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Abstract. The neuronal system of the saccus vasculosukitroduction
of two species of trout was studied with immunocyto-
chemical methods and carboindocyanine-dye (Dil) tractThe saccus vasculosus (SV) is a specialized ependymo-
tracing. The cerebrospinal-fluid-contacting neurons ofvascular diverticle of the caudal hypothalamus of elas-
the saccus were immunoreactive for gamma-aminobutymobranchs and most bony fishes. Putative functions in-
ic acid (GABA), glutamic acid decarboxylase (GAD), clude pressure reception, chemoreception, glucose load-
and neuropeptide Y (NPY). Immunostaining of alternateing, and ionic regulation of the cerebrospinal fluid (CSF;
sections of the saccus vasculosus of fry with anti-GADAlther and Zimmermann 1970). In the classic study of
and anti-NPY indicated that these substances were col®@ammerman (1910), the SV is reported to comprise cor-
calized. The tractus sacci vasculosi and the neuropil afnet cells and supporting cells. According to this author,
the nucleus sacci vasculosi were also immunoreactive tine coronet cells (named in reference to their apical
these substances. The GABA, GAD, and neuropeptide ¥rown of globule-tipped cilia) give rise to saccofugal
immunoreactivity of the saccus vasculosus system approjections to the posterior tubercle and possibly to the
peared early in trout ontogeny. After applying Dil to var-thalamus. Electron-microscopic studies, however, have
ious levels of the tractus sacci vasculosi of adult troutdemonstrated a third cell type in the SV, namely CSF-
we observed massive bilateral saccular projections to theontacting (pseudocoronet) cells (Murakami and
nucleus sacci vasculosi and could follow the course o¥oshida 1967; Jansen and Flight 1969; Zimmermann
the sacco-thalamic tract. This tract extended in the sutand Altner 1970; Vigh et al. 1972; Zimmermann 1972;
ependymal region of the thalamus rostral to the nucleuRodriguez-Moldes and Anadon 1988; Corujo et al.
sacci vasculosi and split into two small tracts thatl990). According to these studies, the CSF-contacting
reached the subhabenular-preoptic region. Sacco-thalaroells give rise to the saccofugal axons of the tract of the
ic fibers formed extensive periependymal plexuses alon§V. Histochemical studies in a few teleosts (Vigh-Teich-
their trajectory. Interestingly, no clear evidence of themann et al. 1970; Zimmermann and Altner 1970; Jansen
existence of a saccopetal system was obtained. On tlamd West 1971; Vigh et al. 1972) have indicated that
basis of these results, we postulate that the saccus vdkese cells and/or the SV tract are acetylcholinesterase
culosus system modulates the function of centers of thGAChE)-positive. These studies have also confirmed the
posterior tubercle and periventricular thalamus. existence of saccular projections to the nucleus sacci
vasculosi (NSV) in the posterior tubercle and to the thal-
Key words: Hypothalamus — GABA — Neuropeptide Y amus, although the possible targets in the thalamus are
— Immunocytochemistry — Development, ontogenetic -still to be characterized. Since many non-cholinergic
Oncorhynchus mykis€Teleostei) —Salmo trutta fario neurons show AChE activity (see Butcher and Woolf
(Teleostei) 1984), it remains to be determined whether CSF-contact-
ing cells indeed use acetylcholine.

Electron-microscopic studies have also revealed syn-
aptic (or synaptoid) contacts in the SV, most commonly
on CSF-contacting neurons (Murakami and Yoshida
1967; Jansen and Flight 1969; Zimmermann and Altner
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1970; Zimmermann and Altner 1970), but the locationResults

and nature of the neurons giving rise to the boutons are

not known. Immunocytochemistry

The main aim of the present study was to identify the

neuroactive substances (neurotransmitters and neuropephe CSF-contacting cells (but not the coronet cells or

tides) of the SV neuronal system of trout and the possithe supporting cells) of the SV of trout were immunore-

ble targets of these cells. A second aim was to try to loactive to GABA, GAD, and NPY. These cells were bipo-

cate saccopetal neurons. Our results may shed light dar, with slender apical processes ending in a terminal

the function(s) of the SV of fishes. bulb (Fig. 1a,b). Some cells also showed a thicker pro-
cess extending over the apical surface of the saccus from
the dendrite. The thin basal process of CSF-contacting

Materials and methods cells was well stained with the GABA method (Fig. 1b),
and bundles of axons within the ependymal wall were

Adults of rainbow trout@ncorhynchus mykss 24 specimens) and clearly revealed by all procedures (Fig. 1la—c). These

of brown trout §almo trutta farip 6 specimens) were used. In ad- hundles coursed within the saccus wall toward their

dition, embryos (10-12 mm body length; 36—40 days), alevins,.: ; ;
(14-22 mm’ body length; 45-72 days), and fry (23.45 mm;spomt of entrance in the posterior tubercle, where they

76-185 days) of brown trout were used. Prior to fixation, fishJo'ned to form thick palred_ SV tracts. .

were deeply anesthetized with tricaine methane sulfonate (Sigma). GABA, GAD, and NPY immunocytochemistry also re-
For light-microscope histochemistry (rainbow trout only), we usedvealed immunoreactive CSF-contacting neurons in the SV
the AChE method of Karnovsky and Roots (1964). In preliminaryof trout embryos, alevins, and fry (Fig. 2a—c), although
trials for immunocytochemistry, antisera against serotonin (Incthey were less numerous than in adults. Only a few neu-

star), dopamine (Affiniti), tyrosine hydroxylase (TH; Chemicon), ; _ _
calcitonin-gene-related peptide (CGRP; Genossys), galanin (A1"fi-rons were observed in the saccus anlage of 10-mm embry

niti), somatostatin (Chemicon), thyrotropin-releasing hormone®S (Fig. 2a,b). Some basal Processes Immunoreactive to
(Euro Diagnostica)p-melanocyte-stimulating hormone (Incstar), GABA were observed to branch in the saccus wall of em-
neuropeptide Y (NPY; Sigma), substance P (Chemicon, ICN Biobryos and alevins; some of these processes appeared to
chemicals),a-aminobutyric acid (GABA; Sigma, Affiniti), glu- give rise to beaded collaterals in the basal region of the
tamic acid decarboxylase (GAD; Chemicon), and glutamate (Sigependymal wall (Fig. 2a—c). A comparison of consecutive

ma) were assayed. Of these, the antisera (all polyclonal antiseg;ectionS of the SV system of fry immunostained for GAD

generated in rabbit) against GABA, GAD (recombinant feline 67- _ .
kDa GAD), and NPY (porcine synthetic NPY) were found to label or NPY demonstrated CSF-contacting cells and SV tracts

the SV neuronal system and were thus used for immunocytochenthat were immunoreactive to both substances (Fig. 2d—g).
istry. With the AChE method, CSF-contacting cells of the

Adult brains were fixed by transcardial perfusion with 5% glu- SV and SV tracts were faintly to moderately stained in
taraldehyde and 1% sodium metabisulfite in 0.05 M cacodylatehe adult trout, in agreement with the results of other au-
buffer at pH 7.6 (GABA), with 4% paraformaldehyde in 0.1 M thqrs |n adult trout, the SV tracts could be followed with

phosphate buffer (PB) at pH 7.4 (NPY, GAD), or with Bouin's : : : ey
fluid (NPY, GAD). Heads of developing brown trout were fixed GABA, GAD, or NPY immunocytochemistry in the mid

by immersion in the same fixatives. The immunoreaction was rede of the dorsal wall of the posterior hypothalamic lobe.
vealed by the peroxidase-antiperoxidase and the streptavidin-bAfter decussation in the caudal posterior tubercle, they
otin methods. No labeling was observed after preabsorption of thgave rise to a paired field of terminals around a medial
primary antisera with the corresponding antigen (GABA, NPY; group of unstained cells and then converged in the ros-
Sigma) or after omission of the primary antiserum. The immuno+,gimost region of the posterior tubercle (Fig. 3a—c).

reactivity of SV neurons to both anti-GABA and anti-GAD also : ; ; )
indicated that GABA and GAD were the substances labeled b)ﬁome fibers appeared to continue toward the medial thal

these antibodies (hereinafter, we refer to immunoreactive struc@Mus (Fig. 3c,d) and were visible as two small paired
tures as GABAIr, GADIr, or NPYir). In order to investigate wheth- tracts running close to the ventricular surface. Immunore-
er GAD and NPY could co-occur in the same neuron, alternat@ctive fibers of these tracts were observed among epen-
cryostat sections of the SV system of fry (3 thick) were in-  dymal cells in some areas of the medial thalamus. How-
cubated with anti-GAD and anti-NPY.

For tracing SV connections in rainbow trout, we used the car-
boindocyanine dye Dil (Eugene, Oregon), which diffuses along

cell membranes in fixed tissues (Godement et al. 1987). Th@ig. la—c. GABA-immunoreactive CSF-contacting neurons and
brains of 12 trouts were fixed in 4% paraformaldehyde in PB aferve bundlesopen arrows in the epithelium of the saccus vas-
4°C, embedded in agar blocks, and transverse-sectioned at the Iyjjosus of an adult trout. Note mthe terminal bulbs of apical
el required. Dil was applied with a fine needle or ap8@thick  gendrites grrowhead$ and a thin basal proceghif arrow). The
micropipette (Yafiez et al. 1996) to the SV or to the tractus sacqpye| of the figures corresponds to that of Fig. Asterisk Blood
vasculosi, (1) at its entrance to the posterior hypothalamic lobesinysoid: stars coronet cells with apical crowns of globules.
(2) between this entrance point and the NSV, or (3) in the decussaGGo,Bar; 50 um; b x1250,Bar: 10 um; ¢ x625,Bar: 20 ym
tion of the tract. Dil application to the tract gave highly reproduc- _. . . . .
ible results, whereas application to the saccus generally failed. Afi9- 2. GABA-immunoreactive CSF-contacting neurons in the SV
ter a diffusion time of 1-3 months, brains were sectionedu0 Of 10 mm @, b) and 12 mm trout embryosc)( showing the
thick) on a Vibration microtome (Vibroslice, Campdem), mounted branching of basal processesrowhead$. Note bouton-like en-
in PB, and photographed with a Nikon fluorescence microscopédrgements of collateral branches-g Pairs of alternate thin sec-
equipped with a rhodamine-type (G-2A) filter set. tions showing CSF-contacting neurorer¢whead$ and tracts
(arrows) of the SV system of a 28-mm fry immunoreactive to
NPY (d, f) and GAD €, g). a—c x625, Bar: 20 um; d, e x810,
Bar: 10um; f, g x280,Bar: 30 um
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Fig. 3. Transverse sections of the posterior tuberalec( and that of Fig. 7d, those df, d to that of Fig. 7cAsterisks Nucleus
thalamus ¢) showing intense NPY-immunoreactive fibers in the of the SV;stars third ventricle recesses; fasciculus retroflexus.
SV tract @rrows). The levels of, b correspond approximately to  Adult trout. x180Bars 100um

ever, the origin of these fibers could not be confirmed byobe or along its trajectory, produced massive labeling
these procedures, since fibers immunoreactive to GABAQf the tract, which could thus be readily followed to its
GAD, or NPY were also present in neighboring regions. targets. The tract coursed to the posterior tubercle (as
In alevins, the tract of the SV could be followed to therevealed by immunocytochemistry) and partially
posterior tubercle with GAD (Fig. 4a,b), because the solicrossed in the decussation of the SV tract: the two sides
tary trajectory of this tract lay among the cells of thewere similarly labeled after Dil application to one or
thick ependyma, which was clearly separated from thosether SV tract caudal to the decussation (Fig. 6a—c).
of GABAergic fibers of other origins coursing in the cau- Most tract fibers ended in the neuropil of the NSV,
dal hypothalamus. This solitary trajectory was even morenainly in its rostral and lateral portions, as conspicuous
clearly stained by NPY immunocytochemistry, becausdields of terminals. No projections to other parts of the
NPYir fibers from other origins were scarce in the posteposterior tubercle were observed. In addition to these
rior tubercle. In fry, the course of the SV tract to the posextensive terminal fields, a small tract of labeled fibers
terior tubercle and thalamus (as revealed by immunocytczoursed dorsally in the walls of both sides of the third
chemistry) was similar to that of adults (Fig. 5a—e). ventricle (Fig. 6b), rostral to the posterior tubercle, and
close to the ventricle. Each of these fascicles gave rise
to plexuses of fibers close to the ventromedial surface
Dil nerve tracing of the caudal thalamus, and to two small fascicles (dor-
sal and ventral) that could be followed to the subhabe-
Application of Dil to the SV tract of rainbow trout, nular-preoptic region, where they were closely associat-
whether at its entrance to the posterior hypothalamied with two ventricular ridges (Figs. 6¢c, 7). Fibers from
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Fig. 4. Transverse sections of a post-hatching alevin (14 mm)Fig. 5. Transverse sections through the junction of the SV with
showing GAD-immunoreactive fibers of the S¥riows) in the the posterior hypothalamic lobesutlined star} (a), posterior tu-
saccus &) and posterior tubercléd). Note also GAD immunore-  bercle p—d), and thalamusef showing the GAD-immunoreactive
activity of the CSF-contacting neurons of the S\r¢whead$. fibers of the SV tractafrows). Note the decussation of the SV
Asterisk Nucleus of the S\Mvhite star GABAergic fiber-rich re-  tract @rrowhead in b. Asterisk Nucleus of the S\Vstars nucleus
gions in the mesencephalic tegmentuapgnd caudal hypothala- recessus lateralis hypothalanfi; fasciculus retroflexus. 38-mm
mus p). x360,Bars 50 pm juvenile. x180Bars 100um

these small sacculo-thalamic fascicles formed twahe ventral fascicle extended to the preoptic region and
small neuropils closely associated with areas of thickappeared to end just medial and rostral to the magno-
ependyma in the thalamus (Fig. 6d,e). These fibersellular preoptic nucleus, always in periependymal
were observed among ependymal cells, even near th@exuses (Fig. 7).

apical surface. A few fibers of the dorsal fascicle Application of Dil to the SV tract occasionally led to
reached the subhabenular region, and a few fibers fromabeling of a few small cells in the posterior tubercle, al-
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Fig. 6. Transverse sections showing bilaterally labeled tracts incrograph with differential interference contrast of the region
the posterior tuberclea) and medial thalamus+{d) after unilat-  shown ind. Arrowheads Cilia of ependymal cellsasterisk third
eral application of Dil to the tract of the SV at its entrance in theventricle. a, b Sections from a level slightly rostral to that of
hypothalamus. Note the close relationship of labeled fibers to th&ig. 7c; ¢ corresponds to that of Fig. 7b. Adult troat-c x170,
ependyma in the thalamus. Fluorescence micros@pjotomi- Bars 100um; d, ex300,Bars 50 um

though results in this regard were inconsistent betweeBiscussion

experiments. Some of these cells were located close to

the ventricle in the NSV and showed tanycyte-like mor-Neuroactive substances of the SV neuronal system
phology; others were located in the adjacent lateral re-

cess nucleus. A few neurons were labeled in the posteri-he present results show that the CSF-contacting cells of
or recess nucleus adjacent to the application point; thighe trout SV are specifically revealed by GABA, GAD,
labeling was clearly artifactual. No other cells were la-and NPY immunocytochemistry, providing evidence that
beled with these Dil applications, indicating that the pro-GABA and NPY are the neuroactive substances of the
cedure used specifically labeled the neuronal system &V neuronal system. The immunoreactivity of the SV
the SV. neurons, both with GABA and its synthesizing enzyme



503

Fig. 7a—g.Schematic drawings of transverse sections through theoflexus;H, habenulal.H, lateral hypothalamic lobe8tM, nucle-
trout diencephalon to show the course of the labeled fiber tractas mammillaris;NPO, magnocellular preoptic nucleuBG, pre-
(small arrow$ of the neuronal system of the saccus vascul@sus. glomerular complexPS pretectal superficial nucleu®), optic
Rostral;g, caudal Large arrow Point of Dil applicationgh, hori- chiasma;SV, saccus vasculosus; optic tectum;TL, torus latera-
zontal commissureDM, dorsomedial thalamué;, fasciculus ret-  lis hypothalamiVM, ventromedial thalamus

GAD, strongly suggests that these cells are GABAergicneurons and SV tracts of trout are faintly AChE-positive.
The characteristics of the most abundant type of synaptithe present histochemical results confirm these find-
bouton observed by electron microscopy in the NSV ofngs; in trout, the SV neurons and their tracts are faintly
trout (Garcia and Alvarez-Uria 1981), i.e., clear synaptitco moderately AChE-positive, the reaction being much
vesicles and the symmetrical appearance of active aredsss intense than in AChE-positive neurons of the neigh-
are consistent with their being GABAergic (and thus pu-boring hypothalamic lobes. Studies in rat brain with cho-
tatively inhibitory) boutons. Similar boutons are alsoline acetyltransferase (ChAT) immunocytochemistry
present in the elasmobranch NSV (Molist et al. 1992). have demonstrated that most AChE-positive cells (i.e.

GABA and GAD immunocytochemistry also revealed faintly or moderately AChE-positive neurons) are in fact
CSF-contacting cells in 9- to 12-mm trout embryos, innon-cholinergic (Butcher and Woolf 1984). Thus, AChE
good agreement with ultrastructural evidence regardingistochemistry alone is insufficient for demonstrating
the time of appearance of these cells (Corujo et athat CSF-contacting cells are cholinergic. To the best of
1990). This suggests that these substances are presenbat knowledge, the only immunocytochemical evidence
early stages of neuron differentiation and is in agreemerhat is indicative of a cholinergic system in the SV is the
with the early appearance of GABA in Kolmer-Agduhr presence of a ChAT-positive tract (the SV tract?) in the
cells of the spinal cord in amphibian embryos (Dale etnedial thalamus of the eel (Molist et al. 1993). In an at-
al. 1987). Our immunocytochemical observations alsdempt to approach this question directly, we have carried
indicate that the number of CSF-contacting neurons ineut studies in the trout brain with three different antibod-
creases considerably from embryo to adulthood, as rees against rat brain and human placental ChAT (Chem-
ported previously (Corujo et al. 1990). icon). However, none of the antisera reacts with saccus

Early studies have indicated that CSF-contacting cellsells, or with well-known cholinergic structures (such as
are AChE-positive inPerca flavescengZimmermann the motor nuclei) of trout. This indicates that trout ChAT
and Altner 1970), carp, eel, animiurus nebulosus is not recognized by these antisera. Whether this protein
(Vigh-Teichmann et al. 1970; Vigh et al. 1972). Jansens expressed in neurons of the trout SV system thus re-
and West (1971) have reported that the CSF-contactinguires further investigation.
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Our results have revealed the presence of NPY immudal to this nucleus is only partial, each SV tract project-
noreactivity in both neurons and fibers of the SV systening bilaterally to this nucleus. Moreover, our results con-
of trout. The similar distribution of GABAIir, GADir and firm the presence of a small saccofugal projection to the
NPYir cells and fibers suggests that these substances akalamus in trout.
colocalized in SV neurons, as has been confirmed by ob- The NSV of trout appears to occupy a medial region
servations of cells stained in adjacent sections with GADf the posterior tubercle, which has been shown to re-
and NPY antisera. In the caudal hypothalamus, the colazeive secondary olfactory projections $almo(North-
calization of these substances appears specific for theutt and Davis 1983), as in other teleosts (Bass 1981;
saccus system, since other hypothalamic GADir neuronBavis et al. 1981; von Bartheld et al. 1984; Prasada Rao
do not express NPY (unpublished observations). Coloand Finger 1984; Levine and Dethier 1985; Sas et al.
calization of NPY and GABA immunoreactivity is fre- 1993). Thus, this nucleus may be modulated by the ac-
guently seen in neurons of most neocortical areas in catwity of both the olfactory and the SV nerve system. Our
and monkeys (Jones and Hendry 1986) but has not beémout NSV probably corresponds in part to both the nu-
mentioned in previous studies of GABA distribution in cleus posterior tuberis and the NSV of himé salmon of
teleosts (see Martinoli et al. 1990; Medina et al. 1994)Shiga et al. (1985). These nuclei project to the medial
Although NPY has been found in some CSF-contactingreoptic area and supracommissural telencephalon, re-
neurons of the hypothalamus of elasmobranchs and bomggons involved in the regulation of sexual behavior
fishes (Batten et al. 1990; Pickavance et al. 1992; Vecin(Shiga et al. 1985).
and Ekstrom 1992; Chiba and Honma 1992, 1994), it A direct saccothalamic projection was first suggested
has not been reported to date in the CSF-contacting neby silver staining in trout (Dammerman 1910) and has
rons of the SV; however, Chiba and Honma (1994) haveéeen confirmed by AChE histochemistry in other tele-
demonstrated NPY immunoreactivity in fibers associat-osts (Vigh et al. 1972). However, these studies have not
ed with the SV of sturgeon. Colocalization of NPY andidentified the precise targets of this projection. The pres-
somatostatin (Batten et al. 1990) and of NPY ancdent experimental results confirm the direct saccothalam-
FMRF-amide peptide (Mecino and Ekstrém 1992) hadc projection and indicate the existence of a sacco-peri-
been reported for some nuclei of teleosts, but neither saentricular relationship similar to that observed between
matostatin nor FMRF-amide peptide has been found ithe caudal primary olfactory projection and the periven-
the SV. NPY is thought to be involved in the neuroendodiricular region of the supracommissural ventral telen-
crine regulation of certain pituitary functions, such ascephalon and preoptic area of trout (Manso et al. 1994;
the inhibition of melanotropin release in frogs (DangerAnadén et al. 1995). The target cells of these sacco- and
et al. 1987; De Rijk et al. 1990), the regulation of lu-olfacto-periventricular projections are not known, but
teinizing and growth hormone release in rodentsour observations have shown numerous beaded fibers
(Kerkerian et al. 1985; McDonald et al. 1985), and thecoursing among ependymal cells, close to the ventricular
modulation of the release of gonadotropin, melanotrosurface. The close sacco-ependymal topographical rela-
pin, and somatotropin in teleosts (Pontet et al. 1989)ionship is even clearer during development, when a soli-
Projections, probably catecholaminergic, from the NSWtary saccofugal tract courses through the thick ependyma
to the hypophysis have recently been reported in the Af the posterior tubercle. Neuroglial contacts have been
lantic salmon (Holmqvist and Ekstrom 1995). If the reported on glial cells of highly specialized ependymal
NSV is involved in pigmentation and reproduction, organs, such as the tanycytes of the median eminence of
GABAIr and NPYir saccofugal fibers may neutralize the several vertebrates (for a review, see Leonhardt 1980)
inhibitory effects of this nucleus on hormone releaseand the subcommissural organ of frog (Jiménez et al.
However, it is far from clear whether the NSV is related1993). If the SV and caudal primary olfactory fibers of
to pituitary regulation. trout contact ependymal cells, this would be a case of

None of the other antisera against neuroactive sulgeneral ependymal regions receiving projections from
stances or neurotransmitter-synthesizing enzymesdentified sets of neurons and would raise new questions
namely dopamine, serotonin, CGRP, somatostatin, sutabout neuro-glial synaptoid relationships in vertebrates.
stance P, and TH (Manso et al. 1993; Becerra et al. 199%he next step is to investigate, by electron microscopy,
unpublished observations), reacts with SV cells or fibersvhether saccofugal and/or caudal primary olfactory fi-
of trout. Thus, although the presence of other neuroaders contact ependymal cells or plexuses of periventricu-
tive substances in the SV cannot be ruled out, these nelgr dendrites.
ative results clearly reduce the field of candidate sub-
stances.

With both immunocytochemical and nerve-tracing Does the SV tract contain saccopetal fibers?
methods, we have found that the SV system of trout pro-
jects to only two regions: the NSV in the medial part ofThe presence of saccopetal fibers in the SV tract was re-
the posterior tubercle and the periventricular thalamusported early this century (see Dammerman 1910). The
This confirms reports in trout and other teleosts of prosaccopetal system as described by Dammerman (1910)
jections to the posterior tubercle dorsal to the infundibuis a tract entering the SV in the area in which the pituita-
lum, i.e., to the NSV (Dammerman 1910; Jansen andy joins the saccus wall (tractus thalamo-saccularis). The
West 1971; Vigh et al. 1972; Zimmermann 1972), butexistence of this tract appeared less certain when Barg-
also shows that the decussation of saccofugal fibers camann (1954) pointed out that, in elasmobranchs, the pre-
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optico-hypophysial tract, which is unrelated to the sacpair of cilia (Rodriguez-Moldes and Anadén 1988;
cus, passes through this area. More recently, a number Gbrujo et al. 1990), reminiscent of the ciliated type of
ultrastructural studies have noted synaptic boutons corelfactory neuron present in teleosts (Yamamoto 1982;
tacting SV neurons in both teleosts (Zimmermann and/uller and Marc 1984) and suggesting that the SV neu-
Altner 1970; Zimmermann 1972; Vigh et al. 1972;rons may be chemoreceptors. Specifically, SV neurons
Corujo et al. 1990) and elasmobranchs (Rodriguez-Molmay act as sensors of CSF composition, which is
des and Anaddén 1988). In some teleosts, such contadtsought to be modified by the secretory activity (see
have been observed on coronet cells (Vigh et al. 1972Altner and Zimmermann 1970) and/or transport activity
On the basis of neuron counts in the SV and axon countfdansen and Flight 1969; Jansen and van Dort 1978;
in the SV nerve ofPerca fluviatilis Zimmermann and Jansen et al. 1981, 1982) of coronet cells. Although the
Altner (1970) have suggested that about half or more gbresence of both CSF-contacting neurons and coronet
the approximately 50 000 axons of the SV tract arecells in the SV makes such a dual function reasonable
saccopetal, always assuming that the saccopetal axof&ltner and Zimmermann 1970), experimental evidence
pass into the saccus via the SV tract. is lacking.

In the present study, our initial aim was to investigate Other GABAergic CSF-contacting cells are present in
experimentally the distribution of neurons that give risethe central nervous system of vertebrates: well-known
to putative saccopetal fibers. To our surprise, Dil appliexamples include the Kolmer-Agduhr cells of the spinal
cation to the SV tract of trout labeled only a few cells incord of tadpoles (Dale et al. 1987) and other cells in the
the posterior tubercle, whereas labeled cells were not olzentral canal of the spinal cord of lampreys and teleosts
served in any other brain region. The small number ofBrodin et al. 1990; Uematsu et al. 1993; Roberts et al.
labeled cells and the tanycyte appearance of a proportidt®95). Some of these cells, such as the Kolmer-Agduhr
of them are not readily explained by the hypothesis otells in early developmental stages of tadpoles, have
Zimmermann and Altner (1970). Our results instead sugbeen implicated in the mechanoreception of body move-
gest that trout have either very few saccopetal fibers aments. A similar function for the CSF-contacting cells of
none. If so, the infrequent synapses present in the trotthe SV is unlikely, because the SV is contained within
saccus might be collateral or en-passant contacts dfie brain case. Conclusive identification of the function
saccofugal fibers within the saccus. Interestingly, somef the SV system will require direct experimental ap-
basal processes of CSF-contacting neurons of the SV apeoaches. We hope that the present study of the neuro-
branched in developing trout, which favor the presencéransmitters and targets of the saccofugal pathways will
of such contacts. Alternative explanations, for exampleencourage electrophysiologists to study this enigmatic
that Dil fails to diffuse through saccopetal axons or thabrgan.
technical problems affect the application of Dil to these
fibers, cannot be ruled out, although they appear improtAckno_wIedgementWe thank Carmen Farifia for kindly providing
able. Our results thus cast serious doubts on the exi&€ rainbow trout used in this study.
tence of a saccopetal fiber system. However, it should be
noted that, in trout, the SV is open to the infundibulumReferences
(Dammerman 1910; Corujo et al. 1990), whereas in the
perch, it is united with the caudal hypothalamus by d\ltner H, Zimmermann H (1970) The saccus vasculosus. In:
practically closed stalk, the nervus sacci vasculosi (Zim- Bourne GH (ed) Structure and function of the nervous tissue,
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