in
the distribution of these nerve profiles between lateral and medial parts of sub-
zone A,

Part of the nerve profiles of category @ and b contained membrane-bound struc-
tures of various size and shape with a generally peripheral deposit of reaction pro-
duct (see Ceccarelli et al., 1972; Heuser and Reese, 1973). In addition, some nerve
profiles (about (.1 % ) ocourred in which the cores of the GV were markedly electron
dense.

A small number of images consistent with exocytosis as a release mechanism was observed
{Fig. 3). In these cases, electron dense core material of former IV was located in the extra-
cellular space and a vesicular membrane was lacking.

II. Quantitative Observations. In sham-operated rats, only 0.4-0.5% of the
nerve profiles contained both HRP loaded vesicles and AV without GV (Table 2).
In both experiments castration did induce & significant (3-5 fold) increase in this
percentage. No significant change was observed for the percentage of nerve pro-
files with both HRP loaded vesicies and AV 4GV (Table 2). By definition, nerve
profiles of category ¢ and d did not contain HRT loaded vesicles.

For sham-operated rats, the percentage of the nerve profiles of category @ with
HRP loaded vesicles (Table 3) was about the same as that for the nerve profiles of
category b with HRP loaded vesicles. Exclusively the percentage of the nerve
profiles of category @ with HRP loaded vesicles was increased by castration.

1%
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Fig. 1a —c. Diagram of the procedure according to which nerve profiles were selected. (a) The
area of the median eminence studied; the hatched area represents sub-zone A, coronal seetion.
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Fig. 2. Nerve profile in direct contact with the outer basement membrane. Male rat, 24 hr

post-castration, administration of HRP 20 min before fixation. Reaction product can be

observed in 5 small vesicles. The other small AV and the larger GV do not contain reaction

product. Posgibly reaction product occurs also in the large lipid-like inclusion in the non-

nervous process P. x 60000, AV agranular vesicles; !V granular vesicles; F fibroblast; M
mitochondria; P non-nervous process; P V8 perivascular space

Even for nerve profiles with HRP loaded vesicles, the mean number of HRP loaded vesic-
les per profile was small: 1.6 =0.07 and 1.6 +0.20 in the sham operated animals of Experiment 1
and 2. No change was observed after castration (1.7 +0.19 in Experiment 1 and 1.4 10.11 in
Experiment 2). A change was alse not observed if profiles of category @ and b were considered
separately (Table 4).

% 160. (b} Detail of {a), representing the dorse-ventral lines in sub.zone A, along which nerve

profiles were selected. = 2000. {¢) Detail of (b). Nerve profiles were selected according to a

“hit-system”, an example of which is shown by the interrupted line. The procedure was

followed irrespective of the kind of profite hit (nervous or non-nervous). Non-nervous processes

were, however, not subject of this study. x 35000. III third ventricle; AV agranular vesicles;

GV granular vesicles; L lumen of portal capillary; P non-nervous process; P V8 perivascular
space
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Fig. 3. Nerve profiles in sub-zone A, not in direct contact with the outer basement membrane.
Male rat, 24 hr post-castration, 20 min HRP. AV are, with one exception { *), not characterized
by reaction product, Three GV seem to be in the final process of exocytosis: the cores of the
former GV are devoid of their vesicular membrane and are located in an extengion of the extra-
cellular space (K. The sizes of the cores are about 100 nm, which indicates that the former GV
were about 110-130 nm. Probably, the electron density of the cores represents peroxidase
activity, acquired after expulsion into the HRP containing extracellularspace. Traces of peroxid-
ase activity also adhere locally to plasma membranes. x90000. 4V agranular vesicles; & ex-
tension of extracellular space; * peroxidase loaded vesicle

Table 1. Percentages of different categories of nerve profiles

Experiment 1 Experiment 2
Category sham operated castrated sham operated castrated
a (AV) 10.08 4 1.03v {0.6£1.11 11.841.00 11.54£0.99
bAVHGV) 54.6 +1.68 50.84£1.41 54.1-1.50 56.9.00.91
e {GV) 11.3 41.79 11.512.27 $.240.72 8.941.13
(- 241 12.44 27.14+2.17 24.941.85 22.740.56
Number of profiles 2131 2101 2788 2891

@ Mean of 5 rats.
b SEM; Differences not significant.

Diseussion

The present study demonstrates that, by use of exogenous peroxidase, changes
can be detected in certain tuberoinfundibular nerve terminals and varicosities
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Table 2. Percentages of nerve profiles with both HRP loaded vesicles and either AV or

AV GV
Categary Experiment 1 Experiment 2
sham operated castrated sham operated castrated
a (AV) 0.42 40,147 210 £0.25 0.54+0.18 1.540.18
LAV - GV) 2.5 4021 3.7 £0.52 334037 3.4 +0.50

a Mean of 5 rats.
» SEM
e p = 0.02; Other differences not significant.

Table 3. Percentages of the nerve profiles of category o and category b with HRP loaded

vesicles
Category Experiment 1 Experiment 2
sham operated castrated sham operated castrated
a (AY) 3.784-1.090 19.2¢4-0.78 4.1+1.84 12.9¢.41.00
BIAV+ GV 4.6 +0.38 7.3 +£0.99 6.04-0.58 6.1 +0.85

2 Mean of 5 rats.
»SEM
¢ p = 0.02; Other differences not significant.

Table 4. Mean number of HRP loaded vesicles in the nerve profiles of category @ and b with
HRP loaded vesicles

Category Experiment 1 Experiment 2

sham operated castrated sham operated castrated
& (AV) 11240130 1.44-0.16 1.3 4£0.14 1.3£0.08
b{AVH4 GV 1.7 40.09 1.740.20 1.64+0.20 1.50.14

a Mean of 5 rats.
b SEM; Differences not significant.

following castration. Previously described changes in the ultrastructure of these
terminals (Kobayashi and Ishii, 1969; Kobayashi and Matsui, 196%; Kobayashi
et ¢l., 1967, 1969, 1970) lacked a quantitative base, with the exception of a study
by Zambrano and De Roberfis (1968). For perivascular nerve profiles, they found
an overall increase in the number of neuronal GV, 1 month after castration.

The precise location of the cell bodies from which the described nerve terminals
derive ig unknown, but following castration changes have been described in the
ultrastructure of cell bodies in the arcuate nucleus (Zambrano and De Robertis,
1968; Brawer, 1971).
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Interpretation. Results of combined electrophysiological and morphological
studies (Holtzmann et ¢l., 1971; Ceccarelli ef al., 1972, 1973; Heuser and Reese,
1973) suggest that an increase in the activity of nerve terminals will be reflected
in increased uptake of HRP which may result in increased numbers of HRP foaded
vesicles. It has to be stated, however, that under the conditions of the present
experiment, fate nor lifetime of the HRP loaded vesicles is known. Notwith-
standing the unknown lifetime, we are tempted to interpret the increase in the
percentage of nerve profiles with HHRP loaded vesicles after castration as a result
of increased uptake of HRP by those terminals which became stimulated due to
castration. The question, then, remains, which physiological type(s) of neurones
is (are) involved.

Two main possibilities will be discussed: A. An increase in activity of LRF
containing nerve terminals may certainly be expected: 1. according to Davidson
(1969) an inhibitory feedback of testosteron is exerted directly on the hypothala-
mus, 2. according to Barry ef af. (1973) the synthesis of LRF is, at least in guinea
pig, increased following castration, 3. for female rats the LRF concentration in
hypophysial portal blood has been demonstrated to increase after (longterm)
ovariectomy (Ben-Jonathan ef af., 1973) and 4. in our experiment serum LH was
increased after castration, while in another experiment, where HRP was omitted,
both LH and FSH levels were significantly elevated 24 hr after castration (see also
Gay and Midgley, 1969, Swerdloff ef al., 1970, Yamamoto et al., 1970; Tapper
et al., 1972). Therefore, since increase in incorporation of HRP was restricted to
profiles with AV, it might be supposed that LRF is stored in terminals (and
varicosities) which contain especially AV. However, if one assumes that LRF is at
least partly stored in GV (Kobayashi and Ishii, 1969; Clattenburg et al., 1973)
and that its release may occur by means of exocytosis (Stoeckart et al., 1972,
contrast Clattenburg ef al., 1973), followed by micro-pinocytosts (Stoeckart et al.,
1974), the increased proportion of AV-profiles with HRP loaded vesicles may,
more probably, be caused by depletion of GV which contained LRF on one hand
and by ereased micro-pinocytosis on the other. This would result in nerve profiles
depleted of GV and recognized as AV-profiles with HRP loaded vesicles. As
following castration the increase in percentage of AV-profiles with HRP loaded
vesicles is restricted to less than 2% of the total number of profiles studied (Table 2),
such a change cannot be expected to be detected in the percentages of nerve pro-
files of different categories (Tahle 1).

In this view, the increased proportion of HRP “labeled” AV.profiles is at least
partly caused by a causally related occurrence of exocytosis and micro-pinocytosis
{see Douglas, 1973).

B. Apart from an expected influence of castration on the activity of the hypo-
thetical LRF containing terminals, the effects of castration may be more wide-
spread (Mognuilevsky, 1971 Ter Haar and MeKinnon, 1972). They may involve,
in addition to non-neuronal elements (Kobayashi and Matsui, 1969; Oksche ef af.,
1972), neuronal systerns different from the hypothetized LRF containing system—
assuming that different biologically active substances are synthetized by and
stored in separate neurones. The increase in incorporation of HRP may e.g.
concern stimulated dopaminergic terminals (Schneider and MaeCann, 1970; Kordon
and Glowinski, 1972 Kamberi, 1973; contrast Fuxe ef al., 1969; Fuxe and Hok-
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felt, 1969; Kobayashi and Matsui, 1969, Cramer and Porter, 1973; Miyachi et ol.,
1973: Quijada et ol., 1973/74) or noradrenergic terminals (Donoso et al., 1969;
Rubinstein and Sawyer, 1970; Anton-Tay and Wurtmann, 1971; Coppola, 1971;
Ojeda and McCann, 1973; contrast Kobayashi and Matsui, 1969; Cramer and
Porter, 1973; Quijada et al., 1973/74). Dopaminergic terminals in particular are
numerous in the perivascular part of the median eminence (Hokfelt, 1967; Ajika
and Hokfelt, 1973) and AV of about 50 nm are the main organelles after aldehyde/
osmium tetroxide fixation, generally in addition to a limited number of larger GV.

In this view, micro-pinocytosis is regarded as a general phenomenon of nerve
terminals (see Ceccarelli ef al., 1972; Heuser and Reese, 1973 ; Turner and Harris,
1973), although it may also be caused by an exocytotic release mechanism.

The following general conclusions have been drawn.

1. Exogenons peroxidase may be used to demonstrate at the ultrastructural
level changes in the activity of tuberoinfundibular nerve terminals.

2. The castration induced increase in the percentage of stimulated tuberoin-
fundibular nerve terminals {and varicosities) may concern LRF containing neu-
rones; other neurones, e.g. catecholaminergic ones, cannot, however, be excluded.

3. The observations support the hypothesis of a functional relationship between
the activity of certain tuberoinfundibular nerve terminals and the level of gonado-
tropin release.
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Summary. In the median eminence of male rats, nerve profiles in the ivamediate vicinity
of portal capillaries have been divided into 4 categories on the basis of their vesicular content:
profiles @ with agranular “synaptic’” vesicles of about 50 nm, b with similar agranular vesicles
and also with granular vesicles of mainly 60-140 nm, ¢ with granular vesicles alone and d
without vesicles.

Twenty-four hours after castration, the percentage of profiles of category & was signifi-
cantly increased when compared with sham-operated animals, whereas the percentage of
profiles of category b was significantly decreased. Affer intravenous injection of exogenous
peroxidase, especially the nerve profiles located in direct contact with the outer basement
membrane of the portal capillaries contained peroxidase positive “synaptic” vesleles. Injection
of peroxidase after castration resulted in a significant increase in the percentage of nerve
profiles containing both peroxidase positive and peroxidase negative “synaptic” vesicles
(category ¢). Tt is suggested that, in certain nerve ferminals, castration may lead to release
of the content of granular vesicles, which may confain gonadotropin releasing factor. This
release then may causge that nerve terminals with both agranular vesicles and granular vesicles
{category b} change in their vesicular content and are therefore classified as ferminals with
only agranular vesicles (category «). An increased twrnover rate in the ultrastructurally
affected terminals may be reflected in increased uptake of exogenous peroxidase. The ob-
servations imply that certain neurones projecting to portal capillaries in the median eminence
are, directly or indirectly, sensitive to changes in the level of gonadal steroids.

Key words: Median eminence — Agranular and granular vesicles — Horseradish per-
oxidase — Castration — Ultrastructure,

Releasing factors are generally assumed to be stored in granular vesicles
{GV) located in preterminal and terminal parts of certain tuberoinfundibular
neurones {McCann and Porter, 1969; Kobayashi ef al., 1970, 1972; Scott ef al.,
1972; Clattenburg, 1974). For luteinizing hormone-releasing hormone this as-
sumption has been substantiated by Pelletier ef al. (1974) who observed, using
an immunohistochemical technique at the ultrastructural level, that this hormone
iz contained in secretory granules of some nerve endings in the palisade zone of
the median eminence.
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Fig, 1. Diagram of the perivascular part of the palisade zone of the median eminence, showing

profiles in direct econtact with the outer basement membrane (first “layer’} and profiles in

the adjacent (second) “layer”. The borderline between first and gecond “layer” is indicated

by heavy interrupted line. Profiles in the second *‘Jayer” are characterized by an*. Vesicles

containing horseradish peroxidase are not shown. a nerve profile with AV only; b nerve

profile with AV -+ GV; BM outer hasement membrane; L lumen of portal capillary; P
non-neuronal process

Following castration and injection of exogenous peroxidase (Stoeckart ef al.,
1974 b), the basal part of the median eminence showed, in comparison with sham-
operated rats, an increase in the percentage of nerve profiles containing hoth
peroxidase positive “synaptic’ vesicles and agravular vesicles (AV), without GV,
The increase was, however, very small and was not accompanied by a decrease
in percentage of profiles containing GV. Therefore, it could not be decided whether
this increase in percentage of peroxidase “labeled” AV-profiles was due to a
castration induced depletion of GV from nerve terminals which contained either
AV and GV or GV alone under non-stimulated conditions. However, changes
induced by castration in the uitrastructure of the terminal system of the tuberoin-
fundibular neurones might be most pronounced in the direct vieinity of portal
capillaries. Therefore, the pertwvascular nerve terminals have been analyzed in
the present study.

Methods

The ultrathin sections of the rat brains which have been studied previously (Stoeckart
et al., 1974b; Experiment 2) were reexamined in greater detail. These brains were derived
from 10 male rats which had been sham operated or castrated 24 hours before fixation. The
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Table 1. Percentages of different categories of nerve profiles

Category First “Layer”’ Second “*Layer”

sham operated castrated sham operated castrated
a (AV) 282242950 5f.104-1.09 1764274 37.7¢ 1 1.37
b (AV+GV) 71.3 +3.02 48.0¢4-1.56 75.6 - 1.43 5340+ 4.17
¢ {GV) 0.52 4-0.33 0.66 4-0.66 524 2.80 59 240
d {(—} 0.26 10.26 154111 3.0 1298
Number of profiles 640 700 700 750

2 Mean of 5 rats.

b SEM.

¢ P<0.02; Other differences between sham-operated rats and castrated rats are not
significant.

rats were killed by perfusion 20 min after intravenous injection of horseradish peroxidase
(HRP). This enzyme can be incorporated by micre-pinocytosis into tuberoinfundibular
nerve terminals, which results in nerve profiles containing peroxidase positive “synaptic’”
vesicles (Stoeckart ef al., 1974a).

In the same area which was studied previously, 7.e. the basal part of the palisade zone of
the median eminence, a further analysis was carried out on each nerve profile which was in
direct contact with the outer bagement membrane of portal capillaries (Fig. 1, first “layer”).
In addition, each nerve profile was analyzed which was directly bordering the profiles of the
first “layer”, with the exeeption of those profiles located further than 2 pm from the outer
basement membrane. The “layer’” of profiles adjacent to the first “layer™ will be designated
as second “layer” (Fig. 1). With this method about 140 nerve profiles per “layer” were
analyzed in each rat,

Results
I. Categories of Nerve Profiles Based on Their Vesicular Content (Tuble 1)

1. In the first “layer” of the sham-operated rats, 28.2% of the nerve profiles
contained AV only (category @) and 71.3% contained both AV and GV {category b).
Thus, 99.5% of the profiles contained AV.

Following castration, the percentage of all nerve profiles containing AV
remained the same (99.1%), but the percentage of profiles of category ¢ signifi-
cantly increased (from 28.2 to 51.1%) while at the same time that of nerve
profiles of category b significantly decreased (from 71.3 to 48.0%). There was
no difference in the percentages of profiles of category ¢ (GV only) and d (no
vesicles), which categories constituted less than 1% of the profiles in the first
“layer”.

2. In the second “layer” of the shum-operated animals, 17.6% of the profiles
contained AV and 75.6% contained both AV and GV. Thus, 93.2% contained AV,

Following castration, the percentage of profiles containing AV remained the
same (91.1%). Castration induced, however, also in this “layer” a significant
increase in percentage of nerve profiles of category o (from 17.6 to 37.7%) and
a decrease in that of profiles of category b (from 75.6 to 53.4%). No significant
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FIRST  "LAYER™ SECOND  "LAYER"

HRP " LABELED" PROFILES

+
. b —}4
g B * *
. # il
Es0l —— 1
t ¥
M -

GONTR. CASTR. CONTR. CASTR. CONTR. CASTR. CONTR. CASTR.

category ¢ category b category @ category &

Fig. 2. Percentages of the nerve profiles of category « and category & in the first and second

“layer”, 24 hours after castration or sham operation, and the percentages of the nerve profiles

(71 containing both HRP positive vesicles and either AV (category a) or AV 4 GV {category

b). Bignificant differences between sham-operated and castrated rats are marked by an *.
For details, see Table 1 and 2

change was observed for category ¢ and o, which categories constituted together
about 8% of the nerve profiles in the second “layer”.

II. Ineorporation of Horseradish Perovidase

A (Table 2, Fig. 2). 1. In the first “layer’” of the sham-operated rats, 6.4% of
the total number of analyzed nerve profiles contained both peroxidase positive
“synaptic” vesicles and AV {category a). Castration significantly increased this
percentage (to 16.1%).

In the sham-operated rats 21.3% of the profiles contained both peroxidase
positive vesicles and AV 4+ GV (category b). No change was ohserved after
castration.

2. In the second “layer”, 1.9% of the nerve profiles in the controls contained
both peroxidase positive vesiclez and AV (category a). Castration significantly
increased also this percentage {to 6.8%).

In the sham-operated rats, 10.1% of the profiles contained both peroxidase
positive vesicles and AV + GV (category b). After castration this percentage
remained unchanged.

3. In the sham-operated as well as in the castrated rats, the percentages of
the nerve profiles which contained both peroxidase positive vesicles and either
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Table 2. Percentages of nerve profiles with both HRP positive vesicles and either AV or

AV -GV
(n of profiles with HRP positive vesicles and AV, or AV 4 GV < 100
total n of profiles
Category First “Layer” Second ““ Layer™
gsham operated castrated sham operated castrated
a {AV) 642407782 16.1c2.05 1.9+ 0.66 6.8¢4-0.83
b (AV 4+ GV} 21.3 4296 1856 4-2.08 10.1 4-2.40 1014 +-0.84

& Mean of 5 rats.

b SEM.

¢ P<20.02; Other differences between sham-operated rats and castrated rats are mnot
significant.

Tabkle 3. Percentages of the nerve profiles with AV that contain HRP positive vesicles and of
the profiles with AV 4 GV that contain HRP positive vesicles

n of profiles with HRP positive vesicles and AV « 100
' n of profiles with AV )
and
n of profiles with HRP positive vesicles and AV + GV 100 )
n of profiles with AV - GV '

Category First “ Layer” SBecond “Layer”

sham operated castrated sham operated castrated
a (AV) 24024376 31.7-3.87 12,0 - 4.29 18.3 4-2.68
b (AV 4 GV) 30.5 - 4.88 38.8 1-4.81 13.5 342 19.24-1.86

3 Mean of 5 rats.
b SEM.
Differences between sham-operated rats and castrated rats are not significant.

AV or AV 4+ GV were in the first “layer” significantly greater (P <0.02) than
the corresponding percentages in the second “layer’.

B (Table 3). The percentages of the profiles of eategory e and b which con-
tained peroxidase positive vesicles were not significantly different from each
other, neither in the first “Jayer” (24.0% of ¢ versus 30.5% of b) nor in the second
(12.0% of a versus 13.56% of b). There was no significant difference in the per-
centages after castration.

Diseussion
The present study demonstrates that, 24 hours after castration (and 20 min

after injection of HRP), the percentage of nerve profiles containing both AV
and GV ig decreased in direct vieinity (mostly within 2 ure) of the outer basement
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membrane of the portal capillaries. In contrast, the percentage of nerve profiles
with AV alone is increased (Table 1). In a study in which injection of HRP was
omitted comparable changes were observed in the perivascular nerve profiles
{unpublished results). The described changes could not be detected in a previous
study (Stoeckart ef al., 1974b} dealing with a larger area of the palisade zone
{the basal 8.6 pm). This discrepancy indicates that changes in the vesicular
content of tuberoinfundibular varicosities and terminals are, 24 hours after
castration, most prominent in the direct vicinity of portal capillaries. So, apparent-
ly, the preterminal parts of tuberoinfundibular neurones represent ultrastruc-
turally a relatively static component as far as the occurrence of AV and GV is
concerned.

The above mentioned castration induced increase in percentage of profiles
with AV alone and the corresponding decrease in that of nerve profiles with
AV -}- GV may be a result of retraction of terminals with AV -} GV, away from
the portal capillaries, or/and extension of terminals with AV alone in the direction
of the capillaries. However, it seems more likely that, due to castration, GV
disappear from a huge number of terminals, which disappearance may be detected
only if formation of GV (or their transport to the terminal) stays, at least tem-
porarily, behind their release (or degradation). The disappearance of GV may
occur by exocytosis followed by micro-pinocytosis (Stoeckart et al., 1972, 1974 a;
Douglas, 1974) and/or by fragmentation (see e.g. Streefkerk, 1967; Dierickx
et al., 1973). Both mechanisms, probably, result in the formation of AV.

This explanation would imply that, depending on the functional state of the
terminal, a nerve profile may show up either as a profile with AV and GV or
as a profile with AV alone. Therefore, we do not favour the view (Kobayashi
and Matsui, 1969; Rodriguez, 1969; Nakai, 1971) that nerve profiles of the
median eminence which contain exclusively AV belong to one functional category
(¢.e. cholinergic). AV as well as GV represent in all probability functionally
heterogenous groups of vesicles. In this respect, it is necessary to emphasize
that the categorization used in the present study is a crude one, since it is ex-
clusively based on the presence or absence of AV and GV (for a further cate-
gorization of nerve profiles in the rat, see Rinne, 1966; Stoeckart ef al., 1973;
Wittkowski, 1973, and in amphibians Rodriguez, 1969; Belenky ef al., 1973 and
Dierickx, 1973).

If we agsume that the shift from terminals of category b to those of category
a results from release of GV and is accompanied or followed by increased micro-
pinocytotic activity, then consequently the increase in percentage of peroxidase
“labeled” AV-profiles (Table 2) may concern terminals which contained AV and
GV under non-stimulated conditions.

The castration indueed shift in percenfage of nerve profiles of category @ and » amounted
to about 23% (Table 1), whereas the increase in percentage of profiles which contained both
peroxidase positive vesicles and AV (category @) was, even in the first “layer”, only 9.7%
(Table 2, Fig. 2). If, for the sake of simplicity, we speculate that castration did not influence
the dynamics of the original population of terminals from which the profiles of category o
are derived, then the 9.7% increase represents exclusively part of the terminals thought to
be depleted of GV. In that case, the 9.7% increase represents 9.7/23 x100==42% of the
population of terminals depleted of GV.
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This reasoning suggests that by injecting HRP 20 min before fixation only part of the
population of terminals which changed uitrastructurally during the 24 hour period of castration
is “labeled” by IHRP. This may well be the consequence of the parameter used {the presence
of one or mere peroxidase positive vesicles per profile), as the number of peroxidase positive
vesicles per profile is very small (Stoeckart ef al., 1974 b). Therefore, it may be assumed that
both in castrated rats and in controls only a certain percentage of the active terminals is
characterized by the presence of one or more peroxidase positive vesicles per profile. In that
case, an increase in percentage of stimulated terminals is only partly reflected in an inerease
in percentage of HRP *labeled” profiles. Hence, serial sections would probably give a more
complete answer.

Another cause for the observed difference may be the different time periods upon which
the two parameters are based (the percentages of the categories are based upon a 24 hour
period and the percentages of HRE “labeled™ profiles upon the last 20 min of this period),
especially if there would be a phasic secretion of gonadotropin releasing factor (see Gay and
Sheth, 1972; Blake and Sawyer, 1974) under the conditions of the present experiment.

Thus, the 9.7% increase in HRP “labeled” AV.profiles probably represents an wnder-
estimation of the percentage of nerve terminals stimulated by castration. In this respect it
iz worth noting that according to Pelletier ef al. {1974) luteinizing hormone-releasing hormone
is present in about 10 to 20% of nerve endings in the median eminence.

That increased release of hormones may be associated with an increase in
numbers of AV has been frequently reported, especially for the posterior pituitary
gland {see e.gy. Lederis, 1974) but also for the median eminence (Harris and
Campbell, 1966; Kobayashi and Matsui, 1969; Péczely and Calas, 1970). These
reports concern, however, qualitative observations, with the exception of a
report by Santolaya efal. (1972). They showed a significant increase in the
ratio of AV: elementary granules in nerve endings of the posterior pituitary
gland from rats subjected to severe acute haemorrhage. That increased release
of neurotransmitters may be associated with increased incorporation of exogenous
peroxidase has been shown by the studies of Ceccarelli ef al. {1972) and Heuser
and Reese (1973). As far as incorporation of HRP by nerve terminals secreting
neurohormones iz concerned, Castel (1974) observed in a qualitative study a
change in the rate of uptake in the posterior pituitary gland of dehydrated mice.

Of the different physiological types of neurones to which the terminals,
ultrastructurally affected by castration, may belong, five will be mentioned:

A. It may be expected that at least part of the terminals belong to neurones
which synthetize and secrete releasing {and inhibiting) factors. The observation
that the shift from nerve profiles of category b to those of category a occurs
preferentially in direct vicinity of portal capillaries iz in harmony with this
expectation. After all, the most strategic place for terminals secreting releasing
factors will be close to the portal system draining towards the anterior pituitary
gland.

The possibility that these neurones synthetize and secrete gonadotropin
releasing factor is an obvious one:

1. following castration both synthesis (Moguilevsky et al., 1974) and release
(Iiskay et af., 1974) of gonadotropin releasing factor seems to be increased in
male rats,

2. gonadotropin releasing factor may be stored, at leagt under conditions of
non-stimulation, in GV of certain nerve terminals near the portal capillaries
(Clattenburg, 1974; Pelletier ef al., 1974); this does not exclude the possibility
that under conditions of stimulation gonadotropin releasing factor is transported
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and released in an extravesicular form; this neither excludes the possibility of
storage in non-neuronal elements of the median eminence (Zimmerman ef al., 1974},

3. according to the preliminary data of Pelletier ¢ af. {1474), the percentage
of Tuteinizing hormone-releaging hormone containing nerve profiles iz in the same
range as the percentage of the profiles which are, according to our study, affected
by castration. For further discussion, see Stoeckart ef al. (1974 b).

We are not aware of data which indicate that castration canses changes in
the secretion of other releasing and inhibiting factors, but this certainly can not
be excluded.

B. The possibility that the affected nerve terminals are dopaminergic ter-
minals certainly cannot be excluded (Kizer ef al., 1974; for further references,
see Stoeckart ef al., 1974b). However, the decrease of about 23% in nerve profiles
with AV and GV and the comparable increase in profiles with AV suggest
that large numbers of terminals, affected by castration, store their biologically
active substance in GV. Dopamine, in contrast, is by several authors {Hokfelt,
1967; Rinne, 1970; Ajika and Hokfelt, 1973; Cuello and Tversen, 1973) assumed
to be stored mainly in small, after our procedure agranular, vesicles (AV), al-
though GV eertainly may occur in catecholaminergic varicosities and terminals
(Pellegrino de Iraldi and Etcheverry, 1967: Ajika and Hokfelt, 1973). Moreover,
Ajika and Hékfelt (1973) reported that the percentage of catecholaminergic,
probably dopaminergic, terminals at the lateral side of the median eminence is
2-3 times higher than the percentage at the medial side. The changes, observed
in our study, were not specifically associated with the lateral side (unpublished
results). So, the possibility that the described changes concern especially dopa-
minergic terminals is not likely.

{l. The possibility that the terminals concern mainly noradrenergic terminals
{for references, see Stoeckart ef al., 1974b) is not likely as, according to Ajika
and Holkfelt (1973), only few noradrenergic terminals occur in the area studied.

D. Serotoninergic terminals are not a likely candidate, if the assumption is
correct that the observed changes reflect increased activity of the terminal.
According to many studies (Kamberi ef al., 1970, 1971; Schuoeider and MceCann,
1970; Kordon and Glowinski, 1972; Labhsetwar, 1972; Zolovick, 1973; Fuxe
et al., 1974 ; contrast Cramer and Porter, 1973}, increased release of LH and F'SH
is accompanied by a decreased activity of central serotoninergic neurones.

B. The possibility that the terminals concern cholinergic terminals cannot be
excluded since they probably are also involved in the control of gonadotropin
releage (Libertun and McCann, 1973). Whether they occur in the area studied
has, however, not been established.

Conclusions

1. Ultrastructural studies on the vesicular content of nerve profiles in the
basal part of the median eminence may be focussed on the area in direct vicinity
of portal capillaries, since that area shows, at least 24 hours after castration, a
marked change.

2, Twenty-four hours after castration, about 23% of the nerve profiles in
direct vicinity of portal capillaries may be transformed from profiles with AV
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and GV to profiles with AV alone. This could oceur if synthesis (or supply) of
GV stays behind release (or degradation) and suggests that nerve profiles which
contain exclugively AV do not constitute one functional category.

3. Especially the nerve profiles in direct contact with the outer basement
membrane of the portal capillaries are characterized by peroxidase positive
“synaptic”’ vesicles, 20 min after intravenous injection of HRP.

4. Horseradish peroxidase injected 20 min before fixation seems to label only
part of the population of tuberoinfundibular nerve terminals altered by castration.

5. The castration induced increase in percentage of nerve profiles containing
both peroxidase positive and peroxidase negative “synaptic” vesicles (and not
(V) may be due to loss of GV, which may store gonadotropin releasing factor,
from nerve profiles containing both AV and GV under conditions of non-stimulation.

6. The castration induced changes in the ultrastructure of tuberoinfundibular
nerve terminals imply that certain neurones projecting to portal capillaries in
the median eminence are, directly or indirectly, sensitive to changes in the level
of gonadal steroids.
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