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SUMMARY: Our light, and electron 
microscopic (EM) findings within the 
hypothalamic supraoptic (SO) and 
paraventricular (PV) nuclei of the normal 
female rabbit are in agreement with those 
reported earlier by other investigators for 
the same nuclei.of the dog and rat. The 
neurons of these nuclei are the 
hypothalamic synthesis sites of the 
neurohypophyseal hormones. 

With the exception of the arcuate nuc
leus, none of the hypothalamic nuclei 
associated with the control of 
adenohypohpyseal function have been 
studied extensively with the electron mi
croscope. On the basis of our EM find
ings within the female rabbit hypothala
mus, all neurons observed within the 
preoptic (PO) and suprachiasmatic 
(SCH) nuclei of the non-mated control 
animal were morphologically identical to 

(Turn to page 54) 

RESUME: Nos observations avec mi-
croscope-lumiere et aussi microscope-
electrone, aux noyaux hypothalamiques. 
SO et PV chez la lapine normale, sont 
d'accord avec celles antecedentes 
d'autres investigateurs des mimes 
noyaux chez le chien et le rat. Que les 
neurones de ces noyaux soient les sites 
de synthese hypothalamique des hor
mones neurohypophysaires, est bien 
etabli a ce temps. 

Avec la seule exception du noyau 
arcue, tous les autres noyaux 
hypothalamiques, relies au controle de 
fonction adenohypophysaire n'ont pas 
ete etudies extensivement avec micro-
scope-electrone. D'apres non propres 
trouvailles utilisant cette methode a 
I'hypothalamus de la lapine, tous 
neurones etudies d'animal non couple 
furent identiques quant a leur 

(Suite a la page 54) 

I. Introduction 
Neurons with gland-like features 

were first identified within the central 
nervous system (CNS) of certain 
elasmobranchs Dahlgren (1914). 
This specialized neuron, now com
monly known as the neurosecretory 
cell, has since been observed within 
the CNS of many other vertebrates, 
as well as a variety of invertebrate 
species. Their widespread occur
rence within the hypothalamus of 
the mammalian brain is no exception 
Bern (1963), Sachs (1969), Stutinsky 
(1970), Smith (1971), Pawlikowski 
and Karasek (1971). The functional 
significance of the neurosecretory 
cell as a centre of hypothalamic hor
mone synthesis is presently widely 
accepted. For example, the site of 
origin of the neurohypophyseal hor
mones oxytocin and vasopressin has 
long been associated with the supra
optic (SO) and paraventricular (PV) 
hypothalamic nuclei Bissett Clark 
and Errington (1971), Dyball (1971), 
Kalimo (1971), Kalimo and Rinne 
(1972), Norstrom (1972). However, 
the precise localization of 
hypothalamic nuclei responsible for 
the synthesis of those hormones 
associated with the control of 
adenohypophyseal activity remains 
more uncertain. 

The notion of a 'humoral' link in 
the control of adenohypophyseal 
function probably emerged from the 
early studies of Hinsey and Markee 
(1933) and Harris (1937). However, 
it was not until 1947 that Green and 
Harris fully recognized the signifi
cance of the hypophyseal portal sys-
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tern of veins and proposed the 
'neurohumoral Hypothesis' for the 
control of anterior pituitary gland 
function. Many of these neurohor
mones (now referred to as the 
hypothalamic releasing and inhibit
ing factors) have since been isolated 
from the mammalian hypothalamus 
and are now known to be polypeptide 
in nature. 

To date, however, surprisingly few 
electron microscopic (EM) studies 
have been carried out with the 
specific aim of elucidating the 
hypothalamic synthesis sites of the 
releasing and inhibiting factors. 
Unquestionably, the ultrastructural 
changes that have been observed 
among other protein-producing cells 
have been consistent and repreatedly 
interpreted as reflecting enhanced 
synthetic activity. One cannot help 
but wonder, therefore, why similar 
ultrastructural changes would not 
represent the hypothalamic synthesis 
of the neurohormones, should they 
occur within hypothalamic neurons 
following specific endocrine man
ipulation. 

//. Definitions, the 
Neurosecretory Neuron and 
the Concept of Neurosecretion 

According to Scharrer and 
Scharrer (1963), Scharrer (1969) 
(1971), all neurons within the mam
malian hypothalamus do not qualify 
as true neurosecretory cells. 
Throughout the text of the present 
paper, the terms 'neurosecretory 
neuron' and 'synthetically active 
neuron' will be considered synony
mous and used interchangeably. 
Neurons not showing discrete 
morphological evidence of neurosec
retory activity, will be referred to as 
'synthetically inactive' or 'conven-
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tional' neurons. The 'neuro
hormones' are the secreted prod
ucts of these neurons since they, 
like conventional hormones, reg
ulate the activity of target organs 
only after their release into and trans
port via the blood. In addition, the 
neurohormones associated with the 
hypothalamo - neurohypophyseal 
axis will be referred to as the 
'neurohypophyseal hormones ' to 
distinguish them from the neurohor
mones (e.g., the releasing and inhibit
ing factors) known to influence the 
activities of the adenohypophysis. 

According to Bern (1963), the 
neurosecretory neuron is a cell hav
ing the basic properties of both a 
n e r v e and a g land ce l l . The 
morphological and cytophysiological 
criteria that serve to identify the 
neurosecretory neuron have been the 
subject of many recent reviews 
Knowles (1965), Sloper (1966) 
Knowles (1967), Hofer (1968), Picard 
(1969), Sachs (1969), Stut insky 
(1970), Smith (1971). Only the basic 
morphological features that separate 
the neurosecretory neuron from the 
more conventional or synthetically 
inactive neuron are included in Fig. 
1. As clearly illustrated: (1) the 
somata of neurosecretory neurons 

usually lie in close spatial relation
ship with capillaries. This associa
tion has been observed at both the 
light iScharrer and Scharrer (1940) 
and EM levels Z a m b r a n o and 
DeRobertis (1966) (1967) Clat-
tenburg, Singh and Montemurro 
(1971) (1972a), Clattenburg (1972). 
Although the functional significance 
of such relationships are in doubt, 
they may provide a more direct route 
by which nutrients and/or hormonal 
f e e d - b a c k may i n f l u e n c e t he 
metabolism or synthetic state of the 
neurosecretory neuron. In addition, 
it may also serve as a pathway for 
the release of neurosecretory pro
ducts directly into the blood. Accord
ing to Senchik (1971). merocrine or 
aprocrine types of secretion have 
been observed in lower vertebrates 
(teleosts, amphibia, and reptiles). 
However, to my knowledge, similar 
findings have not been made within 
the CNS of mammals. (2) The termi
nals of neurosecretory neurons usu
ally do not form true synaptic junc
tions with other neurons. Although 
such contacts have been suggested 
Hofer (1968) there is presently little 
discrete ultrastructural evidence to 
support this view. (3) The relatively 
large terminals of neurosecretory 

neurons always lie in close spatial 
relationship with the perivascular 
spaces of capillaries. Areas of the 
brain where such neuro-vascular 
contacts occur have been termed 
'neurohaemal organs' Knowles and 
Carlisle (1956) and are adapted to 
serve two functions: a) the storage 
of neurosecretory material, and b) 
the site from which they are released 
into the systemic circulation. (4) The 
axons of neurosecretory neurons are 
never myelinated. 

The concept of neurosecretion as 
originally established by Bargmann 
and Scharrer (1951), and which is 
presently widely accepted as being 
accurate for all metazoa, is also illus
trated in Fig. 1. According to this 
concept, the neurosecretory material 
is synthesized within the neuron 
soma, transported via axons to axon 
terminals where it is temporarily 
stored, or immediately released into 
the vasculature of a neurohaemal 
organ. Although it is generally agreed 
that the typical electron-dense secre
tory granule may represent the car
rier of the neurohormones Zambrano 
and DeRobertis (1968) Ishii Iwata 
and Kobayashi (1969), Kobayashi 
Matsui and Ishii (1970), Scharrer etal 

Synthesis 

NS Process/ 
•̂ DCV Genesis 

Neurohemal Organ 

Figure I. Schematic drawing showing the relationship between a neurosecretory 
neuron soma and capillaries (c) of the hypothalamus, the neurosecretory process 
(insert), and the relationship between axon terminals (at) and the perivascular 
spaces (pvs) surrounding fenestrated capillaries (c) of a neurohaemal area. 

Figure 2. Schematic diagram of the 
rabbit hypothalamus and pituitary 
gland showing the localization of 
neurosecretory neurons implicated in 
the control of neurohypophyseal (nh) 
and adenohypophyseal (ah) activity. 
AC anterior commisure; ARC-VMN 
arcuate-ventromedian area; MI massa 
intermedia; OCh optic chiasma; PO-
SCH preoptic-suprachiasmatic area; 
sha superior hypophyseal artery; SO-
PV supraoptic-paraventricular area. 
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(1963) cautioned that all neurons 
containing electron-dense granules 
should not be considered neurose
cretory. Only those neurons whose 
secreted products can be demon
strated to fluctuate with changes in 
the physiological state of the animal, 
and whose secreted material effects 
target organs after their release into 
and transport via the blood, are true 
neurosecretory neurons. For this 
reason, many neurons of the arcuate 
nucleus, are excluded from the cate
gory of 'neurosecretory'. Although 
many neurons of this hypothalamic 
nucleus do contain electron-dense 
granules, their frequently suggested 
content (dopamine) does not have a 
direct effect upon anterior pituitary 
gland activity Porter and Mical 
(1969) (1970), Porter Kamberi Gold
man Mical and Grazia (1970), Kam
beri Mical and Porter (1969) (1970). 

///. Distribution of 
Neurosecretory Neurons within 
the Mammalian Hypothalamus 

Based on numerous studies that 
have employed a variety of neuroen
docrinological techniques, the 
somata of neurosecretory neurons 
associated with the many functions 
of the pituitary gland, are located 
within three primary areas of the 
hypothalamus (Fig. 2). It is presently 
well established that the fibers 
emanating from large neurosecretory 
neurons within the (SO) and (PV) 
hypothalamic nuclei form the 
hypothalamo-neurohy pophyseal 
tract — the functional link between 
the hypothalamus and the posterior 
lobe. 

There is now evidence that at least 
some of the neurons within the two 
remaining areas, e.g., the preoptic 
(PO) — suprachiasmatic (SCH) area, 
and the arcuate — ventromedian 
(VMN) area, send their axons toward 
the ME external layer where they ter
minate in contact with the perivas
cular spaces of the capillaries that 
drain into the hypothalamo-hy-
pophyseal portal system of veins 
Fuxe and Hbkfelt (1967), Szen-
tagothai Flerkd Mess and Halasz 
(1968), Zambrano and DeRobertis 
(1968), Tejasen and Everett (1967) 
Mess (1969), Tima(1971),MottaPiva 

Tima Zanisi and Martini (1971). 
Although it is generally agreed that 
these two hypothalamic areas in
fluence the activity of the adeno-
hypophysis, the precise nature of 
this control remains uncertain. 

IV Ultrastructure of 
Synthetically Inactive Neurons 

The ultrastructural features of a 
synthetically inactive neuron are 
illustrated in Fig. 3. With the excep-

member of the nuclear envelope are 
frequently observed. The filament
ous intranuclear rodlet is also a com
mon finding among the synthetically 
inactive neurons of the hypo
thalamus Clattenburg, Singh and 
Montemurro (1972b). 

The thin ring of cytoplasm sur
rounding the nucleus is typically pale 
due to the sparsity of cell organelles 
(Fig. 3). Only the occasional 
ribosome-studded cistern of rough 

Figure 3. Electron micrograph of a synthetically inactive neuron. Most of the cell 
area is occupied by the large eccentric vesicular nucleus (N). Infoldings of the 
nuclear envelope (arrow) are common. The rough endoplasmic reticulum (RER) 
and Golgi apparatus (G) are not well developed. Other organelles, e.g., mitochon
dria (m) are sparsely represented. PO nucleus, control female rabbit. X 7,200 

tion of the SO and PV nuclei, this 
type of neuron is the most prevalent 
within all hypothalamic nuclei 
studied to date with the electron mi
croscope. Asfarascanbedetermined, 
the synthetically inactive neurons 
referred to in the present paper are 
ultrastructurally identical to the con
ventional neuron as described by 
Peters, Palay and Webster (1970). 
The typically large, eccentric, ves
icular nucleus occupies most of the 
central area of cytoplasm. Prominent 
indentations or nuclear clefts are 
common. The single, prominent nuc
leolus usually lies free within the 
karyoplasm, although contacts 
between this organelle and the inner 

endoplasmic reticulum (RER) can be 
identified. The Golgi apparatus is 
likewise not well developed. Both the 
saccular and vesicular components 
of this organelle appear empty; 
accumulations of electron-dense 
material within the Golgi were never 
observed. The other organelles such 
as mitochondria, lysosome-like 
bodies and neurotubules are spar
sely represented and generally 
homogeneously distributed through
out the cytoplasm. The occasional 
electron-dense vesicles (DCV) 
observed within this type of neuron 
are small, with mean diameters not 
exceeding 110 nm. The DCV is 
clearly identifiable on the basis of its 
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spherical shape and central core of 
e l ec t ron-dense material tha t is 
characteristically separated from a 
limiting membraine by a clear area 
or 'halo ' . Although the nature of 
these DCV is uncertain, it is gener
ally agreed that they morphologically 
represent the biogenic amines Rinne 
(1966), Matsui (1967), Knowles 
(1967), Zambrano and DeRobertis 
(1968), Zambrano (1969). 

V. Ultrastructural 
Features Suggesting 
Enhanced Neurosecretory Activity 

Few EM studies on the mammalian 
hypothalamus have been purely 
descriptive in nature. Considerable 
effort has been made to correlate 
changes in ultrastructure with known 
functional or physiological states of 
the experimental animal. To date the 
ultrastructural changes observed 
among n e u r o n s of the var ious 
hypothalamic nuclei in response to 
specific stimuli have been consistent 
and, in all cases, directly associated 
with increases in the levels of synthe
tic activity. These findings, as they 
occurred among neurons associated 
with the hypothalamic control of 
bo th n e u r o h y p o p h y s e a l and 
adenohypophyseal function, may be 
summarized as follows: 

/. Hypothalamo-Neurohypophyseal 
Axis, Zambrano and DeRobertis, 
(1966), (1967). 

Increased: 
(a) Neuronal, nuclear and nuc

leolar diameters. 
(b) RER m e m b r a n e and 

associated ribosomes. 
(c) Amount of macromolecular 

material within the RER cis
terns. 

(d) Size of the Golgi apparatus. 
(e) Number of mitochondria and 

lysosomes. 
Decreased: 
(a) Number of neurosecretory 

granules within the neuron 
soma. 

2. Hypothalamo-Adenohypophyseal 
Axis, Clattenburg et al(1971)(1972a) 

NB: Except for no significant 
increases in nucleolar dia
meters, increases were the 
same as those listed (a-e) 
above. 

In addition — the presence 
of large (130-150 nm) DCV 
within the certain neuron 
soma following endocrine 
manipulation. Similar large 
DCV were never observed 
within the neuron somata 
of our control animals. 

VI. Ultrastructure of Synthetically 
Active (Neurosecretory) Neurons 

Many of the ultrastructural fea
tures observed within hypothalamic 
n e u r o n s , and which have been 
repeatedly interpreted as suggesting 
enhanced neurosecretory activity in 
response to specific stimuli, are evi
dent in Fig. 4. These neurons typi-

the degree of nuclear membrane 
indentation. As observed in the 
smaller conventional neurons, con
tacts between the prominent nuc
leolus and the nuclear envelope are 
frequent. However, the filamentous 
intranuclear rodlet, a common find
ing among conventional neurons, 
was never seen in synthetically 
active neurons Clattenburg et al. 
(1972b). The elaborate infoldings of 
the nuclear envelope suggest an 
increase in the cytoplasmic-nuclear 
interface and have been interpreted 
as evidence of elevated activity 
among neu rosec re to ry neurons 
Scharrer and Scharrer (1940), Zam
brano and DeRobertis (1966) (1968), 
Clattenbrug (1972). 

Figure 4. Electron micrograph showing the perinuclear zone of a large synthetic
ally active neurosecretory neuron. Cell organelles normally associated with 
enhanced protein synthesis are well developed (compare with Fig. 3). Several 
large dense-core vesicles (arrows) are visible in the 'central' zone of cytoplasm. 
G Golgi apparatus; L lysosome; RER rough endoplasmic reticulum. PO nucleus, 
female rabbit — 10 hours post-coitus. X 6,300 

cally lie in close spatial relationship 
with capillaries and are of large 
diameter due primarily to the elabo
ration of cell organelles, Sloper and 
Bateson (1965) Zambrano and 
DeRobertis (1966) (1967) Clattenburg 
et al (1971) (1972a). 

In contrast to a synthetically inac
t ive n e u r o n , the n u c l e u s of a 
neurosecretory cell is larger, more 
eccentric and shows an increase in 

Within the neurosecretory neuron, 
the elaborate development and dis
tribution of certain cell organelles 
clearly provides a morphological 
basis for dividing the cytoplasm into 
"marginal" and "cen t ra l " zones 
(Fig. 4). The "marginal" cytoplasm 
is largely occupied by RER and dense 
populations of intercisternal poly
somes. The macromolecular content 
of the RER cisternae, which suggests 
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newly-synthesized protein, Zam-
brano (1966), Zambrano and 
DeRobertis (1966), can be seen to 
better advantage in Fig. 8. The 
"central" zone of cytoplasm clearly 
contains multiple well-developed 
Golgi profiles, numerous mitochon
dria, electron-dense lysosome-like 
bodies, a variety of "empty" vesicles 
and sca t tered neuro tubu les . In 
addition, vesicles with mean diame
ters exceeding 120 nm and containing 
a core of electron dense material, 
have been a consistent finding within 
the cytoplasm of all hypothalamic 
neurosecretory neurons. 

VII. The Hypothalamo-
Neurohypophyseal Axis 
A) Neurons of the SO and PV nuclei 

There is now unquestionable evi
dence to support the view that the 
hormones, oxytocin and vasopres
sin, are synthesized within the SO 
and PV nuclei of the mammalian 
brain. See Section I above. 

a) Light microscopy. As seen with 
the light microscope, the SO and PV 
nuclei of the normal female rabbit 
(Figs. 5 and 6) are similar to those 
of the rat, Sokol and Valtin (1965), 
Zambrano and Mordoh (1966). Zam-

Figure 5. An area of the SO nucleus 
of a normal female rabbit. Variations 
in density reflect functional states 
among the neurons shown, a)—type 1 
or 'resting' neuron, b)—type 2 or 
'active' neuron. Note the close 
spatial relationship between neuron 
somata and capillaries (c). Thick 
Epon section, methylene blue-
Azure II stain. X 1,000 

Figure 6. Light micrograph of the PV 
nucleus of a normal female rabbit. 
Two morphological types of neurons 
are shown: a)—small, conventional 
appearing neurons and, b)—larger, 
neurosecretory neurons. The latter 
are morphologically identical to the 
neurosecretory neurons of the SO 
nucleus (see Fig. 5). Thick Epon 
section, methylene blue-Azure II 
stain. X 1,200 

b r a n o and D e R o b e r t i s (1966), 
Flament-Durand (1971) and to the 
dog, Sloper and Bateson (1965), 
Zambrano and DeRobertis (1967). 

Most neurons of the SO nucleus 
are noticeably active and located in 
close spatial relationship with one or 
more capillaries (Fig. 5). The varia
tion in density among SO neurons has 
been interpreted by Zambrano and 
DeRobertis (1966) to reflect 'func
tional states' within neurosecretory 
neurons. According to these inves
tigators, the darker neurons have 
been designated as type 1 or 'resting' 
neurosecretory cells; the lighter 
ones , type 2 or neurosecre tory 
neurons in a more 'active' state of 
synthesis. The smaller, conventional 
type neuron is not a common finding 
within the hypothalamic SO nu
cleus. 

In contrast, two distinct morpho
logical types of neurons (Fig. 6) are 
clearly identifiable within the rabbit 
PV nucleus. The smaller neurons 
are identical to the conventional type 
of neuron seen in the PV nucleus of 
the rat, Flament-Durand (1971), 
Kalimo and Rinne (1972). The larger 
neurons are morphologically identi
cal to the neurosecretory neurons of 

the SO nucleus. Furthermore, as 
among the SO neurons of the rabbit, 
rat and dog, differences in density 
among PV neurons have been pre
viously observed and interpreted as 
changes in the functional states of 
these cells, Flament-Durand (1971). 

b) Electron microscopy. Ultra-
structural changes associated with 
neurosecretory rhythms within SO 
and PV neurons have been widely 
observed in a variety of mammalian 
species Sloper and Bateson (1965), 
Zambrano and Mordoh (1966), Zam
brano and DeRobertis (1966) (1967), 
Zambrano (1968) Flament-Durand 
(1971) Kalimo and Rinne (1972). 
Under normal conditions, the type 1 
and type 2 neurons (with intermedi
ate forms), are also identifiable at 
ultrastructural levels within both the 
rat SO, Zambrano and DeRobertis 
(1966) and PV, Flament-Durand 
(1971), Kalimo (1971) nuclei. Follow
ing specific stimulation such as 
dehydrat ion, Zambrano and 
DeRobertis (1966) and castration, 
Matsui and Engehardt (1960), there 
is general hypertrophy of these 
neurons, with a greater number of 
neurons showing morphological fea
tures of the type 2 or 'synthetically 
active' neurons. 

To date, the ultrastructure of SO 
and PV neurons of the rabbit follow
ing various stimuli have not been 
reported. However, in the normal 
female rabbi t the two types of 
neurons suggesting states of func
tional activity are clearly evident 
(Figs. 7, 8, and 9). A portion of the 
perinuclear zone of a type 1 (resting 
or storage) neuron is shown in Fig. 
7. As far as can be determined, this 
neuron is ultrastructurally identical 
to the type 1 neuron observed within 
the SO nucleus of the rat, Sloper and 
Bateson (1965), Zambrano and 
DeRobertis (1966), and dog, Sloper 
and Bateson (1965). In general, the 
cell organelles normally associated 
with protein synthesis are not well 
developed within the type 1 neurons 
of both the SO and PV nuclei. Only 
the occasional cluster of flattened 
RER cisternae is identifiable; the 
Golgi apparatus is likewise not well 
developed. Mitochondria and lyso-
somes are sparsely represented. 
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Figure 7. Electron micrograph showing an area of the perinuclear zone of a type 
1 or 'resting' neuron. Note the accumulation of secretory granules (arrows) 
within the marginal cytoplasm. Cisternae of the rough endoplasmic reticulum 
(RER) are flattened and generally not well developed. SO nucleus, normal female 
rabbit. X 16,000 

•if" 
• ; ? •••• ; * , . . < '•*:* 

Figure 8. Part of the perinuclear area of a type 2 or synthetically 'active' neuron 
(compare with Fig. 7). The rough endoplasmic reticulum (RER) and Golgi appar
atus (G) are well developed. RER saccules are dilated and clearly contain a 
granular macromolecular material (arrows). Note the sparsity of secretory granules 
within the marginal cytoplasm. SO nucleus, normal female rabbit. X 14,400 

Within the SO and PV nuclei, a 
consistent feature of the type 1 
neuron is the accumulation of numer
ous neurosecretory granules at the 
perephery of the neuron soma (Fig. 
7). These granules clearly contain a 
core of electron lucent material that 

is not always clearly separated from 
a limiting membrane or 'halo'. Their 
mean diameters of 206 ±30 nm and 
170 ±32 nm for the SO and PV 
n e u r o n s r e s p e c t i v e l y c o m p a r e 
favorably with those reported for 
the same nuclei of other mammalian 

Figure 9. Electron micrograph of the 
Golgi apparatus (G) observed within 
a type 2 neuron. A secretory granule 
in the process of 'pinching-off from 
a Golgi saccule, is clearly shown 
(arrow). L lysosome; m mitochon
drion. PV nucleus, normal female 
rabbit. X 21,000 

species. In contrast, the occasional 
DCV seen within the smaller conven
tional neurons of the rabbit PV nu
cleus, like those of the rat, Flament-
Durand (1971) had diameters in the 
order of 90-100 nm. 

The perinuclear zone of the neuron 
shown in Fig. 8 is representative of 
the type 2 or 'synthetically active' 
neurons of both the SO and PV nuclei 
of the rabbit and is ultrastructurally 
identical to the type 2 neurons seen 
within the SO and PV nuclei of other 
mammals, Sloper and Bateson (1965), 
Zambrano and DeRobertis (1966), 
Zambrano and Mordoh (1966), 
Flament-Durand, (1971), Morris 
(1971), Kalimo and Rinne (1972). In 
contrast with the type 1 neurons of 
these hypothalamic nuclei (Fig. 7), 
the cell organelles are now well 
developed and show a more discrete 
distribution within the neuron soma. 
The peripheral area of cytoplasm is 
largely occupied by the elaborate 
RER and numerous free polysomes; 
only the occasional e lementary 
neurosecretory granule is seen (Fig. 
8). The cisternae of the RER are 
characteristically dilated and clearly 
contain a fine granular or mac
romolecular material. Similar find
ings within the SO and PV type 2 
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neurons of other mammalian species 
have been previously reported under 
both normal and experimental condi
tions Sloper and Bateson (1965), 
Zambrano (1966), Zambrano and 
DeRober t is (1966), Kalimo and 
Rinne (1972). According to Zam
brano and DeRobertis (1966) (1967), 
the macromolecular content of the 
RER cisternae of these cells repre
sents newly-synthesized protein. 

The 'central' zone of cytoplasm 
contains several well developed 
Golgi profiles, dense populations of 
mitochondria, numerous lysosome-
like bodies and a variety of vesicular 
structures (Fig. 8). The role played 
by the Golgi apparatus in the 'pack
aging' of neurosecretory material 
into the neurosecretory granule is 
well documen ted Palay (1960), 
Scharrer and Brown, (1961), Dalton 
(1961), Jamieson and Palade (1966), 
Zambrano and DeRobertis (1966) 
Zambrano (1968), Beams and Kessel 
(1968), Hol tzman and Dominitz 
(1968), Clattenburg (1972). The 
'pinching-off of a large neurosecre
tory granule from the Golgi appara
tus of a large type 2 neuron of the 
normal rabbit PV nucleus is shown 
in Fig. 9. 

The scope of the present paper 
does not permit a detailed discussion 
of the nature of the elementary 
neurosecretory granules synthesized 
within the somata of SO and PV 
nuclei. According to Kalimo and 
Rinne (1972) . . . "there is now sub
stantial evidence to support the view 
that oxytocin and vasopressin are 
synthesized in separate neurons as 
well as in separate nuclei; oxytocin 
mainly in the PV nuclei and vasopres
sin in the SO nuclei, although there 
is overlapping between the nuclei." 
For more detailed discussion and 
references see Bissett et al. (1971), 
Dyball (1971), Kalimo (1971) and 
Norstrom (1972). 

VIII. The Hypothalamo-
Adenohypophyseal Axis 

A) Neurons of the PO and SCH 
Nuclei 

Since Green and Harris (1947) first 
s u g g e s t e d t he p r e s e n c e of a 
'neurohormonal link' between the 

hypothalamus and the anterior lobe 
of the mammalian pituitary gland, 
many investigators have attempted 
to localize the hypothalamic synthe
sis sites of these chemical mediators. 
As a result of these studies, two 
hypothalamic centres of RF synth
esis have been frequently suggested: 
a) the anterior hypothalamus — in 
which lie the PO and SCH nuclei, 
and b} die medial basal hypothalamus 
(MBH) w h i c h , a c c o r d i n g to 
def in i t ion, inc ludes the ent i re 
arcuate, and at least part of VMN 
nucleus Halasz, Pupp, and Uhlarik 
(1962). Our studies to date on the rab
bit brain have been directed toward 
providing discrete ultrastructural 
evidence for the presence of true 
neurosecretory neurons within these 
areas of the brain and, if present, do 
they in fact r e p r e s e n t the 
hypothalamic synthesis sites of 
RF.? 

a) Light Microscopy. The nature 
and distribution of neurons within the 
SCH nucleus of anon-mated, control 
female rabbit brain, as evident with 
the light microscope, are shown in 
Fig. 10. As far as can be determined, 
all the neurons are of the same basic 
type with no morphological evidence 
of neurosecretory activity. Similarly, 
synthetically active neurons were 
never observed within the PO nuclei 

of non-mated, control female rabbits 
Clattenburg et al. (1971). 

In contrast, evidence of enhanced 
neurosecretory activity (Fig. 11) was 
observed in approximately 19 and 30 

Figure 10. Light micrograph showing 
the nature and distribution of neurons 
within control SCH nuclei. All 
neurons are small with no morpho
logical evidence of neurosecretory 
activity. Thick Epon section, methy
lene blue-Azure II stain. X 1,000 

Figure 11. Light micrograph showing a 
large neurosecretory neuron (a). 
Compare with the smaller conven
tional neurons (b). Note the close 
spatial relationship between neuron 
(a) and the capillary (c). SCH nu
cleus, female rabbit, 8 weeks cas
tration. Thick Epon section, methy
lene blue-Azure II stain. X 1,000 

percent of the neurons located near 
capillaries of the PO and SCH respec
tively following coitus Clattenburg et 
al (1971), (1972a). As determined 
from thick epon sections stained with 
methylene blue—Azure II, Richard
son, Jarett and Finke (1960), ap
proximately 11 and 4 percent of 
the total neuron population within 
the SCH nucleus showed evidence 
of synthetic activity following castra
tion and laparotomy respectively 
(Fig. 12). Similar data for the PO nu-

Figure 12. Frequency percent of syn
thetically active neurons observed 
within SCH nuclei of the female 
rabbit following castration and 
laparotomy. 

cleus of the rabbit following castra
tion and laparotomy are presently 
being compiled. Since all neurons 
within the PO and SCH nuclei of our 
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non-mated controls were of the same 
morphological type (Fig. 10), these 
findings clearly show that a number 
of PO and SCH neurons of the rabbit 
do undergo structural changes in 
response to endocrine manipulation. 
Such changes should also be clearly 
evident at ultrastrtictural levels. 

b) Electron Microscopy. Ultra-
structurally, all the neurons ob
served within the PO and SCH nu
clei of the non-mated, control female 
rabbit, were morphologically identi
cal to the synthetically inactive cell 
shown in Fig. 3. Discrete untrastruc-
tural changes suggesting enhanced 
synthetic activity within these neur
ons were never seen. The occa
sional DCV identified within the 
somata of the neurons were small, 
with mean diamters of 104 ±18 nm 
and 106 ±22 nm for the PO and 
SCH respectively, Clattenburg 
(1972). Unfortunately the present, 
and other similar ultrastructural 
data, do not establish the chemical 
nature of the small DCV. It is 
generally accepted, however, that 
the 100 nm DCV do contain the 
biogenic amines. Whether or not the 
DCV observed within the PO and 
SCH neurons of the female rabbit 
carry noradrenalin (NA) and/or 5-
Hydroxytryptamine (5-HT) as pre
viously reported for other mam
malian species Pellegrino de Iraldi, 
Duggan, and DeRobertis, (1963), 
Fuxe (1965), Fuxe and Hokfelt (1968) 
(1970), Aghajanian, Bloom and 
Heard, (1969), cannot be concluded. 

The absence of synthetic activity 
within the vast majority of PO and 
SCH neurons following mating, cas
tration, and laparotomy, as evident 
with the light microscope, was read
ily confirmed with the EM (compare 
Figs. 3 and 13). In addition, a number 
of the neurons located near capil
laries of these hypothalamic nuclei 
did clearly present ultrastructural 
features reflecting enhanced synthe
tic activity (Fig. 14). Since similar 
large, neurosecretory neurons were 
never seen within the PO and SCH 
nuclei of the control rabbits, their 
presence as a response to the above 
endocrine changes, is strongly sug
ges ted . Similar neu rosec re to ry 
neurons were also observed within 

?4ifeJK*S 
Figure 13. Electron micrograph showing ultrastructural features representative of 

all neurons observed within the PO and SCH nuclei of the non-mated, control 
female rabbit (compare with Fig. 3). The organelles normally associated with 
protein synthesis are not well developed. An intranuclear filamentous rodlet, 
sectioned transversely, is also shown (arrow). G Golgi apparatus; RER rough 
endoplasmic reticulum. X 6, 700 

Figure 14. Portion of the perinuclear zone of a large synthetically active neuron 
observed within the SCH nucleus (compare with Fig. 13). Note the elaborate rough 
endoplasmic reticulum (RER) and dense populations of mitochondria (m) and 
lysosomes (L). The large dense-core vesicles shown (arrows) were never seen 
within neuron somata of non-mated female rabbit PO and SCH nuclei. SCH 
nucleus, 8 weeks castration. X 18,000 

the PO nucleus of the rabbit follow
ing castration as well as within both 
the PO and SCH nuclei in response 
to coitus Clattenburg et al (1971) 
(1972a) and laparotomy (Clatten

burg, unpublished data). In gen
eral these cells, like the neurosec
retory neurons of the mammalian SO 
and PV nuclei, were characterized by 
their large size and development of 
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cell organelles commonly associated 
with enhanced protein synthesis 
(compare Figs. 13 and 14). A consis
tent finding within the somata of 
these synthetically active neurons 
was the presence of large DCV with 
diameters of 130 nm - 150 nm. It is 
significant that similar large DCV 
were never observed within the 
somata of inactive neurons of either 
the PO or SCH nuclei. The origin of 
the large (130 nm-150 nm) DCV from 
the Golgi apparatus was also a com
mon finding Clattenburg et al (1971), 
(1972a). 

Although the precise chemical 
nature of the 130 nm-150 nm DCV 
is uncertain, these findings do 
strongly support their synthesis in 
response to endocrine manipulation 
and are therefore associated with 
adenohypophyseal activity. Cer
tainly, it is known that coitus, Hil-
liard, Hay ward and Sawyer (1964) 
and castration, Goldman and Porter 
(1970) , G a y , N i s w e n d e r and 
Midgley, (1970), Dierschke, Bhat-
t acha rya , Atkinson and Knobil 
(1970) elevates the circulating levels 
of luteinizing hormone (LH). Assum
ing that the release of LH from the 
pituitary gland is mediated by the 
hypothalamic principal LH-RF, our 
findings to date within the PO and 
SCH nuclei of the female rabbit may 
well represent hypothalamic LH-RF 
synthesis in an attempt to replenish 
lost stores from the ME. Further
more, it is also known that coitus, 
Desjardins, Kirton and Hafs (1967) 
and the surgical stress of laparotomy 
induces the release of ACTH from 
the anterior lobe. As shown in Fig. 
12, approximately 4 percent of the 
neurons within the SCH nuclei of 
the female rabbit were synthetic
ally active following laparotomy. 
Whether this represents the hypo
thalamic synthesis or adrenocorti-
cotrophic-releasing factor (CRF) in 
the rabbit must be placed in the 
realm of speculation at this time. 

B) Neurons of the Arcuate and VMN 
Nuclei 

Since the early transplantation and 
deafferentation studies of Halasz and 
co-workers Halasz et al (1962), Hal
asz and Pupp (1965) which demon
s t r a t e d the p r e s e n c e of a 

'hypophysiotrophic area ' (HTA) 
within the mammalian hypothala
mus, many studies have been di
rected toward determining its 
precise role in the mediation of 
a d e n o h y p o p h y s e a l a c t i v i t y . 
Although the boundaries of this func
tional area of the brain are not clearly 
defined, the HTA or MBH has been 
interpreted to include as its main 
central component, the arcuate and 
at least the ventral portion of the 
VMN nuclei Szentagothai, Flerko, 
Mess and Halasz (1972). 

Of the hypothalamic nuclei pres
ently implicated in the regulation of 
gonadotrophic activity, the arcuate 
has, without doubt, received the 
most attention. Presumably, many of 
these studies were stimulated by its 
close spatial relationship with the 
ME. Furthermore, it has been shown 
that many neurons of the arcuate 
nucleus send their axons toward the 
ME Spatz (1951), Szentagothai , 
Flerko, Mess and Halasz (1962), 
(1968) whe re they con tac t the 
p e r i v a s c u l a r s p a c e s of the 
hypophyseal portal capillaries, Zam-
brano and DeRobertis (1968) Fuxe 
and Hokfelt (1967), (1968) Szen
tagothai et al (1968). 

In recent years, the VMN has 
received considerable a t tent ion 
because of its possible role in the 
synthesis of growth hormone releas
ing factor (GRF). For further detail 
and references see the preceeding 
paper by Dr. L. Bernardis. Whether 
or not the VMN of the mammalian 
brain has an extensive fiber connec
tion with the ME has, to my knowl
edge, never been clearly demon
strated. 

a) Light Microscopy. The relation
ship of the arcuate and VMN nuclei 
with the ME of the rabbit brain is 
shown in Fig. 15. Two morphologi
cally distinct types of neurons iden
tified as 'pale' and 'dark' on the basis 
of certain structural features are evi
dent within the rabbit arcuate nuc
leus (Fig. 16). However, as far as can 
be determined with the light micro
scope, all neurons of the rabbit 
VMN are morphologically similar to 
small, conventional neurons seen 
within the SCH nucleus and shown 
in Fig. 10. 

Figure 15. Coronal section of the female 
rabbit hypothalamus showing loca
tion of arcuate (Arc) and ventro
medial (VMN) nuclei and their rela
tionship with the median eminence 
(arrows). Ed ependyma; VIII third 
ventricle. X 100 

Figure 16. Light micrograph of 'pale' 
(a) and 'dark' (b) neurons of the rab
bit arcuate nucleus. Thick Epon sec
tion, methylene blue-Azure II stain. 

X650 

b) Electron Microscopy. The 
ultrastructural features that serve to 
identify the perinuclear zones of both 
'pale' and 'dark' neurons of the rab
bit arcuate nucleus, are shown in Fig. 
17. The 'pale' arcuate neurons are 
not unlike the synthetically inactive 
neurons described in section IV of 
the present paper. In general, the 
RER and Golgi apparatus are not well 
developed. Other organelles, in par
ticular, the mitochondria, lysosomes 
and vesicles are also sparsely rep
resented. In contrast, the 'dark ' 
arcuate neurons clearly show rela
tively well developed RER and Golgi 
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Figure 17. Electron micrograph illustrating the ultrastructural features that serve 
to identify 'pale' and 'dark' arcuate neurons. A 'dark' neuron occupies the 
the right half of the figure. Note that its overall darker appearance is due 
primarily to the development and/or increase in numbers of individual organelles. 
The occasional dense-core vesicle (arrows) observed within these neuron types 
were small, with the vast majority falling into the 90- 110 nm range. Female 
rabbit, 34 weeks castration. X 7,500 

prof i les , dense popu la t ions of 
mitochondria and lysosomes and an 
increase in the number of DCV. 
Dense accumulations of mac-
romolecular material, .identical to 
those observed within the RER cis-
ternae of neurosecretory neurons 
described elsewhere in the present 
paper, were also a common finding 
within the RER cisterns of the 'dark' 
arcuate neurons. The mean dia
meters of the DCV observed within 
the somata of the 'dark' neurons, as 
well as the occasional DCV seen 
with those of the 'pale' neuron type, 
did not exceed 110 nm. Evidence for 
their origin from the Golgi apparatus 
has also been shown, Clattenburg 
(1972). Whorled bodies similar to 
those obse rved within a rcua te 
neurons of the rat following castra
tion and associated with synthetic 
activity, Brawer (1971) were not seen 
within arcuate neurons of the rabbit. 

The 'pale' and 'dark' neurons of 
the rabbit arcuate nucleus Clat
tenburg (1972) are ultrastructurally 
identical to those described for the 
arcuate nucleus of the rat, Jaim Etch-

everry and Pel legr ino Del ra ld i 
(1968), Zambrano and DeRobertis 
(1968), Zambrano (1969) Ratner and 
Adamo (1971). According to Jaim 
Etcheverry and Pellegrino Delraldi 
(1968), their functional significance 
is obscure. On the other hand, Zam
brano and DeRobertis (1968), have 
provided rather convincing evidence 
that the morphological differences 
observed between these neurons do 
not represent two distinct types; 
rather, they represent functional 
states of the same kind of cell. This 
concept was founded on the fact that 
following castration in the rat, the 
per ikarya of nearly all a rcua te 
neurons showed a marked hyper
trophy with the discrete ultrastruc
tural changes usually associated with 
elevated levels of synthetic activity. 
This finding suggests that in re
sponse to the endocrine changes 
associated with castration, many of 
the 'pale' neurons became syntheti
cally active and ultrastructurally 
appeared as the 'dark' neuron type. 
Similar findings within the arcuate 
nucleus of the rat following castra

tion have also been reported by 
Brawer (1971). Our findings to date 
within the arcuate nuclei of the 
female rabbit have clearly shown that 
the two neuron types are common 
under both normal and experimental 
conditions. However, although the 
two neuron types were clearly evi
dent in all animals studied, changes 
in the ratio of'pale' to 'dark' neurons 
suggesting an overall increase of 
arcuate nucleus activity following 
coitus and castration, were not seen. 

In recent years, the nature of the 
DCV observed within the neuron 
soma of the mammalian arcuate nuc
leus has received cons iderab le 
attention. Do these vesicles contain 
the biogenic amines, in particular 
DA, or do they contain the RF re
sponsible for maintaining tonic levels 
of the anterior lobe hormones? 

To date, EM studies of the normal 
and experimental rat arcuate nucleus 
have been most consistent in demon
strating only one population of DCV, 
Zambrano and DeRobertis (1968), 
Jaim Etcheverry and Pellegrino 
Delraldi, (1968) Zambrano (1969), 
Brawer (1971), Ratner and Adamo 
(1971). Although the diameters sited 
for these vesicles range from 70 nm 
to 150 nm, the vast majority show 
a 90 nm to 110 nm diameter range. 
Our finding of DCV with mean 
diameters of 109 ±13 nm and 104 ±14 
nm within the somata of arcuate 
neurons of non-mated, control and 
mated experimental rabbits respec
tively, Clattenburg (1972) therefore 
support these EM studies on the rat. 
Furthermore, although it is widely 
accepted that the DCV of the mam
malian arcuate nucleus do contain 
DA, Fuxe and Hokfelt (1967), Agha-
janian and Bloom, (1966), Rinne 
(1966), Duffy and Menefee (1965) 
Zambrano and DeRobertis (1968), 
Zambrano (1969) their possible RF 
content cannot be disregarded, Zam
brano and DeRobertis (1968) Brawer 
(1971). Recently, however, the den
sity gradient centrifugation studies of 
Ishii and co-workers Ishii et al (1969); 

Ishii (1970a,b) (1972), Kobayashi and 
Ishii (1968) Clementi, Ceccarelli, 
Cerati , Demonte , Felici, Motta, 
Pecile (1970) have provided rather 
convincing evidence that the RF are 
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contained within the larger (120 nm-
140 nm) DCV. Whether or not the 
occasional larger DCV seen within 
the somata of arcuate neurons do, 
in fact, contain the RF has not been 
clearly demonstrated. If so, such 
findings would support the view that 
the synthesis of both biogenic amines 
and the RF occurs within the same 
type of neuron. To my knowledge, 
EM findings within the mammalian 
arcuate nucleus, have not demon
strated the presence of at least two 
functionally different neurons based 
on differences and homogeneity of 
the DCV populations observed. Cer
tainly our findings within the arcuate 
nucleus of the female rabbit following 
coitus, Clattenburg (1972), and cas
tration do not support this view. Un
like our findings within neurons of 
the PO and SCH nuclei, Clattenburg 
et al (1971) (1972a), neurons with 
homogeneous populations of only 
the larger (120 nm to 150 nm DCV) 
were never seen within the arcuate 
nucleus of this experimental animal. 

Ultrastructural changes following 
specific endocrine manipulation have 
never been observed within the mam
malian VMN nucleus. As far as could 
be determined, all neurons observed 
within the VMN nucleus of the non-
mated and mated female rabbits, 
were ultrastructurally identical to the 
synthetically inactive neuron shown 
in Fig. 3. Certainly, VMN neurons 
with ultrastructural features similar 
to those of the large synthetically 
active neurons reported within the 
PO and SCH nuclei following coitus 
Clattenburg et al (1971) (1972a), 
were never seen. Whether or not this 
hypothalamic nucleus is associated 
with the synthesis of GH-RF, Bernar-
dis and Frohman (1970) (1971), Froh-
man and Bernardis (1968) has , 
likewise, never been supported by 
ultrastructural evidence. On the 
other hand, preliminary findings 
from an ultrastructural study of the 
rat VMN following insulin hypo-
glycaemia(Montemurro-unpublished 
data) may represent the first ultra-
structural evidence to support this 
view. 

IX. The Median Eminence 
Undoubtedly, the key to a clear 

understanding of the functional rela

tionships between the mammalian 
hypothalamus and the pituitary 
gland lies within our knowledge of 
t he M E and i t s s u b c e l l u l a r 
organization. 

a) Light Microscopy. The coronal 
section of the female rabbit ME 
shown in Fig. 18 is representative of 

. S ^ 1 

Figure 18. Coronal section of the fe
male rabbit ME showing its basic 
zonation: 1)—the monolayered epen-
dyma, 2)—the internal layer and, 3)— 
the external layer. Large capillaries (c) 
of the hypothalamo-hypophyseal por
tal system of veins separate deeply-
staining cells of the pars tuberalis 
(pt) from ventral limits of the ME. 

X750 

all mammalian species studied to 
date. Three distinct zones or layers 
can be identified: 1) the monolayered 
ependyma, 2) an internal layer, and 
3) the external layer, Rinne (1960). 

The relatively thick ME internal 
layer is composed primarily of com
pactly arranged axon profiles of the 
neurohypophyseal tract, glial ele
ments , deeply staining Herring 
bodies and tangentially orientated 
processes identified as those of 
glial and/or ependymal tanycytes. 
The large profiles of the 
neurohypophyseal tract emanate 
from the somata of SO and PV 
neurons, Scott and Knigge (1970), 
course through the ME internal layer 
in a rostro-caudal direction parallel 
to the floor of the third ventricle, and 
terminate upon the vasculature of the 
pos t e r i o r lobe Monroe (1967), 

Knigge and Scott (1970). The vas
cular elements subjacent to the epen
dyma (Fig. 18) represent long capil
lary loops from the primary capil
laries of the hypothalamohy-
pophyseal system of portal veins. 

The ME external layer consists of 
two rather distinct regions: 1) the 
palisade layer and 2) a contact or vas
cular zone. As seen with the light 
microscope, the palisade layer is 
composed chiefly of haphazardly 
orientated axon profiles and only the 
occasional glial cell. Presumably, 
these axon profiles emanate in part 
from the glial cells of the internal 
layer, the somata of the ependymal 
tanycytes and from hypothalamic 
neurosecretory neurons associated 
with the control of adenohy-
pophyseal activity. The contact 
zone of the external layer is the 
area of the ME in which the proces
ses of the palisade zone terminated 
upon the c a p i l l a r i e s of t he 
hypophyseal portal plexus (Fig. 18). 
In addition, this system of veins 
clearly separates the ventral limits of 
the ME from the thin layer of deeply 
staining cells of the pars intermedia. 

b) Electron Microscopy. Many 
investigators have contributed to our 
knowledge of the subcellular organi
zation of the normal mammalian ME 
Oota (1963), Seitz (1965), Duffy and 
Menefee (1965), Kobayashi, Oota, 
Vemura and Hirano (1966), Matsui 
(1966), Rinne and Arstila (1966), 
Rinne (1966), Monroe, (1967), Zam-
brano (1968), Scott and Knigge 
(1970), Voitkevich and Dedov (1972). 
To date, however, few EM studies 
have dealt with the ultrastructural 
changes that occur within this area 
of the brain in response to specific 
endocrine manipulation. The follow
ing brief account of ME ultrastruc-
ture will therefore deal primarily with 
our findings within this region of the 
normal female rabbit, together with 
some of the subcellular changes 
observed following coitus. 

With the electron microscope, the 
internal layer of the rabbit ME, like 
that of the rat, Matsui (1966), can be 
further subdivided into a thin dorsal 
subependymal zone and a much 
thicker ventral fibrous zone. A 
detailed account of the ME subepen-

50 - FEBRUARY 1974 infrastructure of Hypothalamus and Median Eminence 

https://doi.org/10.1017/S0317167100019569 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100019569


% LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES 

Figure 19. Electron micrograph show
ing the nature of large axon profiles 
of the hypothalamo-neurohypophy-
seal tract. The neurosecretory gran
ules (arrows) have a mean diameter 
of 206 + 34 nm and are ultrastructurally 
identical to those observed within 
neurons of the SO-PV area, m mito
chondria. ME internal layer (fiber 
zone), non-mated female rabbit. 

X 11,700 

dymal z o n e has a l r e a d y been 
reported Matsui (1966), Rinne (1966), 
Monroe (1967). A portion of the ven
tral fibrous zone is shown in Fig. 19. 
The large (1-2JJ.) axon profiles of the 
neurohypophyseal tract clearly con
tain a number of electron dense 
granules, numerous neurotubules 
and the occasional mitochondrion. 
The electron dense granules have a 
diameter range of 120 nm to 300 nm 
with a mean of 206 ±34 nm and are 
ultrastructurally identical to the large 
granules observed within the somata 
of both SO and PV neurons of the 
rabbit (see section Vllb) and the rat 
Zambrano and DeRobertis (1966) 
Flament-Durand (1971). Similar 
granules also characterized the large 
Herring bodies within the internal 
layer of the rabbit, Duffy and Mene-
fee(1965),Clattenburg,Montemurro, 
Bruni and Singh (1973), and the rat, 
Rinne (1966), Scott and Knigge 
(1970), and the axon terminals which 
abut the vasculature of the rat 
neurohypophysis, Monroe and Scott 
(1966), Monroe (1967). That these 
granules contain the neurohy
pophyseal hormones oxytocin 
and vasopressin and their carrier 

neurophysins is presently well estab
lished. 

In addition to the typically large 
axons of the neurohypophyseal tract, 
the occasional axon profile charac
terized by the presence of smaller (70 
nm to 140 nm) DCV was also 
observed. The nature and origin of 
these vesicles is uncertain. Whether 
they contain the biogenic amine DA 
and originate within the somata of 
arcuate neurons cannot be stated. 
Other axon profiles orientated tan-
gentially to large axons of the 
neurohypophyseal tract and charac
terized by their size and dense fiber 
content (Fig. 19) are those of glial 
or ependymal tanycytes. 

According to the distribution and 
clumping of chromatin, the cell 
bodies observed within the ME inter
nal layer were identified as those of 
astrocytes and/or oligodendrocytes. 

The organization of the palisade 
layer is shown in Fig. 20. Clearly, 
the axon profiles here are smaller 
(0.3JJ-1.0JJ) than those of the adja
cent fibrous zone and are charac
terized by their content of numerous 
small DCV, typical synaptic-type 
vesicles, neurotubules and the occa

sional mitochondrion. Other profiles, 
identified as those of glial or epen
dymal tanycyte processes, course 
through the palisade layer to ter
minate in contact with the vascula
ture of the external layer. 

The ultrastructure of the contact 
zone is shown to better advantage 
in Fig. 21. The large capillaries of 
this zone are typically fenestrated 
and surrounded by a wide, irregular 
perivascular space (PVS). Thin (30 
nm - 50 nm) basal laminae surround 
the elements of the capillary wall, as 
well as separate the PVS proper from 
the surrounding brain parenchyma. 
Fig. 21 also illustrates the intimate 
spatial relationship between axon 
terminals and ependymal tanycyte 
profiles with the PVS of the contact 
zone. Several types of axon terminals 
can be identified on the basis of their 
vesicle content: 1) those containing 
homogenous populations of the small 
(35 nm-65 nm) synaptic-type vesicles 
and 2) those containing both synap
tic-type vesicles and larger DCV. 
Axon profiles or terminals containing 
large electron-dense granules identi
cal to those of the fibrous zone, were 
not seen within the external layer of 

^'*%?•&&. 

Figure 20. Portion of the palisade layer (PL) showing the nature and haphazard 
arrangement of cell processes. Compare with those within the small area of the 
internal layer (IL) included. Several processes identified as those of ependymal 
tanycytes of glial cells course through the PL and terminate in the contact zone 
(CZ). ME, female rabbit. X 10,000 
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Figure 21. Electron micrograph show
ing a small area of the ME contact 
zone. Portion of a large fenestrated 
capillary (c), the nature of the peri
vascular space (pvs) and the relation
ship of axon terminals (at) and 
ependymal tanycyte processes (Ep) 
with the pvs are illustrated. Synaptic 
vesicles (sv) and larger dense-core 
vesicles (arrows) occurred within the 
same or separate axon terminals. 
Female rabbit, 10 minutes post-coitus. 

X 13,800 

the rabbit ME, Duffy and Menefee 
(1965), Clattenburg et al (1973). 
Similar findings have also been 
reported for the rat, Monroe (1967) 
Scott and Knigge (1970), Rethelyi 
and Halasz (1970). 

The content and possible func
tional significance of the small synap-
tic-type vesicles within the mam
malian ME has been discussed in a 
recent study by Scott and Knigge 
(1970). Whether or not they are 
cholinergic in nature, or are directly 
associated with the events surround
ing the depletion of the larger DCV 
from the axon terminals of the ME 
external layer has never been clearly 
demonstrated at EM levels. 

The nature of the DCV observed 
within the external layer of the mam
malian ME, is not well established. 
Most ultrastructural studies of this 
ME region of both normal and experi
mental animals have been consistent 

in reporting only one population of 
DCV. The diameter ranges of 70 nm 
to 150 nm and means in the order 
of 100 nm, compare favourably with 
those sited (see section Vllb) for the 
DCV observed within the somata of 
arcuate neurons. On the basis of 
these data, it would seem therefore, 
that the RF and brain amines are con
tained within DCV which clearly can
not be ultrastructurally distinguished 
one from the other. Our recent find
ings within the ME external layer of 
the rabbit, Clattenburg et al (1973), 
as well as the ultrastructural findings 
within the ME external layer of the 
rat Rinne (1966), strongly oppose this 
view. According to Rinne (1966), the 
external layer of the rat ME 
. . . "contained such an amount 
of nerve fibers with only smaller 
(mean 1,000 A) or only the larger 
(mean 1,330 A) granules that one 
would be prepared to regard them as 
different neurosecretory products 
until further experiments provide 
evidence to the contrary''. Similarly, 
two distinct populations of DCV 
were observed within the external 
layer of the rabbit ME, Clattenburg 
et al (1973), a finding which is not 

Figure 22. Portion of the female rabbit 
ME external layer. Several axon 
profiles clearly contain a number of 
larger dense-core vesicles (dcvi), 
while others contain a homogeneous 
population of similar vesicles (dcv2), 
but of smaller diameter, pvs perivas
cular space. X 14,700 

in keeping with the earlier studies of 
the rabbit ME by Duffy and Menefee 
(1965). Furthermore, since the two 
populations of DCV occurred within 
separate axons and axon terminals 
(Fig. 22), differences in their chemical 
nature and origin are suggested. A 
plot of the diameters of these vesicles 
showing two peaks, one at 90 nm-100 
nm and the other at 120 nm-130 nm 
is shown in Fig. 23. These same two 

Figure 23. Distribution curves for the 
diameters of dense-core vesicles 
(DCV) and vesicle 'ghosts' within 
axons and terminals of control and 
experimental (post-coitus) animals. 
Controls—DCV (-• •), vesicle 
'ghosts' (-" "-) ; Post-coitus—DCV 
(-» «), vesicle 'ghosts' (-°—°-). 
Note the decrease in number of DCV, 
with peak distribution of 120-130 
nm and the increase in number of 
vesicle 'ghosts' after mating. 

populations of DCV were clearly evi
dent within separate axons and axon 
terminals of both non-mated control, 
and mated experimental rabbits Clat
tenburg et al (1973). Only the occa
sional membrane profile or 'vesicle 
ghost' was seen within the axon ter
minals abutting the PVS of the con
trols. However, at 10 minutes after 
m a t i n g , t h e r e was an o b v i o u s 
decrease in the number of the larger 
(120 nm-130 nm) DCV, together with 
a simultaneous marked increase in 
the number of 'vesicle ghosts' (Fig. 
23), particularly within axon termi
nals and profiles lying in close spatial 
relationship with the PVS (Fig. 24). 
On the basis of their size (a mean 
diameter of 137 ± 14 nm) it is sug
gested that they represent the larger 
DCV of the ME that have been 
depleted of their content following 
c o i t u s . S imi lar u l t r a s t r u c t u r a l 
changes involving the smaller (90 nm-
100 nm) DCV of the rabbit ME exter
nal layer, were never observed Clat-
tenberg et al (1973). 
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Figure 24. Electron micrograph show
ing several large axon terminals 
abutting the perivascular space (pvs) 
of the ME contact zone. Empty 
vesicles or vesicle 'ghosts' are 
common; several are in the process 
of depletion (arrows). Other terminals 
clearly contain a number of smaller 
dense-core vesicles (dcv2). 

X 18,000 

The small DCV seen within the 
external layer of the rabbit ME, like 
those observed within the ME of 
other mammalian species, are prob
ably DA in nature and originate from 
the somata of arcuate neurons Rinne 
(1966), Zambrano and DeRobertis 
(1968), Zambrano (1969), Scott and 
Knigge (1970). That DA does func
tion at ME levels to control 
adenohypophyseal activity has 
already been suggested Kordon and 
Glowinski (1972). 

The large (120 nm-130 nm) DCV 
of the ME external layer may contain 
a neurosecretion quite different from 
that of the smaller amine containing 
DCV. Certainly, it is known that 
coitus in the rabbit causes a rapid 
release of LH from the anterior lobe 
Hilliard et al (1964). Assuming that 
this release of LH is mediated by 
hypothalamic factors from the ME, 
such factors must also be released 
rapidly from their ME storage sites. 
Unquestionably, our finding of a tre
mendous increase in the number of 

'vesicle ghosts' within axon termi
nals abutting the PVS of rabbits sac
rificed at 10 minutes post-coitus, 
strongly supports this endocrinologi
cal phenomenon. Although the 
events surrounding this release of 
stored material are not known, our 
observations do not support release 
mechanisms similar to those reported 
recently by Stoekart, Jansen and 
Kreike (1972) for the rat. 

We have suggested that the large 
(120 nm - 130 nm) DCV observed 
within axon terminals of the rabbit 
ME contain the RF, Clattenburg et 
al (1973). Although the specific RF 
content cannot be determined by the 
present experiments; their intimate 
association with the activities of the 
anterior pituitary gland is strongly 
implicated. Furthermore, studies 
combining ultracentrifugation and 
bioassay techniques have shown that 
the large (120nm-140 nm) DCV within 
the horse ME do contain high RF 
activity Ishii et al (1969), Ishii 
(1970a), (1970b), (1972). 

At the present time, the precise 
site(s) of synthesis of the 120nm-140 
nm DCV is not known. It is felt how
ever, that the ultrastructural findings 
presented in this paper do provide 
further morphological evidence for 
the tenets that 1) the RF associated 
with gonadotrophic activity are 
synthesized, at least in part, within 
the somata of anterior hypothalamic 
neurons, and 2) that they are trans
ported via the axons of these 
neurosecretory neurons directly to 
their storage sites within the external 
layer of the ME, Tejasen and Everett 
(1967), Mess and Martini (1968), 
Mess (1969), Schneider, Crighton 
and McCann (1969), Crighton, 
Schneider and McCann (1970), Gor-
ski (1970), Tima(1971). 

SUMMARY 
(Continued from page 40) 

the conventional neuron as described by 
Peters, Palay and Webster (1970). 
However, following coitus, castration 
and laparotomy, many neurons of these 
nuclei showed subcellular changes that 
have been repeatedly associated with 
enhanced protein synthesis. These large 
'neurosecretory' neurons were usually 
located near capillaries and charac

terized by their well developed Rough 
endoplasmic reticulum (RER) and Golgi 
profiles, dense populations of mitochon
dria and lysosomes and by the presence 
of a homogeneous population of dense-
core vesicles (DCV) showing a peak dis
tribution of 120-140 nm. Since similar 
neurons were not observed within the PO 
and SCH of the normal control rabbit 
it is suggested that we were observing 
functional states of the same type of 
neuron and that these ultrastructural 
changes occur in response to endocrine 
manipulation. 

Two types of neurons described as 
'pale' and 'dark' were observed within 
the arcuate nucleus of both the control 
and experimental female rabbit. Ultra-
structurally, these neuron types were 
identical to those described by other in
vestigators for the rat. It has been sug
gested that the 'pale' and 'dark' neurons 
of this hypothalamic nucleus represent 
functional states of the same type of 
cell. However, increases in the ratio of 
'dark' to 'pale' neurons as observed 
within the arcuate nucleus of the rat 
following castration, were not seen in 
the rabbit. Similar findings were also 
not evident within the arcuate nucleus 
of the female rabbit following coitus. 

As far as could be determined, all 
neurons of the ventromedial (VMN) nuc
lei of both the control and experimental 
rabbit were morphologically identical to 
the smaller, conventional type neuron. 
Certainly, ultrastructural changes 
similar to those observed within the PO 
and SCH nuclei of the female rabbit fol
lowing coitus, castration or laparotomy, 
were never observed. 

The basic zonation and subcellular 
organization of the female rabbit Median 
Eminence (ME) is similar to that 
described for other mammalian species. 
Our EM findings within the external layer 
of the rabbit ME, however, are not 
entirely in agreement with the earlier 
study of Duffy and Menefeef 1965). These 
investigators reported only one popula
tion of DCV within the axon terminals 
of the rabbit ME external layer. We feel 
that we have ultrastructural evidence for 
the presence of at least two distinct popu
lations of DCV within this layer of the 
rabbit ME. Furthermore, since these ves
icle populations occurred within separate 
axon profiles and terminals, differences 
in their content and origin are suggested. 

Certainly, the relationship between 
releasing factors (RF) and the various 
populations of DCV observed within the 
external layer of the mammalian ME is 
not well established. The smaller (90 nm 
- 100 nm) DCV we have observed prob-
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ably contain the catecholamines, while 
those of larger (120 nm - 140 nm) diame
ters may well represent the carriers of 
the RF associated with gonadotropic 
activity. The latter view is based primar
ily on our finding or numerous 'vesicle 
ghosts' within the axon terminals abutt
ing the perivascular space (PVS) of por
tal capillaries of rabbits sacrificed at 10 
minutes post-coitus. The mean diameters 
of 137+14 nm obtained for these ghosts 
strongly supports the suggested deple
tion of only the larger of the two DCV 
populations. Similar changes were not 
apparent within the axon terminals con
taining homogenous populations of only 
the smaller DCV. 

Unquestionably, the precise 
hypothalamic synthesis sites for the 
RF associated with control of 
adenohypophysealfunction, continues to 
provoke comment. From the results 
obtained from countless studies that have 
employed a variety of neuroendocrinilog-
ical techniques, two main hypothalamic 
centers of RF synthesis have been sug
gested: a) the medial basal hypothala
mus (MBH) or hypophysiotropic area 
(HTA) and b) the anterior hypothala
mus. The ultrastructural studies carried 
out to date within this laboratoiy are 
in favour of the latter for the follow
ing reasons: 

1) — the presence of large DCV and 
'vesicle ghosts' within the external layer 
of the rabbit ME with diameters similar 
to those of the large (120-150 nm) DCV 
synthesized within the PO and SCH nuc
lei of the same animal in response to 
coitus, castration and laparotomy. 

2) — the absence of evidence for the 
storage of these large DCV within the 
somata of PO and SCH nuclei, suggest
ing their immediate transport toward the 
ME. 

3) — the absence of any ultrastructural 
changes within neuron somata of the rab
bit arcuate nuclei which might reflect 
enhanced neurosecretory activity in 
response to coitus and I or castration. 

These ultrastructural findings within 
the rabbit hypothalamus may, therefore, 
provide the first evidence of a morpholog
ical nature for the actual release of RF 
from their ME storage sites, as well as 
their synthesis within certain neurons of 
the anterior hypothalamus. 

RESUME 
(Suite de la page 40) 

morphologie au neurone conventionnel, 
tel que decrit par Peters, Palay et Web
ster (1970). Cependant, a la suite de 

coitus, castration et laparotomie, 
plusieurs neurones de ces noyaux demon-
trerent nettement des changements sub-
cellulaires, tels que relies a de multiples 
occasions antecedentes, a une aug
mentation de synthese de proteine. 
Ces derniers neurones volumineux, 
"neurosecretoires", furent situes le plus 

frequemment aupres des capillaires, 
etant caracterises surtout de leur profits 
RER et Golgi accentues, de denses popu
lations de mitochondres et lysosomes, 
ainsi que d'une population homogene de 
DCV, avec distribution de "peak" de 120 
a 140 nm. Puisque des neurones sembl-
ables ne furent pas observes aux noyaux 
PO et SCH chez le lapin normal de con
trole, on suggere qu'il s'agit en effet 
dobservations d'etats fonctionnels dif 
ferents du meme type de neurone, et que 
ces changements ultra-structurels sur-
viennent en reponse a une manipulation 
endocrinienne. 

Deux types de neurone, decrits "pale" 
et Fonce", furent observes au noyau 
arcue chez le lapin de controle, ainsi que 
chez I'animal femelle experimentaire. 
Quand a leur aspect ultra-structurel, ces 
types de neurones sont identiques a ceux 
decrits par d'autres chercheurs chez le 
rat. Que les neurones "pales" et 
"fonces" de ce noyau hypothalamique 
representent de differents etats 
fonctionnels du meme seul type de 
cellule, a deja ete suggere. Cepen
dant, une augmentation du ratio de 
neurones "fonces", par rapport a 
"pales," telle que rapportee au noyau 
arcue chez le rat a la suite de castration, 
ne fut pas observee chez le lapin. Non 
fut tel changement evident au noyau 
arcue du lapin femelle a la suite de coitus. 

En autant que se puisse etre evalue, 
tous neurones du noyau VMN du lapin 
controle, ainsi que de celui experimen
taire, furent identiques quant a la 
morphologie a celui conventionnel, petit. 
Certainement, aucun changement ultra-
structurel, tel que ceux aux noyaux PO 
et SCH, de la lupine, suivant coitus, cast
ration et laparotomie, ne furent observes. 

Organisation essentielle zonaire et 
sous-cellulaire de ME hypophysaire de 
la lapine est semblable a celle d'autres 
especes mamelliennes. Nos propres 
observations avec microscope-electrone 
a la couche exterieure de ME chez le lapin 
cependant, ne sont pas parfaitement 
d'accord avec celles des etudes 
antecedentes de Duffy et Menefee( 1965). 
Ces derniers rapporterent une seule 
population de DCV a I'interieur de ter-
minaux axonaires de la couche externe 
ME chez le lapin. Nous croyons plutot, 
d'apres des evidences ultra-structurelles, 

qu'il y ait au mains deux populations dif 
ferentes de DCV a cette couche de ME 
chez le lapin. De plus, puisque ces popu
lations de vesicules furent apparentes a 
I'interieur de profiles et terminaux 
axonaires independants, nous suggerons 
des differences quand a leur contenu et 
leur origine. 

Certes, /'association de RF aux popu
lations multiples de DCV observees a la 
couche externe ME de mamelles est mal 
connue. Les DCV plus petites (90nm 
a lOOnm), que nous observons, contien-
nent probablement les catecholamines, 
tandis que celles de plus grande dimen-
tion (120nm a 140nm), sont possible-
ment porteuses du RF associe a I'activite 
gonado-tropique. Cette derniere impres
sion est tiree surtout de notre observation 
de nombreuses vesicules depletees 
("vesicules fantomes"), a I'interieur des 
terminaux axonaires, aboutant a 
I'espace perivasculaire (PVS), de capil
laires portales chez les lapins, sacrificies 
a 10 minutes post-coitus. La moyenne des 
diametres de 137 plus ou moins I4nm 
de ces vesicules fantomes suggere forte-
ment depletion selective de seulement les 
plus volumineuses des deux populations 
DCV. Des changements comparables 
n'etaient pas apparents aux terminaux 
axonaires, contenant des populations 
homogenes, seulement de DCV plus 
petites. 

On sait que la question des sites 
precis de synthese hypothalamique de 
RF, relie au controle de fonction 
adenohypophysaire, n est pas fmalement 
resolue. D'apres les resultats de nom
breuses etudes employant de differentes 
techniques neuro-endocrinologiques, 
deux principaux centres de synthese 
hypothalamique de RF sont proposes: a) 
MBH ou HTA et, b) I'hypothalamus 
anterieur. Etudes ultra-structurelles jus-
qu'ci date a ce laboratoire sont plutot en 
faveur de synthese a I'hypothalamus 
anterieur, pour les raisons suivantes: 

I.—La presence de DCV volumineuses 
et de vesicules fantomes a la couche 
externe de ME hypophysaire chez le 
lapin, celles-ci de diametre semblable 
aux grandes (120 a I50nm) DCV syn-
thetises a I'interieur des noyaux PO et 
SCH, du meme animal a la suite de 
coitus, castration et laparotomie. 

2.—L'absence d'evidence de storage de 
ces DCV volumineuses aux neurones des 
noyaux PO et SCH, suggerant leur trans
port immediat au ME. 

3.—L'absence d'aucun changement 
ultra-structurel au soma neuronal du 

noyau arcue chez le lapin, tel qui pour-
rait refleter d'activite neurosecretoire 
augmentee par coitus et/ou castration. 
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Ces observations ultra-structurelles a 
I'interieur de Vhypothalamus chez le 
lapin, pourraient done nous apporter la 
premiere evidence morphologique du 
relachement actuel de differentes RF de 
sites de storage au ME, ainsi que de leur 
synthese a I'interieur de neurones de 
l'hypothalamus anterieur. 
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