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Summary. The distribution of vasotocin-like peptides in 
the central nervous system of the cartilaginous fish Scy- 
liorhinus canicula was determined by indirect immuno- 
fluorescence and peroxidase anti-peroxidase techniques, 
using a specific antiserum raised in rabbits against syn- 
thetic vasotocin. Immunoreactive perikarya were mainly 
detected in the anterior hypothalamus, within the mid- 
caudal part of the preoptic nucleus. The most rostral 
positive cell bodies were located in the dorso-lateral 
parts of the preoptic area, whereas at a more caudal 
level, they took a ventro-medial position within the deep- 
est layers of the nucleus. Throughout the preoptic region 
these cells varied in shape according to their location. 
Occasionally, scattered vasotocin-like immunopositive 
cells were also identified in the nucleus periventricularis 
hypothalami. Vasotocin immunoreactivity was detected 
in numerous varicose nerve fibers of the preoptico- 
hypophysial tract. These fibers were seen to course 
through the medio-basal hypothalamus and caudally, 
after having passed the hypophysial stem, they reached 
the neurointermediate lobe of the pituitary. Numerous 
immunoreactive fibers were also observed within the ros- 
tro-medial region of the median eminence. At this level 
the fibers were in close proximity to the capillary loops. 
In the preoptic region, some stained cells exibited short 
processes that appeared to contact non-reactive peri- 
karya. By comparing the distribution of vasotocin- and 
corticotropin-releasing factor immunoreactivity on adja- 
cent thin serial sections, it was revealed that these pep- 
tides, in S. canicula, do not coexist in the same perikarya. 
The present results, are compared with those obtained 
in other vertebrate groups, and their possible functional 
implications are discussed. 
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The neurohypophysial homones are particularly useful 
evolutionary tracers. They are all based on a small mole- 
cule composed of 9 amino acids, and substitutions of 
one or more of these amino acids result in at least 10 
different hormones that have been found in the different 
classes of vertebrates (Acher 1985). According to the 
hormones discovered in mammals, the different neu- 
rohypophysial hormones can be clustered in vasopres- 
sin-like and oxtocin-like peptides. 

Within the family of vasopressin-like peptides, vaso- 
tocin has been found in all vertebrate groups except in 
adult mammals (Acher 1985). 

Several studies have detailed the immunocytochemi- 
cal distribution of vasopressin-like peptides in a variety 
of species (for reviews see: Dierickx 1980; Buijs 1987; 
Korf et al. 1988). Most of the neurosecretory cells are 
located in hypothalamic nuclei that are mainly involved 
in the well-known hypothalamo-neurohypophysial sys- 
tem. More recently, it has been established that in addi- 
tion to this hormonal system, an extensive vasopressin- 
like fiber network, arising inside and outside the hypo- 
thalamus, also projects to extrahypothalamic regions in 
the brain, thus suggesting a neuromodulator and neu- 
rotransmitter function. In fish, the location of vasotocin- 
immunoreactive systems has only been investigated in 
teleost species (Goossens et al. 1977a; Schreibman and 
Halgner 1980; van den Dungen et al. 1982; Yulis and 
Lederis 1987; Olivereau et al. 1988). These studies have 
demonstrated that immunoreactive cell bodies are con- 
centrated in the preoptic area; vasotocin-containing neu- 
rons project through the basal hypothalamus to the pi- 
tuitary. Only in the trout, Salmo gairdneri, have some 
immunoreactive fibers also been detected outside the hy- 
pothalamus (van den Dungen et al. 1982). 

To our knowledge, no study has been undertaken 
to determine the location of vasotocin-containing neu- 
rons in the brain of elasmobranchs. 

The present investigation reports findings of immu- 
nocytochemical studies aimed at characterizing the dis- 
tribution of vasotocin-like substances in the brain and 
pituitary of the elasmobranch fish, Scyliorhinus canicula. 
The possible coexistence of vasotocin- and CRF-like im- 
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monoreactivity in the same neurons has also been inves- 
tigated. 

Materials and methods 

For the present study 12 mature male and female dogfish (Scylior- 
hinus canicula) were used. The animals were captured by trawl 
net in the Ligurian sea (Western Mediterranean). They were fished 
in June and kept in filtered aerated aquaria at a constant tempera- 
ture (13 _+0.5 ~ C), and under natural light-dark cycles, for 1 week. 
The animals were first anesthetized by putting them in a small 
tank containing trieaine methanesulfonate (MS 222, Sandoz; 
100 rag/liter seawater) and then perfused through the ventral aorta 
with cold saline-phosphate buffer (PBS) (0.05 M ; pH 7.4). The per- 
fusion was subsequently continued with either a solution of 4% 
paraformaldehyde in PBS, or alternatively, with Bouin's fixative. 
The brains, with the attached pituitary, were removed and post- 
fixed overnight in the respective fixative solutions. Bouin-fixed 
brains were dehydrated in ethanol, cleared in xylene and embedded 
in paraffin; serial 5-gin-thick sections were cut in the transverse 
and sagittal planes. Paraformaldehyde-fixed brains were trans- 
ferred into a PBS-20/30% sucrose solution for 24 h at 4 ~ C; the 
brains were frozen on dry-ice and 20-gm-thick sections were cut 
in a cryostat ( -  18 ~ C). The sections were then processed by either 
an immunofluorescence technique (Coons et al. 1955) or by the 
peroxidase-antiperoxidase technique (PAP) (Sternberger 1979). 

The sections processed for immunofluorescence labelling were 
first treated with normal swine serum (Dakopatts, DK) (0.7 mg/ml) 
for 20 min, then incubated at 4 ~ C for 18 h in a moistened chamber 
with anti-vasotocin serum, provided by Dr. D.A. Gray, Bad Nau- 
heim, FRG (Gray and Simon 1983). The antiserum was raised 
in rabbits against synthetic vasotocin, and was diluted 1:1200 with 
a 0.3% Triton X-100/PBS solution containing 1% human serum 
albumin. Alternate serial sections were treated with ovine anti corti- 
cotropin-releasing factor serum (CRF) (UCB, Belgium), to check 
possible coexistence with vasotocin in the same perikarya. Thereaf- 
ter, the sections were thoroughly rinsed in several baths of PBS 
and incubated for 1 h at room temperature in fluorescein isothio- 
cyanate-conjugated swine anti-rabbit gammaglobulins (Dakopatts, 
DK) diluted 1:100 in PBS. Finally, the sections were washed 3 
times in PBS and mounted in a glycerol-PBS (1:1) solution and 
examined under a Zeiss epifluorescence microscope. 

The sections processed for the PAP method were treated with 
vasotocin antiserum, diluted 1:1200, as described above. After be- 
ing washed in PBS, the slides were treated with swine antiserum 
to rabbit gammaglobulins (Dakopatts, DK; diluted 1:500) for 1 h 
at room temperature, and then with rabbit peroxidase-antiperoxi- 
dase complex (Dakopatts, DK; diluted 1:400) for a further hour. 
The antigens were visualized using 3,3'-diaminobenzidine tetrahy- 
drochloride (DAB, Sigma) and 0.01% hydrogen peroxide in PBS 
solution. Alternate sections were counterstained with cresyl violet 
to determine the localization of the immunopositive structures. 

In order to check the specificity of the immunoreaction, con- 
trols were subjected to immunohistochemical procedures in which 
one of the steps was omitted, or by preabsorbing the primary anti- 
sera with synthetic homologous peptides (Bachem, Budenford, 
Switzerland) (10-6 M). In some experiments the primary antiserum 
was replaced by non-immunized rabbit serum or PBS. Nomencla- 
ture used in this study to describe the anatomical regions of the 
brain was based on the work of Smeets et al. (1983). 

Results 

General distribution of  vasotocin immunoreactivity 

Cell bodies and nerve fibers containing vasotocin-like 
immunoreactivity were found in the hypothalamus of  

all examined specimens. No specific immunopositive 
products were observed in consecutive sections treated 
with antiserum preabsorbed with the homologous anti- 
gen or with the normal non-immunized rabbit serum. 
We have not characterized the cross-reactivity of  the an- 
tiserum against isotocin (a nonapeptide of  the same fam- 
ily which is present in other fishes) because older data 
have demonstrated that this peptide is not  present in 
the elasmobranchs (Matty 1985). 

Vasotocin-like immunoreactive perikarya were de- 
tected primarily throughout  the mid-caudal region of 
the preoptic nucleus. The most rostral immunoreacting 
elements were located in the dorso-lateral parts of  the 
medial preoptic area (Fig. 1). Proceeding more caudally 
the neurons took a ventromedial position. They were 
densely packed within the deepest layers of  the nucleus, 
and formed a continuous population extending to the 
suprachiasmatic level, with the main concentration lo- 
cated towards the caudal part of  the preoptic recess. 
Figure 1 also shows the reported distribution of  cortico- 
tropin-releasing factor (CRF)-positive cells recently de- 
scribed in the preoptic nucleus of  the same cartilaginous 
fish (Vallarino et al. 1989a). These cells occur in the 
anterior and medial parts of  the preoptic nucleus, gener- 
ally located in the subependymal layers (Figs. 1 a-c). In 
the medial part  of  the nucleus, which contains both CRF  
and vasotocin-immunoreactive cells, they are located in 
mid position, along the ventral walls of the preoptic 
recess. This location of  CRF cells, was also confirmed 
in the present study in the adjacent serial sections of  
the preoptic nucleus which were treated with anti vasoto- 
cin- and anti CRF-sera, respectively. The rostral vasoto- 
cin-like immunostained cells were intensively reactive 
and showed fine processes with a caudo-latero-ventral 
direction (Fig. 2). At more caudal levels the immunore- 
active cells were ventro-medially arranged, closely 
packed to form clusters within the inner component  of  
the preoptic nucleus (Fig. 3). Occasionally, scattered va- 
sotocin-like immunostained cells were identified in the 
postchiasmatic region within the nucleus periventricular- 
is hypothalami. These cells were small in size and sparse- 
ly distributed in the dorsal wall of  the periventricular 
area (Fig. 4). 

Vasotocin immunoreactivity was observed in numer- 
ous varicose nerve fibers of  the hypothalamo-hypophysi-  
al tract. These fibers, originating from the preoptic nu- 
cleus, formed a dense bundle which, after having passed 
the lateral chiasmatic region, coursed caudally in the 
medio-basal hypothalamus, parallel to the floor of the 
brain. Numerous stained fibers were seen to penetrate 
the caudal hypothalamus (Fig. 5). They passed through 
the thin hypophysial stem to reach the neurointerme- 
diate lobe of  the pituitary, in which a high density 
of  fibers and terminals were located within its rostral 
region (Fig. 6). A large component  of  the fiber bundle 
reached the median eminence along its rostro-medial 
region. Within the median eminence the fibers made 
close contacts with the capillary loops (Figs. 7, 8). No 
immunoreactive structures were found in other brain 
regions. 
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Fig. 1. Schematic transverse 
sections through the rostral 
hypothalamus of Scyliorhinus 
canicula at the level of the 
preoptic nucleus (progressing 
from the anterior section a, to 
the caudal section f), showing the 
distribution of immunoreactive 
CRF- (�9 and vasotocin- 
containing (e) perikarya. En 
nucleus entopeduncularis, Et 
eminentia thalami, fbt fasciculus 
basalis telencephali, Hab ganglion 
habenulae, M nucleus M, Oc 
chiasma opticum, pal pallium, Po 
nucleus praeopticus, pr recessus 
praeopticus, thc tractus 
thalamocorticalis of Johnston 

Morphology of  the preoptic vasotocin neurons Discussion 

Throughout the preoptic nucleus the vasotocin-immuno- 
reactive cells varied in shape according to their location. 
The most rostral neurons were oval, generally with a 
thick, long process emerging from the ventral side of 
the cell body; branchings were also observed close to 
the perikarya. Some laterally scattered cells showed end 
branchings that appeared to contact non-reactive cells. 
The cells located in the caudal part of  the preoptic nucle- 
us were more frequently round in shape, with short, 
large and intensely stained, processes. Occasionally, the 
immunoreactive neurons appeared bipolar in shape 
(Figs. 9 12). No CSF-contacting immunoreactive cell 
type was found in our material. 

This study provides evidence of a localization of vasoto- 
cin-like immunoreactive substances in the brain of the 
elasmobranch fish, Schyliorhinus canicula. The immuno- 
reactive cells and fibers are located in the hypothalamus, 
within the preoptico-hypophysial system, and occasion- 
ally in the nucleus periventricularis hypothalami. The 
presence of such immunoreactivity in the preoptico-hy- 
pophysial complex is in agreement with previously re- 
ported data in several species of teleosts (Goossens et al. 
1977a; Schreibman and Halgner 1980; van den Dungen 
et al. 1982; Yulis and Lederis 1987; Olivereau etal .  
1988), in the lungfish Protopterus aethiopica (Goossens 
et al. 1978), and in the cyclostome Lampetra fluviatilis 
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Fig. 2. Vasotocin-like containing neurons in a transverse section 
of the medial preoptic nucleus revealed by immunofluorescence. 
x 340 

Fig. 3. Fluorescence photomicrograph showing vasotocin-like peri- 
karya within the mid-caudal part of the preoptic nucleus; pr preop- 
tic recess, x 340 

Fig. 4. Frozen sagittal section through the nucleus periventricularis 
hypothalami showing immunofluorescence vasotocin-like neurons. 
I infundibulum, x 340 

Fig. 5. Paraffin sagittal section of the basal hypothalamus showing 
immunofluorescence vasotocin-like beaded fibers. • 340 

Fig. 6. Frozen sagittal section showing vasotocin-like immunoreac- 
rive fibers within the rostral part of the pituitary neurointermediate 
lobe. x 340 

Fig. 7. Paraffin transverse section through the hypothalamus show- 
ing bright fluorescent fibers within the median eminence. The 
a r r o w s  indicate some vascular structures surrounded by vasotocin- 
like reactive fibers, x 125 
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Fig. 8. Paraffin sagittal section of the medial hypothalamus show- 
ing numerous immunoreactive beaded fibers in the preoptico-hypo- 
physial tract. The arrows indicate stained fibers ending in the medi- 
an eminence. PAP immunoreaction, x 125 

Figs. 9--12. These microphotographs show typical vasotocin-like 
immunoreactive cells localized in the preoptic nucleus. PAP immu- 

nostaining. Fig. 9. Perikarya oval in shape showing branchings 
close to the cell bodies. • 340. Fig. 10. A positive neuron with 
a process that appear to contact a non-reactive cell (arrow). x 340. 
Figs. 11 and 12 show respectively a bipolar neuron and a small 
classical element of the caudal preoptic area. x 340 

(Goossens et al. 1977 b). The occurrence of  immunoreac-  
tive elements in the nucleus periventricularis hypothala-  
mi, however, represents the first findings of  vasotocin- 
like neurons outside the preoptic area in fish. 

Compared  with the published data on tetrapods, the 
distribution of vasotocinergic cells and fibers in fishes 
appears to be less diffuse. In all vertebrates, the main 
populat ion of vasopressin/vasotocin-immunoreactive 
neurons is located in the preoptic-rostral  hypothalamic 
region, and in higher vertebrates (e.g., mammals ,  birds 
and reptiles), these neurons are organized into more or 
less recognizably distinct nuclei (the classical supraoptic 
and paraventr icular  nuclei (Korf  et al. 1988)). The situa- 
tion is, however, rather different in amphibians and 
fishes, where this rostral system is not differentiated in 
easily distinguishable nuclei. 

As well as the hypothalamic populat ion of neurons, 
immunoreactive cells and fibers have also been observed 
in extrahypothalamic sites in different tetrapods. In 
mammals ,  for example, vasopressin-immunoreactive 
cells have been reported to be localized in the bed nucle- 
us of  the stria terminalis, the locus coeruleus, and the 
amygdala  (for a detailed literature cf. Buijs 1987); immu- 
noreactive fibers are also distributed in several regions 
of  the brain stem as far as the medulla and spinal cord 
(Sofroniew 1985). In birds, vasotocin immunoreact ive 
neurons have been observed in the rostral mesencepha- 
lon (Panzica et al. 1988), while positive fibers have been 
detected throughout  the whole brain stem to the nucleus 
of  the solitary tract (Panzica et al. 1986, 1988). In rep- 
tiles, positive cells have been described in the bed nucleus 
of  the stria terminalis and in the rhombencephalon,  
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whereas immunopositive fibers have been found in all 
brain regions (Stoll and Voorn 1985; Thepen et al. 1987). 
In amphibians, immunopositive fibers have been found 
outside the hypothalamus, in many brain regions, such 
as the limbic cortex, thalamus, optic tectum and lower 
brain stem (Zoeller and Moore 1986; Jokura and Urano 
1987). In fishes, the occurrence of extrahypothalamic 
vasotocin fibers has, to date, only been reported in the 
trout Salmo gairdneri (van den Dungen et al. 1982). 

In the present study, vasotocin-containing neurons 
have been observed in precise regions of the preoptic 
nucleus, a well developed neurosecretory area that 
merges rostrally within the telencephalic floor, lines the 
preoptic recess, and more caudally extends to the dorsal 
optic chiasma (Mazzi 1952; Perks 1969). The neurosecre- 
tory properties of the preoptic nucleus in Scyliorhinus 
have been described by Mazzi (1952), Scharrer (1952), 
and Bargmann (1953), and recently we have demon- 
strated that it contains different subpopulations of peri- 
karya producing NPY-  (Vallarino et al. 1988), CRF 
(Vallarino etal. 1989, a) beta-endorphin- (Vallarino 
et al. 1989, b), and bombesin-like substances (Vallarino 
et al. 1990). These peptidergic cells are mainly located 
in the rostral region of the nucleus, with the exception 
of the bombesin-immunoreactive neurons which are dis- 
tributed throughout the whole rostro-caudal length. 
Since the vasotocin-immunoreactive cells are located in 
the mid-caudal region of the preoptic nucleus, the possi- 
ble coexistence of vasotocin with the other peptides in 
the same neuronal population would appear to be rather 
unlikely. Colocalization of vasotocin- and CRF-like im- 
munoreactivity has been reported in the preoptic nucleus 
of teleosts (Yulis and Lederis 1987; Olivereau etal. 
1988), and it is matter of controversy in birds (see for 
a review Korf et al. 1988). In mammals, vasopressin and 
CRF may coexist in experimental conditions (adrenalec- 
tomized animals) in the paraventricular parvocellular 
neurons (Roth et al. 1982; Tramu et al. 1983; Sawchen- 
ko et al. 1984; Kiss et al. 1984; Piekut and Joseph 1986). 
In Scyliorinum canicula, on the other hand, we have not 
found evidence of coexistence between vasotocin- and 
CRF-immunoreactive neurons because of their location 
at different levels of the preoptic nucleus. Besides, most 
of the CRF-positive cells are of the CSF-contacting type 
and are distributed in the subependymal layers lining 
the ventricle, whereas the vasotocin-like elements do not 
show these peculiarities. 

The present study has also demonstrated that the 
preoptic nucleus contains various cellular types produc- 
ing vasotocin-like substances. Most of these send their 
long fibers in the preoptico-hypophysial tract toward 
the median eminence and the neurointermediate lobe 
of the pituitary, whereas some may also be involved 
in short cell-to-cell contacts as indicated by stained fibers 
that appear close to non-reactive cells in the preoptic 
area. This latter observation, if confirmed at the elec- 
tron-microscopic level, might suggest a vasotocin neu- 
romodulator function in fish. This hypothesis has pre- 
viously been suggested for other vertebrate species, in 
which vasotocin fibers appear to end within the preoptic 
region and are probably involved in the control of sexual 

behaviour (Moore and Miller 1983; Urano 1988). The 
presence of vasotocin-like immunoreactivity in the neu- 
rointermediate lobe of the pituitary confirms previous 
pharmacological data in the same species (Heller 1941; 
Perks and Dodd 1963), which also demonstrated the 
existence of high concentrations of oxytocin-like acti- 
vity. 

Little is known about the physiological role of vaso- 
tocin in elasmobranchs. To date there is no clear evi- 
dence for a role in water or salt balance (Perks 1969; 
Dodd et al. 1966; Henderson et al. 1988), but the possi- 
bility of a local effect within the pituitary has been sug- 
gested (Perks 1969). The particular hypophysial vascular 
system present in many species of elasmobranchs, or 
the extensive penetration of the pars nervosa with the 
pars intermedia, as in Scyliorhinus, may support the hy- 
pothesis of an involvement of neurohypophysial hor- 
mones in melanotropic activities (Mellinger 1963). The 
present finding of an extensive distribution of immuno- 
reactive fibers close to the vascular structures of the me- 
dian eminence, suggests that vasotocin may also func- 
tion as an hypophysiotropic agent in the pars distalis, 
as reported in teleosts where vasotocin is able to stimu- 
late gonadotropic and corticotropic cells (Groves and 
Batten 1986; Fryer et al. 1985). 

In conclusion, our results show that the general pat- 
tern of distribution of vasotocinergic elements in a repre- 
sentative species of elasmobranch is largely comparable 
with the few existing reports for other piscine species. 
It seems that in this more primitive fish group there 
is a reduction in the extent of the extrahypothalamic 
fiber system. Even if limited, it appears that some of 
the fibers are not involved in the hypothalamo-neurohy- 
pophysial system (some of them may terminate within 
the same preoptic nucleus or at the level of the median 
eminence), thus suggesting several functional roles for 
this system. 
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