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ABSTRACT In the arcuate nucleus of the normal rat there are two types of neu- 
rons. One of them is characterized by a dense cytoplasmic matrix, dilated endoplasmic 
reticulum cisternae and well developed Golgi complexes; the other cell type by a paler 
overall appearance. In both of them granulated vesicles of about 1OOOA in diameter 
with a core of variable density are present. The frequent association between these 
vesicles and the Golgi complex suggests that they are formed in relation to this or- 
ganoid. The presence of lysosomes and multivesicular bodies and their close relation- 
ship with granulated vesicles is analyzed. 

The neuropil of the nucleus is constituted by axons, dendrites and glial processes. 
The majority of the axon profiles and nerve endings contain a mixed population of 
clear and granulated vesicles, the latter having a diameter ranging between 600 to 
1300 A. 

The finding of granulated vesicles in arcuate neurons is discussed in relation with 
the known monoamine content of them and the dopaminergic nature of the fibers that 
form the tuberoinfundibular tract. It is suggested that these granulated vesicles con- 
tain primary monoamines. 

Carlsson, Falck and Hillarp ('62) using 
the histochemical fluorescence method for 
catecholamines described a group of small 
nerve cells having weak green fluorescence 
located in the lateral walls of the third 
ventricle above the median eminence. His- 
tochemical and pharmacological criteria 
for the specificity of the fluorescence re- 
action led to interpret these neurons as 
containing mainly dopamine and probably 
noradrenaline (Fuxe, '63; Dahlstrom and 
Fuxe, '64). Anatomically such nerve cells 
belong to the arcuate nucleus and to the 
ventral part of the anterior periventricular 
nucleus, both forming group A 12 of Dahl- 
strom and Fuxe ('64). These neurons give 
rise to fluorescent nerve fibers that form a 
tract, probably identical to the tuberohy- 
pophyseal tract (Spatz, '51; Szentagothai et 
al., '62), ending in the external zone of 
the median eminence in relation with the 
primary capillary loops of the hypophyseal 
portaI plexus. In amphibians it was re- 
cently demonstrated that some of these 
fibers give monoaminergic nerve supply 
to the intermediate hypophyseal lobe (Ene- 
mar and Falck, '65; Iturriza, '66; Enemar 
et al., '67). The histochemical characteris- 
tics of such nerve fibers and terminals de- 
void of neurosecretory material (aldehyde 

ANAT. REC., 160: 239-254 

fuchsin negative) also suggest that they 
contain dopamine and probably noradren- 
dine (Fuxe, '63, '64, '65). The existence of 
such a dopaminergic tuberoinfundibular 
system has recently received support from 
experimental work in which results of 
pharmacological treatment and lesions of 
the median eminence were studied (Fuxe 
and Hokfelt, '66). 

The ultrastructure of the distal part of 
this dopaminergic system has been exten- 
sively studied (see DISCUSSION), but its 
proximal part, i.e. the neurons of the arcu- 
ate and anterior periventricular nuclei has 
received less attention. 

In this paper we will describe the ultra- 
structural characteristics of the arcuate 
nucleus of the normal rat particularly in 
relation to the neuronal perikarya. "Dark" 
and "pale" neurons both containing granu- 
lated vesicles will be described. 

MATERIAL AND METHODS 

Adult rats of the Wistar strain weighing 
150-200 gm were killed by decapitation. 
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Frontal brain slices of about 1-2 mm con- 
taining the anterior part of the arcuate 
nucleus were cut and immersed in cold 
3% glutaraldehyde (Sabatini et al., ’63) 
in 0.1 M phosphate buffer pH 7.4. After 
varying periods of time, with the help of 
the stereotaxic atlas of Konig and Klippel 
(’63), the arcuate nucleus was identified 
in the slice and dissected under a binocu- 
lar stereomicroscope at 20 X. The slices 
were also examined under a light micro- 
scope and the zone under study more 
exactly confirmed (fig. 1). After being 
washed in 0 . 3 M  sucrose in the same 
buffer, the blocks were “refixed’ in 1.5% 
buffered osmium tetroxide, transferred to 
a 2% aqueous solution of uranyl acetate, 
dehydrated in ethanol and embedded in 
Epon 812 according to the procedure of 
Luft (’61), All the above mentioned pro- 

cedures were carried out at 0-4°C. The 
sections were stained with lead citrate 
(Reynolds, ’63) and examined in a Zeiss 
EM 9-A electron microscope. 

OBSERVATIONS 

At low magnification of the electron 
microscope the arcuate nucleus shows a 
variety of nerve cell perikarya, glial cells 
and a neuropile containing axons, den- 
drites, synaptic endings and glial processes 
(fig. 2). Two types of neurons may be dis- 
tinguished on the basis of some morpho- 
logical parameters. In one cell type there 
is a rather dense cytoplasmic matrix which 
confers to the perikaryon an overall “dark” 
appearance. The nucleus is rather irregu- 
lar with a folded and often dilated nuclear 
envelope. There are numerous polyribo- 
somes free in the matrix and some attached 

Fig. 1 Photomicrograph of a frontal section through the anterior hypothalamus of the rat 
involving the third ventricle (111) and the median eminence (ME) .  The area outlined in  the square, 
corresponding to the arcuate nucleus was excised and studied under the electron microscope. Nissl 
stain. X 100. 
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to the cisternae of the endoplasmic 
reticulum. Another contrasting feature 
with the “pale” cell type is given by the 
dilatation of the cisternae of the vacuolar 
system. “Dark” neurons have large Golgi 
complexes located in the perinuclear zone 
and consisting of curved and dilated cis- 
ternae with a concentric disposition (figs. 
3, 5).  In close relationship with the Golgi 
complex there are dense cored vesicles of 
about 1000 A in diameter having a clear 
rim around the granule. Few of such 
vesicles are observed in other areas of the 
cytoplasm. The density of the core varies 
considerably, especially in those vesicles 
more in proximity to the Golgi complex 
(fig. 5). Ocasionally an amorphous mater- 
ial is found within the Golgi cisternae. 
Such observation suggest a process of 
formation and maturation of the granu- 
lated vesicles related to the Golgi complex. 
Also in this neighborhood there are large 
dense bodies of 3-4000 A having morpho- 
logical characteristics of lysosomes. Some 
of these are uniformly dense but others are 
rather polymorphic and contain concentric 
membranes and even some granulated 
vesicles. Some lysosomes having clear 
vacuoles inside (fig. 6 )  may correspond to 
the vacuolated bodies or vacuolated dense 
bodies described in other cell types (Miller 
and Palade, ’64; Holt and Hicks, ’61). Also 
in the proximity of the Golgi complex some 
multivesicular bodies may be observed 
(figs. 5, 6).  

The “pale” neuronal type has a more 
spherical nucleus and a less dense cyto- 
plasmic matrix with fewer ribosomes (fig. 
2) .  There are also fewer cisternae in the 
endoplasmic reticulum and these are rather 
flattened. In the perinuclear zone there 
are cisternae and vesicles of the Golgi 
complex but this is altogether less devel- 
oped than in the “dark” type of neuron 
(fig. 4) .  Also here a few granulated ves- 
icles and a variety of intermediate forms 
with the Golgi type of vesicle may be 
recognized. In this “pale” type of cell 
mitochondria appear to have a denser 
matrix and well defined crests, there are 
few typical lysosomes and less polymorphic 
ones. 

The axons observed in the neuropil are 
predominantly unmyelinated with a diam- 
eter ranging from 0.2 ~1 to 2.2 p. Some 

of these axons make synaptic contact with 
dendrites and perikarya of both nerve cell 
types and are characterized by a mixed 
population of vesicles: clear vesicles of 
about 400-500 A in diameter and granu- 
lated vesicles with diameters ranging from 
600 to 1400 A with a mean of 1100 A 
(fig. 6).  These vesicles contain a dense 
cure and a clear halo interposed between 
the dense core and the surrounding mem- 
brane. At higher magnification this mem- 
brane reveals a trilayered structure. The 
proportion of the two types of vesicles 
varies in the different endings but nerve 
terminals containing exclusively clear 
vesicles are ocasionally observed. 

DISCUSSION 

The present paper demonstrates the exis- 
tence of “dark” and “pale” neurons in the 
arcuate nucleus of the rat. Both types 
contain granulated vesicles, while in the 
neuropil there are unmyelinated axons and 
endings with a mixed population of clear 
and granulated vesicles. 

The existence of “dark and “pale” 
neurons in the central nervous system has 
been a controversial matter since the light 
microscope demonstrated the presence of 
cells having a much more abundant ergas- 
toplasm than others and such a discussion 
has also brought to the ultrastructural 
level (see Gonatas, ’66). Recently “dark” 
and “pale” types of neurons were described 
in the ganglion cell layer of the retina 
(Pellegrino de Iraldi and Jaim Etcheverry, 
’67a). Since on purely morphological 
grounds it is difficult to interpret the signif- 
icance of the two cell types of the arcuate 
nucleus, histochemical and experimental 
evidence is needed. 

The close association of the Golgi com- 
plex, lysosomes and secretory vesicles is 
a problem of broad interest (see Novikoff 
et al., ’64). A relationship between Golgi 
complex and the formation of catechol- 
containing droplets was postulated by De 
Robertis and Sabatini (’60) in the adreno- 
medullary cells of the hamster. The co- 
existence of Golgi complex elements, lyso- 
somes and granulated vesicles in close 
vicinity was observed in the monoamin- 
ergic neurons of substantia nigra (Bak, 
’67) and of the retina (Pellegrino de Iraldi 
and Jaim Etcheverry, ’67a). In arcuate 
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neurons these organelles may play some 
important role in the processes of synthesis 
and metabolism of the material contained 
in the granulated vesicles. The presence 
of such vesicles in close relation with 
lysosomes and multivesicular bodies in 
these neurons suggest the existence of a 
mechanism of intercellular disposal of 
secretory products in a way similar to that 
recently postulated by Smith and Farquhar 
('66) in adenohypophyseal cells. 

The granulated vesicles have been iden- 
tified as the site of storage of norepine- 
phrine in various territories. Different 
authors demonstrated that catecholamines 
are stored in electron-dense vesicles or 
droplets of large size (900-2500 A)  in the 
adrenomedullary cells of different species 
(Hillarp et al., '53; Lever, '55; Sjostrand 
and Wetzstein, '56; De Robertis and Vaz 
Ferreira, '57). Much smaller granulated 
vesicles (400-600 A) were described and 
interpreted as the site of storage of nore- 
pinephrine by De Robertis and Pellegrino 
de Iraldi ('61a, b)  in sympathetic nerves. 
That these vesicles also found in other 
autonomic territories (Lever and Esterhui- 
Zen, '61; Richardson, '62, '64) contain 
norepinephrine was demonstrated in a 
series of investigations from this laboratory 
(Pellegrino de Iraldi and De Robertis, '61, 
'63; see Pellegrino de Iraldi et al., '64; 
Pellegrino de Iraldi and Zieher, '66) which 
received supporting evidence from other 
experimental approaches (Wolfe et al., 
'62; Van Orden et al., '66). Granulated 
vesicles of the intermediate type ( 8 0 0 ~  
1700 A )  were first described in axons and 
nerve endings of the anterior hypothalmus 
of the rat by Pellegrino de Iraldi, Farini 
Duggan and De Rcbertis ('63) and inter- 
preted as the possible site of storage of 
norepinephrine. Cell fractionation studies 
of the hypothalmus (De Robertis et al., 
'65) as well as pharmacological treatments 
(Matzuoka et al., '65; Ishii et al., '65; 
Hashimoto et al., '65), autoradiographic 
studies on the incorporation of labeled 
amines (Aghajanian and Bloom, '66) and 
histochemical studies (Wood, '66) gave 
further experimental evidence to that 
hypothesis. 

Using fluoresence microscopy Fuxe ('65) 
described noradrenergic fibers in the arcu- 
ate nucleus which is also in line with the 

presence of granulated vesicles in axons 
and nerve endings. 

The localization of monoamines in 
perikarya of the central nervous system 
is still a matter of controversy. In various 
nuclei several authors (Fuxe et al., '65; 
Lenn, '65; Fuxe et al., '66) have failed to 
observe a correlation between granulated 
vesicles and monoamine content. In 
perikarya of dopaminergic neurons of 
substantia nigra (Bak, '67) and retina 
(Pellegrino de Iraldi and Jaim Etcheverry, 
'67) granulated vesicles were observed. 
In these cases as well as in the presently 
described neurons of the arcuate nucleus 
they corresponded to the intermediate 
type of Pellegrino de Iraldi and De Robertis 
('64). 

Since it is well demonstrated (Spatz, 
'51; Szentagothai et al., '62; Fuxe and 
Hokfelt, '66) that numerous axons from 
the arcuate nucleus end in the external 
or palisade zone of the median eminence, 
it is appropiate to mention that various 
investigators have found in it unmyelinated 
axons with clear and granulated vesicles, 
these ranging in size between 800-1300 
A and which can be distinguished from 
the larger neurosecretary granules of 
the hypothalmus-neurohypophyseal tract 
(Barry and Cotte, '61; Dufy and Menefee, 
'65; Mazzuca, '65; Rohlich et al., '65; Seitz, 
'65; see Kobayashi, '64; Kobayashi et al., 
'66; Rinne, '66; Monroe, '67; see Streefkerk, 
'67). This finding together with the high 
concentration of monoamines in this 
region (Carlsson et al., '62; Fuxe, '64) has 
been interpreted as evidence supporting 
the monoaminergic nature of these granu- 
lated vesicles (see Kobayashi, '64; Rohlich 
et al., '65; Kobayashi et al., '66; Rinne, '66; 
see Streefkerk, '67). Pharmacological ex- 
periments also tend to support this view 
(Rinne and Arstila, '66; Streefkerk, '67; 
Matsui, '67; Pellegrino de Iraldi and Jaim 
Etcheverry, '67b) although some doubts 
have been introduced by the results 
of Mazzuca ('65) and Monroe ('67). The 
latter concludes that there is not conclu- 
sive evidence in the correlation between 
the granulated vesicles and monoamines, 
stating that "the possibility that the dense 
cored vesicles contain specific releasing 
factors is still quite real." If this were the 
case the granulated vesicles of the arcuate 
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neurons would represent the secretion of 
such polypeptides. 

Although it seems early to establish a de- 
finite association between the granulated 
vesicles of arcuate neurons and the high 
monoamine content revealed by fluores- 
cence microscopy (Dahlstrom and Fuxe, 
’64), all the evidences in favor of the 
monoaminergic nature of these vesicles 
are highly suggestive. 

This study is intended to serve as a basis 
for future work on the morphological as- 
pect of these neurons in different physio- 
logical and experimental conditions. 
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PLATE 1 

EXPLANATION O F  FIGURE 

2 Low power electron micrograph of the arcuate nucleus. The neuron 
in the left of the field corresponds to the “pale” type of our description. 
The rounded nucleus ( N )  and the clear cytoplasm are characteristic 
of this cell. The one in the lower right corner corresponds to the 
“dark” type of neuron. It is characterized by an irregular nucleus 
(N) and a darker cytoplasmic matrix. In the Golgi zone (G) of this 
cell granulated vesicles are observed (arrows). In the upper right 
corner, a portion of a “dark neuron” is seen. Between the cells 
unmyelinated axons ( A )  having a mixed population of clear and 
granulated vesicles are present. X 11,850. 
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PLATE 2 

EXPLANATION O F  FIGURE 

3 Arcuate nucleus nerve cell of the "dark" type. The irregular nucleus 
(N) and the dark appearance of its cytoplasm are prominent char- 
acteristics of this type of cell. The Golgi complex ( G )  is well developed 
and located in the perinuclear zone. Numerous polyribosomes and 
ribosomes attached to the dilated endoplasmic reticulum cisternae 
are seen. Granulated vesicles of varying densities (arrows) and with 
a diameter of about 1000 A are present in  the cytoplasmic matrix. 
Some are also associated with components of the Golgi complex. 
Mitochondria, lysosomes (Ly) and multivesicular bodies (Mv) are 
also seen. X 23,100. 
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PLATE 3 

EXPLANATION O F  FIGURE 

4 A “pale” neuron of the arcuate nucleus. The nucleus ( N )  exhibits 
a regular contour and the cytoplasmic matrix has an overall pale 
appearance. In the Golgi complex ( G )  located in the perinuclear 
zone granulated vesicles can be observed (arrows). Mitochondria, 
lysoscmes (Ly) and multivesicular bodies (Mv) are also seen. A 
portion of the cytoplasm of a glial cell ( G C )  is observed in the left 
margin of the field. >: 23,100. 
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PLATE 4 

EXPLANATION O F  FIGURES 

5 The Golgi zone of a “dark” type of neuron. Granulated vesicles 
(arrows) of varying size and density of the dense core appear in  the 
vicinity of the Golgi complex (G).  A polymorphous lysosome (Ly) 
and a multivesicular body (MV) are also present in this region. The 
cytoplasmic matrix of this cell is dense and the free polyribosomes 
and ribosomes attached to the endoplasmic reticulum cisternae are 
abundant. x 53,100. 

A lysosome (Ly) and a multivesicular body (Mv) are observed in the 
cytoplasm of a “dark” cell type. The lysosome having an area of 
low density, corresponds to the so-called vacuolated dense bodies. 
The association of granulated vesicles (arrows) with lysasomes and 
multivesicular bodies is frequently seen in these neurons. On the 
right side of the figure an axon (A) containing granulated vesicles 
and making synaptic contact with the cell soma is observed. 

6 

x 55,800. 
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