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Interspecies Differences in the Substance
P- and Vasoactive Intestinal Polypeptide-like
Immunoreactivities in the Olfactory Bulb of
Salmo gairdneri and Barbus meridionalis

J.R. Alonso, R. Covenas, J. Lara, M. de Leén, R. Arévalo, and J. Aijon
Cytology and Histology, Faculty of Biology. University of Salamanca, Spain

The distribution of substance P-like (SP) and vasoac-
tive intestinal polypeptide-like (VIP) structures was
studied using an indirect immunoperoxidase tech-
nique in the mediterranean barbel Barbus meridio-
nalis and in the rainbow trout Salmo gairdneri. SP-
like positive fibers were observed in the inner strata
of the mediterranean barbel olfactory bulb, mainly
the granule cell and the plexiform layers. Ganglion
cells and fibers of the terminal nerve were also la-
beled. No SP-positive structure was found in the ol-
factory bulb of the rainbow trout. On the contrary,
the VIP antiserum used displayed very strong immu-
nostaining in the olfactory nerve fiber layer of Salmo
gairdneri, whereas those fibers in Barbus meridionalis
showed no immunoreactivity. After a complete
transection of the olfactory tract and a survival time
of 20 days, SP-immunostained fibers were not ob-
served. Thus, they can presumably be identified as
centrifugal fibers, coursing from the telencephalic
hemispheres through the olfactory tracts, into the ol-
factory bulb. The VIP immunoreactivity was con-
fined to the olfactory fibers, both in the olfactory
nerve and the olfactory bulb. The positive immuno-
staining disappeared after chemical lesion of the ol-
factory mucosa. These observations demonstrate that
the olfactory bulb of freshwater teleosts exhibits a
high degree of heterogeneity in its immunocytochem-
ical distribution pattern, this pattern also differing
from previous reports on higher vertebrates.
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INTRODUCTION

The olfactory bulb is an excellent model system in
which to study the functions of neuropeptides and their
interactions with other neuroactive substances in the
CNS, owing to its clear lamination and established neu-
ronal typology, our understanding of its synaptic orga-
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nization, easy access to experimental analysis, and the
richness, in amounts and in variety, of neuropeptides and
other neurotransmitter candidates identified on it, (Burd
et al., 1982a; Halasz and Shepherd, 1983). Thus, the
olfactory bulb has been object of numerous biochemical
and immunocytochemical studies (see Margolis, 1981;
Macrides et al., 1982; Hélasz and Shepherd, 1983, for
reviews). However, all these studies have been carried
out in the mammalian olfactory bulb and there are scarce
data on the olfactory bulb of lower vertebrates.

It has been reported (Allison, 1953; Andres, 1970)
that the basic structure of the olfactory bulb is common
in all vertebrates. However, there are some recent works
(Kosaka and Hama, 1979, 1982, 1982-1983; Alonso et
al., 1987, 1988) indicating that, in addition to its less
laminated structure, new neuronal types such as ruffed
cells or perinest cells, and variations of neuronal types
such as granule cells or mitral cells, are present in the
teleostean olfactory bulb. Moreover, other neurons de-
scribed in mammals, such as tufted cells or periglomer-
ular cells, have not been observed in the fish olfactory
bulb. Thus, it has been suggested that the teleost olfac-
tory bulb and that of mammals have followed somewhat
different evolutionary directions (Kosaka and Hama,
1982). This makes it necessary to establish whether the
pattern of distribution of neuroactive substances is sim-
ilar between the olfactory bulb of higher and lower ver-
tebrates.

During the course of our continuing effort to char-
acterize the neuronal organization of the teleost olfactory
bulb, we have tested the possible immunoreactivity of
this structure to several neuropeptides, including sub-
stance P, vasoactive intestinal polypeptide, angiotensin
II, neuropeptide Y, motilin, cholecystokinin-8, methio-
nine-enkephalin, and leucine-enkephalin.
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In the present report, we have centered on sub-
stance P and vasoactive intestinal polypeptide immuno-
reactivities since a) both substances have been well char-
acterized in the mammalian olfactory bulb, b) antisera
against them showed clear-cut immunostaining patterns,
and c) the distribution of immunolabeling for both sub-
stances displayed a high degree of interspecies variabil-
ity.

Substance P (SP), an undecapeptide discovered by
Euler and Gaddum (1931), is distributed in different tis-
sues and organs such as the intestine, ovary, salivary
glands, autonomic nerves, solitary glands and different
regions of the CNS (Cuello and Kanazawa, 1978; Dees
et al., 1985; Szabo et al., 1987; Vecino et al., 1989). In
the olfactory bulb, the presence of SP has been detected
using biological tests, radioimmunoassay., pharmacolog-
ical, and autoradiographic studies on SP-receptors, and
immunocytochemical techniques (Pernow, 1953; Amin
et al., 1954; Brownstein et al., 1976; Kanazawa and
Jessel, 1976; Hokfelt et al., 1975; Ljungdahl et al.,
1978; Inagaki et al., 1982; Kream et al., 1984; Shults et
al., 1985; Baker; 1986; Dam and Quirion, 1986; Szabo
et al., 1987). These latter techniques have demonstrated
different immunolabeled structures in the CNS, between
different species, even in a phylogenetically close group
of species such as the rodents, suggesting high interspe-
cific variability (Baker, 1986). In a recent report (Szabo
etal., 1987), SP-immunoreactivity has been observed in
the olfactory and electrosensory cells of gymnotid fish,
whereas other two species, Gnathonemus petersii and the
cypriniform Carassius auratus, showed no positive la-
beling in the olfactory bulb.

Vasoactive intestinal polypeptide (VIP), isolated
by Said and Mutt (1970), is another neuropeptide with a
broad functionality. It might interact with catecholamine
systems; regulate the release of certain pituitary hor-
mones, control the glucose metabolism of cortical cells,
and act in neural transmission playing a role in the ol-
factory system (Lorén et al., 1979; Mutt, 1983). In the
olfactory bulb of mammals, VIP has been detected using
radioimmunoassay (Lorén et al., 1979; Fahrenkrug,
1980) and immunocytochemical techniques (Gall et al.,
1986). However, there are no data on the distribution of
VIP in the olfactory bulb of lower vertebrates.

The aim of the present work was to examine the
distributions of SP and VIP in the olfactory bulb of two
species of teleosts, Barbus meridionalis and Salmo
gairdneri, comparing them between both species and
with previous data in higher vertebrates. Both teleost
species are phylogenetically distant and the anatomy of
their olfactory bulbs is different. Our conclusion may
provide further information on the localization of neuro-
transmitters within the olfactory system of lower verte-
brates, on the interspecific variations inside the teleosts,

and on the presence and distribution of neuroactive sub-
stances on the phylogenetic scale.

MATERIALS AND METHODS

Twelve adult mediterranean barbels (Barbus me-
ridionalis Risso) with 320-540 g body weight, and 12
adult rainbow trouts (Salmo gairdneri Richardson) with
body weight of 210-260 g, were used for the present
study. The mediterranean barbels were captured in the
river Tormes (Salamanca) and the rainbow trouts were
obtained from commercial sources (Fisheries ‘‘La
Flecha,”” Salamanca). They were kept under standard
laboratory conditions (12/12 hours light-dark cycle).

Six specimens of Barbus meridionalis were sub-
jected to a complete transection of the olfactory tracts.
After anesthesia with 0.03% tricaine methanesulfonate
(MS-222, Sandoz), a flap was opened in the skull, using
a dental drill, the overlying fatty tissue was aspirated,
and the olfactory tracts were exposed. They were com-
pletely sectioned using a blade. The flap was then closed
and the animals allow to survive for 5, 10, 15, or 20
days. The olfactory epithelia of six specimens of Salmo
gairdneri were ablated with a 0.15 M solution of ZnSOy,
in distilled water, as previously described (Lidow et al.,
1987). This procedure was repeated throughout the week
before sacrifice. After this, the lesioned and the nonop-
erated fish (barbels and trouts) were perfused transcar-
dially, after anesthesia with 0.03% MS-222, with 20—40
ml of Teleost Ringer solution followed by 250 ml of a
fixative containing 4% paraformaldehyde in 0.12 M
phosphate buffer, pH 7.3. The olfactory bulbs were re-
moved and postfixed overnight in the same fixative so-
lution. Finally, they were rinsed several times in phos-
phate buffer.

Longitudinal sections (40 pm) of the olfactory
bulbs were cut using a vibratome (Campden Instru-
ments), washed for 36 h in several changes of phosphate
buffer, and processed for immunostaining as free-
floating sections.

The sections were incubated for 24 h at 4°C in
antiserum against VIP (Cambridge Research Biochemi-
cals, Cambridge, U.K.) diluted at 1:1000, or for 48 h at
12°C in anti-Substance P antiserum also diluted at 1:1000
(a gift from Dr. R.E. Rodriguez). The sections were
preincubated for 30 min in 0.3% Triton X-100 in phos-
phate buffer 0.1 M with 1% normal sheep serum to en-
hance antibody penetration. Anti-rabbit IgG coupled to
horseradish peroxidase (Pasteur) was used as a second
antibody. Dilution was also 1:1000 and the IgG was
incubated at 20°C for 4 h. Tissue-bound peroxidase was
visualized by incubating the sections with 0.07% 3,3’
diaminobenzidine in Tris buffer (0.1 M, pH 7.6) for
5-10 min.



SP and VIP antisera at the working dilution 1:1000
were immunoabsorbed for | h at 37°C and 24 h at 4°C
with SP (0.1 mg/ml, Peninsula Lab. Inc.) and VIP (0.1
mg/ml, Peninsula Lab. Inc.). The specificity of the im-
munostaining was also tested by omitting the SP and the
VIP antibodies in the first incubation bath. In no case
was immunostaining observed.

Antisera against angiotensin II, neuropeptide Y,
motilin, cholecystokinin-8, methionine-enkephalin and
leucine-enkephalin were also tested. However, although
a positive immunostaining was observed for some of
them, there were no interspecies differences between the
immunolabelling in Salmo gairdneri and Barbus merid-
ionalis.

Finally, we use the term peptide-like (SP-like or
VIP-like) immunoreactivity to describe the staining in
our material. ‘‘Peptide-positive’” or *‘peptide-con-
taining™" are used as synonyms of peptide-like immuno-
reactivity. This is because, in spite of all the controls
carried out, we cannot exclude the possibility of the re-
active material present in our experimental tissue being
immunologically related, but not identical, to the sub-
stances under study.

RESULTS

The location of the olfactory bulb is one of the most
striking anatomical differences between the brain of
Salmo gairdneri and that of Barbus meridionalis. Thus,
in the rainbow trout, the olfactory bulbs are apposed to
the telencephalic hemispheres, extending the olfactory
nerves for several centimeters, the olfactory tracts being
internal and very short. By contrast, the olfactory bulb of
Barbus meridionalis is adjacent to the olfactory mucosa,
the olfactory nerves being very short and the secondary
pathway and the olfactory tracts very long. However,
according to control techniques, although with small dis-
similarities the laminar organization and the neuronal
typology seems to be equivalent for both species. In this
sense, from the outermost to the innermost, four layers
were distinguished in both species: olfactory nerve fiber
layer, glomerular layer, plexiform layer, and granule cell
layer (Fig. 1). The ventricles of the olfactory bulb
showed a different development in Barbus meridionalis
(Fig. 1a) and in Salmo gairdneri (Fig. 1b). In any case,
the cytoarchitecture of the olfactory bulb in both species
studied is easily comparable.

The pattern of immunoreactivities was completely
different between Barbus meridionalis and Salmo gaird-
neri for both neuropeptides studied. Numerous SP-im-
munoreactive fibers were seen in the olfactory bulb of
the mediterranean barbel (Fig. 2a,b). No immunolabel-
ing was observed in the olfactory bulb of the rainbow
trout. The SP-containing fibers were mainly distributed
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Fig. 1. Schematic drawings showing the laminar organization
of the olfactory bulb of Barbus meridionalis (a) and Salmo
gairdneri (b). Continuous lines in a shows the location of
SP-immunoreactivity . Labeled zone in b shows the location of
VIP-immunoreactivity. GL, glomerular layer; GCL, granule
cell layer; ON, olfactory nerve, ONFL., olfactory nerve fiber
layer; OT, olfactory tract; PL, Plexiform layer; V, ventricle:
VR, ventricular recess.

in the granule cell layer, where they formed a dense
plexus. They were also observed in the plexiform layer
and, very rarely, in the inner portions of the glomerular
layer. The fibers were varicose, small-caliber axons, fre-
quently ramified in the granule cell layer, and were not
observed to form pericellular or peridendritic terminal
arrays. Ganglion cells and prolongations of the terminal
nerve were also positively labeled for SP. However,
these neurons and prolongations, which constitute a
pathway independent of the olfactory system, were eas-
ily distinguished from the above-described SP-immuno-
stained fibers.

The olfactory tract lesions were carried out in order
to elucidate whether these latter SP-immunolabeled fi-
bers may be identified as centrifugal fibers, coursing
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Fig. 2. Sections of the olfactory bulb of Barbus meridionalis

immunostained for SP. a: SP-immunoreactive fibers (open ar-
rows) in the granule cell layer (GCL). x 85. b: Section of the
olfactory bulb, after olfactory tract transection and 5 days sur-
vival time. Note that abundant SP-positive fibers (open arrows)
can be observed. x 190. ¢: Section of the olfactory bulb, after
olfactory tract transection and 15 days survival time. The SP-

positive fibers have practically disappeared and only isolated
profiles (open arrows) can be observed. x425. d: Section of
the olfactory bulb, after olfactory tract transection and 20 days
survival time. Only very weakly immunoreactive and presum-
ably degenerated profiles (open arrows) can be observed.
x425. (Black arrows points to groups of SP-immunonegative
granule cells.)



from the telencephalic hemispheres through the olfactory
tracts, or whether they belong to interneurons or project-
ing neurons of the olfactory bulb, such as mitral cells or
ruffed cells. After the survival times, which are assumed
to originate anterograde degeneration, the great majority
of the SP-containing fibers had disappeared (Fig. 2¢) and
only very scarce profiles which were not possible to fol-
low for a long distance were seen in the granule cell layer
(Fig. 2d). In addition, this disappearance of SP-fibers is
gradual throughout the different survival times used: 5,
10, 15, and 20 days (Fig. 2). Moreover, in the normal
material, the SP-positive fibers were observed coursing
in the olfactory tracts and in the telencephalic hemi-
spheres. Finally, no SP-immunoreactive perikarya be-
longing to the olfactory system were evident in the ol-
factory bulb of both species.

However, the used antiserum against VIP em-
ployed displayed a clear-cut distribution of strong immu-
nostaining in the olfactory bulb of the rainbow trout
Salmo gairdneri (Fig. 3a), the same antiserum showing
no immunoreactivity in the olfactory bulb of the cypri-
noid Barbus meridionalis. In Salmo gairdneri, VIP im-
munoreactivity was confined to the olfactory fibers in the
olfactory nerve, the olfactory nerve fiber layer, and their
terminal zone in the glomerular layer (Fig. 3a,b). The
olfactory fibers were very strongly labeled, it being pos-
sible to follow their courses when they penetrate in dif-
ferent bundles into the glomeruli where they arborize
(Fig. 3c.d). A detailed description of the immunostain-
ing of olfactory fibers with different antibodies is in
preparation. Other components located in the same re-
gion such as displaced neurons, the terminal nerve, and
glial cells were not stained, and no immunoreactivity
was observed in deeper strata. Finally, the chemical le-
sions produced in the olfactory epithelia of the rainbow
trout, originating a coagulation necrosis of the olfactory
receptors, led to disappearance of the VIP-positive im-
munostaining of the olfactory fibers.

DISCUSSION

We have described interspecific differences in the
distribution pattern of SP- and VIP-immunoreactivities
in the olfactory bulb of two species of freshwater tele-
osts. Our observations are not easily comparable with
previous studies in which very different immunoreactiv-
ity distribution patterns have been described, since Szabo
et al. (1987) reported that SP-labeling was located in the
olfactory and electrosensory cells. In the olfactory bulb,
the pattern of distribution includes the olfactory fibers
and their terminal zone in the glomerular layer. This is
the same distribution that we have described for the VIP
in the rainbow trout olfactory bulb. Moreover, no SP-
immunoreactivity was found by these authors in the ol-
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factory bulb of other two teleostean species: Carassius
auratus and Gnathonemus petersii (Szabo et al., 1987).
However, our results revealed an additional species,
Salmo gairdneri, with no positive SP-labeling in its ol-
factory bulb, and another species, Barbus meridionalis,
whose SP-distribution pattern is completely different,
being restricted to axons located in inner strata of the
olfactory bulb, and presumably identified as centrifugal
fibers. It is important to note that Barbus meridionalis
and Carassius auratus, where such differences were ob-
served, are phylogenetically close species, both of them
belonging to the Order Cypriniforms, family Cyprinidae.

The VIP-labeling in the olfactory fibers of Salmo
gairdneri coincides with the distribution of SP in the
olfactory bulb of four species of gymnotid fish (Szabo et
al., 1987), and with the distribution of somatostatin in
Gasterosteus aculeatus (Honkanen and Ekstrom, 1988).
This heterogeneity in the immunoreactive of the olfac-
tory fibers is even higher since there is considerable ev-
idence that carnosine might be a putative transmitter for
the olfactory fibers of the mammalian olfactory bulb
(Sakai et al., 1988), and a similar pattern of immunocy-
tochemical staining has been observed for the olfactory
marker protein (Monti Graziadei et al., 1977) and (-
alanine (Burd et al., 1982b). Data are lacking about pos-
sible colocalization of several neurotransmitters in the
teleostean olfactory fibers. In some areas of the mam-
malian CNS, SP has been shown to be colocalized with
other neurotransmitters within individual neurons (Chan-
Palay et al., 1978; Hokfelt et al., 1978). Although this
possibility was not directly tested in the present report,
the described distribution pattern of SP- and VIP-immu-
noreactive patterns does not suggest a colocalization of
both peptides in the species studied. Thus, our report
demonstrates that SP is not observed in the Salmo gaird-
neri olfactory bulb and similarly VIP is not found in the
olfactory bulb of Barbus meridionalis. 1t is therefore
possible to conclude that the olfactory fibers, although
they have similar structural and ultrastructural character-
istics (Alonso et al., 1989), display a very high interspe-
cific variability in their immunocytochemical distribu-
tion pattern.

There are abundant data about the localization of
SP in the mammalian olfactory bulb. Ljungdahl et al.
(1978) reported single SP-positive, varicose nerve termi-
nals distributed in all layers of the main olfactory bulb in
the rat, but no SP-positive perikarya. However, other
authors such as Inagaki et al. (1981, 1982) in the rat and
frog, and Davis et al. (1982) in the hamster have de-
scribed intrabulbar SP-positive cell bodies. The majority
of these perikarya were found in the glomerular layer.
This is the case of all the labeled cells in the hamster
(Davis et al., 1982), whereas in the frog a few positive
neurons were localized in the mitral and granule cell
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Fig. 3. Sections of the olfactory bulb of Salmo gairdneri im-
munostained for VIP. a: Section of the olfactory bulb showing
strong VIP-positive labeling in the olfactory nerve fiber layer
and glomerular layer. X275. b: Bundles of immunostained
fibers (black arrows) entering into the glomerular layer can be

observed. x275. c—d: Higher magnifications showing VIP-
immunostained fascicles of olfactory fibers ending on glomer-
ular structures. X 515. f, olfactory fibers: G, glomerular struc-
tures; GL, glomerular layer; GCL, granule cell layer; ONFL,
olfactory nerve fiber layer; PL, plexiform layer.



layer. Labeled neurons included external tufted cells and
superficial short-axon cells (Davis et al., 1982). Neither
neuronal type has been described in the teleostean olfac-
tory bulb. In the accessory olfactory bulb, which has
sometimes been compared with the olfactory bulb of
lower vertebrates, labeling of cells and/or processes has
been reported in the rat (Inagaki et al., 1982), whereas
only processes were seen to be labeled in the hamster
(Davis and Macrides, 1983).

The results of experimental lesions described in our
report suggest that the SP-positive fibers in the olfactory
bulb of the mediterranean barbel are centrifugal fibers in
view of the loss of immunostaining throughout the sur-
vival time. Moreover, their morphological characteris-
tics and localization in the olfactory bulb coincide with
previous observations based on Golgi material (Sheldon,
1912), as well as with their distribution in the olfactory
bulb using electron microscopic degeneration techniques
(Ichikawa and Ueda, 1979). In addition, we observed
SP-containing fibers in the olfactory tracts and the telen-
cephalic hemispheres. These findings could be an expla-
nation for the absence of SP-immunolabeled perikarya
originating these fibers in the olfactory bulb. Our sug-
gestion is in agreement with previous studies in the mam-
malian olfactory bulb since centrifugal fibers containing
SP, methionine-enkephalin, and somatostin have also
been detected in the hamster (Davis et al., 1982). These
fibers pass diffusely through the olfactory tract, entering
directly into the granule cell layer, as we have reported in
the mediterranean barbel. This homology with a mam-
malian species is interesting since no immunolabeling in
this region has been found in previous reports (Szabo et
al., 1987), or in the other teleostean species studied by
us, Salmo gairdneri.

SP is mainly considered to act in pain transmission
(Henry, 1976); however, its functionality in the olfactory
bulb is unknown (Burd et al., 1982a). For several au-
thors, SP plays a role as a primary afferent sensory trans-
mitter (Otsuka and Konishi, 1977). However, other ob-
servations suggest that SP acts rather as part of a
modulating chain of neurotransmitters. Thus, several
studies have demonstrated that dopamine, GABA, and
methionine-enkephalin inhibit the release of SP (Jessel,
1978; Mudge et al., 1979; Kelley, 1978), the SP-effects
being exerted through an interaction with other endoge-
nous peptides (Davies and Dray, 1975; Heike et al.,
1986). In the mammalian olfactory bulb, its location on
tufted cells suggests an excitatory effect on periglomer-
ular cells. This is in good agreement with other studies
proposing an excitatory function for SP in other neuronal
systems (Phillis, 1980). Finally, the centrifugal fibers
that are shown as SP-positive in the olfactory bulb of
Barbus meridionalis are considered to exert an excitatory
function on the granule cells of the olfactory bulb (Price,
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1968; Price and Powell, 1970), which correlates with the
proposed excitatory function for SP (Otsuka and Kon-
ishi, 1977).

There are no data on the presence of VIP in the
olfactory fibers of higher vertebrates. However, the
structure and ultrastructure of the olfactory fibers
(Alonso et al., 1989) and the VIP amino acid sequence
have been highly conserved during evolution (Dimaline
et al., 1987). In this way, the strong immunoreactivity
shown by the olfactory fibers and the inexistent back-
ground of all other components of the olfactory bulb
point to a high specificity of the immunostaining in the
teleostean olfactory bulb.

VIP has been observed in the rat and mouse olfac-
tory bulb using radioimmunoassay (Lorén et al., 1979)
and immunocytochemical techniques (Gall et al., 1986).
The latter techniques allow one to identify VIP-immu-
noreactivity localized within neuronal perikarya scat-
tered across the full depth of the external plexiform layer
and varicose processes also in this stratum. More rarely,
VIP-positive neurons were observed in the mitral cell
layer, the granule cell layer and the external plexiform
layer/glomerular layer border region. The VIP-immuno-
stained neurons were identified as superficial short-axon
cells such as the Van Gehuchten cells, superficial tufted
cells, and deep short-axon cells such as the vertical cells
of Cajal and the horizontal cells (Gall et al., 1986). Thus,
in the rat olfactory bulb, VIP-immunostained elements
are in a position to modulate olfactory bulb output via the
modulation of the granule cells and, consequently, of the
mitral cells. It should be noted that tufted cells, and the
described variants of short-axon cells have not been ob-
served in the teleost olfactory bulb.

VIP displays diverse biological actions such as va-
sodilatation of various vascular beds (including pial ves-
sels), smooth muscle relaxation, stimulation of exocrine,
and endocrine pancreatic secretion and also of water and
ion excretion from the intestinal tract, activation of gly-
cogenolysis in hepatocytes, and cerebral cortex slices.
Finally, it plays a role in intercellular communication
(Magistretti, 1986). All these observations suggest a ma-
jor role for VIP in the coupling between energy metab-
olism, blood flow and neuronal activity (Magistretti and
Morrison, 1985). In the CNS, it has been suggested
(Lorén et al., 1979) that VIP is involved in cortical and
limbic circuitries. Thus, Leranth et al. (1984) have re-
ported that the VIP-positive hippocampal neurons are
probably local interneurons. This agrees well with re-
ports on the VIP positive neurons in the rat olfactory bulb
(Gall et al., 1986). In the rainbow trout, it is evident that
the VIP-like immunoreactive elements in the olfactory
bulb (the olfactory fibers) are not modulator elements.
This suggests that VIP might play a role in the transmis-
sion of the olfactory input from the olfactory mucosa to



110 Alonso et al.

the main second order neurons of the olfactory bulb, the
mitral cells.

It cannot be ruled out that after treatment with in-
traventricular or intratissue injections of colchicine or
using antibodies raised in phylogenetically closer spe-
cies, new immunoreactive structures, fibers, and/or cell
bodies may be labeled in the olfactory bulb of the fresh-
water teleosts studied. However, the different controls,
the strong immunoreactivity of the labeled elements and
the practically inexistent background, indicate a high
specificity. Additionally, our study used the same anti-
bodies, fixatives, localization procedures, and simulta-
neous processing for the olfactory bulb sections from
Salmo gairdneri and Barbus meridionalis. Thus, they are
true interspecific variations, and other factors such as
variation in antibody sensitivity or the localization tech-
nique can be excluded. The possibility that such differ-
ences may be related to the physiological transduction of
chemical inputs in the olfactory mucosa is an attractive
hypothesis.
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