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Introduction
Comparative studies have suggested that teleostean olfactory bulbs are a poorly developed system
with a less laminated cytoarchitecture and a basic cir
cuitry formed by two intrinsic neuron types, mitral
cells and granule cells, and two extrinsic afferents, ol
factory fibers and centrifugal fibers [1-3]. However,
recent reports have shown a considerably higher de
gree of complexity, suggesting that teleostean olfac
tory bulbs have developed in directions somewhat
divergent from those of mammals [4, 5], In this regard
both granule cells [6] and mitral cells [7] - present in
all vertebrates - show a certain morphological diver
sity in structure and location in teleosts, allowing one
to discriminate between several neuronal subtypes. In

1 This work was supported by the ‘Junta de Castilla y León' and
the ‘Ministerio de Educación y Ciencia' (PM88-0154).

addition, the olfactory bulb in fish shows certain neu
ronal types, such as the ruffed cells [4, 5, 8-10], perinest cells [10, II] and mixed-synapse cells [10], which
have not been observed in other vertebrates. By con
trast, other neurons present in the olfactory bulb of
land vertebrates, such as the periglomerular and
tufted cells, are not found in teleosts.
The organization and neuronal typology of the ol
factory bulb in fish and its similarities and differences
relative to the olfactory bulb in mammals have been
established primarily by standard light- and electronmicroscopic techniques and the Golgi method [1,2, 4,
6, 7, 11-14]. With these techniques, it is difficult to de
termine whether the terminology developed for mam
mals is also applicable to anamniotes. Thus, in fish,
the neurons termed mitral cells do not constitute a
single-cell layer in the olfactory bulb; they do not
show secondary dendrites but do show more than one
tuft-bearing dendrite, and, for the most part, their cell
bodies are not mitre-shaped [7, 13, 15]. In this context.

Downloaded by:
Thomas Jefferson University Scott Library
147.140.27.100 - 8/20/2018 8:47:53 AM

Abstract. The distribution of tyrosine hydroxylase (TH)-like immunoreactivity in the olfactory bulb was
studied in three species of teleosts, the tench Tinea tinea, the Mediterranean barbel Barbus meridionalis and the
rainbow trout Salmo gairdneri, by using an indirect immunoperoxidase method. The antiserum used displayed
a characteristic pattern of immunostaining in the three species, and four main conclusions can be drawn: (1)
there is a large population of TH-like positive cell bodies and fibers in the olfactory bulb in fish, mainly in the
granule cell and plexiform layers; (2) the immunolabeled cells are identified as granule cells, but only one
group of granule cells is positive; (3) specific quantitative variations exist in the pattern of TH immunoreactiv
ity, with use of the same fixative, antibody and localization method, among the three species studied, and (4)
the pattern of TH immunoreactivity in the olfactory bulb in teleosts is completely different from that described
previously in amniotes.

TH Immunopositivity in Teleost Olfactory Bulbs

Material and Methods
Animals and Tissue Preparation
Five Mediterranean barbels (Barbus meridionalis Risso,
3S0-475 g body weight), five tench (Tinea tinea L., 140-285 g body
weight) and five rainbow trout (Salma gairdneri Richardson,
230-270 g body weight), all adults, were used for the study. The bar
bels and tench were captured in the river Tormes (Salamanca), and
the rainbow trout were obtained from commercial sources ('La
Flecha' Fisheries, Salamanca). All fish were kept under standard
laboratory conditions (12°C, light-dark cycle set at 12/12 h) and
fed with trout chow.
The animals were deeply anesthetized with 0.03% tricainc methanesulfonate (MS-222, Sandoz) and perfused transcardially with
40 ml of 0.63% saline followed by 350 ml of 4% paraformaldehyde
in 0.12 M phosphate buffer, pH 7.2. After perfusion, the olfactory
bulbs were removed and postfixed overnight in the same fixative.
Finally, they were rinsed several times in phosphate buffer.
For all experiments, 40-um vibratome (Campden Instruments)
sagittal sections were cut, since this procedure is considered accept
able both for preserving histology and for preventing diffusion of
the neuroactive substance [20]. The sections were thoroughly
washed in several changes of phosphate buffer and processed for
immunostaining as free-floating sections.

Fig. 1. Drawing of a sagittal section through the olfactory bulb
of the Mediterranean barbel, B. meridionalis. Dots show the areas
in which TH-positive neurons were observed (each dot represents 5
neurons), lmmunoreactive perikarya were observed mainly in the
outer zones of the granule cell layer (GCL). Note that some positive
cell bodies were also observed outside this stratum, especially in the
caudal region of the olfactory bulb. GIL= Glomerular layer;
ONFL= olfactory nerve fiber layer; OT = olfactory tract:
PL“ plexiform layer: V = ventricle.

lmmunoh islochem istry
The sections were preincubated for 30 min in 0.1 M phosphate
buffer with 1% normal sheep serum and 0.3% Triton X-100 to en
hance antibody penetration. They were then incubated for 24 hat 4°C
in antiserum against TH (gift from Prof. J. Thibault, College de
France, Paris) diluted at 1:1,000. Antirabbit IgG coupled to horse
radish peroxidase (Pasteur) was used as the secondary antibody. Di
lution was also 1:1,000, and the IgG was incubated at 20°C for 4 h.
Tissue-bound peroxidase was visualized by a 5-to 10-min incubation
with 0.07%3,3'-diaminobenzidine in Tris buffer (0.1 M. pH 7.6).
The raising and specificity of the TH antibody has been de
scribed elsewhere [36], as this antibody has been used in previous
studies of different central nervous system regions [32, 37, 38]. Pos
sible interference by endogenous peroxidases was ruled out by
staining some sections beginning with the diaminobenzidine step.
Specific immunostaining was also tested by omitting the anti-TH
antibody in the first incubation bath. In both cases, no immuno
staining was observed.
We intend the term TH-like immunoreactivity to describe the
staining in our material. We also use ‘TH-positive' or 'TH-containing' as synonyms of 'TH-like immunoreactivity', but the more con
servative term is implied. This is because, in spite of the controls
carried out, we cannot exclude the possibility that the reactive ma
terial present in our experimental tissue is immunologically related,
but not identical, to the substance under study.
Finally, the neuronal size was determined by measuring the ma
jor axis with a Zeiss ocular micrometer.

Results
The olfactory bulbs of the Cyprinoids studied were
situated in an extremely rostral position, close to the
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another approach is to study the precise location of
neurotransmitters and other neuroactive substances
in the olfactory bulb, identifying afferents, efferents
and intrinsic elements by their chemical nature.
Tyrosine hydroxylase (TH), the rate-limiting en
zyme of catecholamine biosynthesis, has been ob
served in the olfactory bulb in amniotes and shows a
characteristic distribution pattern in both reptiles and
mammals [16-19], with slight specific variations [20].
Thus, the TH-positive elements in rodent olfactory
bulbs have been identified as periglomerular cells, ex
ternal tufted cells and occasional middle tufted cells
(18, 20-23], and all these neuronal types are absent in
fish olfactory bulbs. In addition, early biochemical
studies [24-26] have shown that catecholamines are
present in significant concentrations in fish brains.
Data on the presence of TH in teleostean olfactory
bulbs are scarce [27-30], and observations on other
anamniotes are contradictory [31-35] (see also Dis
cussion).
The aim of the present work was to examine the
distribution of TH in the olfactory bulb of three spe
cies of teleosts, comparing it with previous data ob
tained in amniotes. Our conclusions may provide fur
ther information on the location of neurotransmitters
within the olfactory system of teleosts and the pres
ence or absence and variations of these neuroactive
substances in different phylogenetic groups.
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Fig. 2. Photomicrographs of TH-immunopositive neurons in the olfactory bulb of the tench, T. tinea. Bar scales equal 100 pm (a) and
25 pm (b-e). a General view of the inner strata, b TH-immunostained neurons in the plexiform layer showing characteristic granule cell
morphology, c TH-positive granule cells in the caudal zone of the olfactory bulb, d lmmunostaincd neurons in the outer region of the
granule cell layer, e TH-immunopositive cells in the anterior zone of the granule cell layer.
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olfactory epithelia, whereas in S. gairdneri they were
appended to the telencephalic hemispheres. In the
Cyprinoids, they were oval structures with a maxi
mum diameter of 1.05-1.35 mm in the tench T. tinea
and of 1.2-1.45 in the Mediterranean barbel B. meridionalis. The olfactory bulbs of the trout were pyri
form, and their maximum diameter was 1.25-1.4 mm.
Despite slight variations, the olfactory bulbs of the
three species studied displayed a similar lamination
pattern. From the outermost to the innermost, four
different layers were distinguished: olfactory nerve
fiber layer, glomerular layer, plexiform layer and
granule cell layer (fig. 1).
The antiserum used displayed a characteristic and
specific immunostaining in the olfactory bulb of the
species studied (fig. 2). Among them, the distribution
pattern of TH immunoreactivity was comparable, al
though quantitative variations (i.e. number of labeled
cells per section of the olfactory bulb) could be ob
served. Thus, the number of stained perikarya and
their intensity varied, such that label was most promi
nent in the tench T. tinea, followed by that in the Med
iterranean barbel B. meridionalis, then by that in the
rainbow trout S. gairdneri. Although the present re
port does not include a direct quantification, these
differences seemed to be significant.
The TH immunoreactivity was mostly confined to
the innermost strata of the olfactory bulb, i.e. the gran
ule cell layer and the inner region of the plexiform
layer, specifically in the central and posterior thirds
of the olfactory bulb (fig. 1). In both strata, abundant
TH-positive cell bodies and fibers were observed
(fig. 2). The staining for TH in these neurons was in
tense, and in some cases it was possible to observe a
Golgi-like immunolabeling (fig. 3). The positive cells
showed round or slightly oval perikarya with a thin
band of cytoplasm surrounding a round nucleus
(fig. 2, 3). They were small (7-11 pm maximum di
ameter) and, in most cases, only one dendritic process
could be seen arising from the cell body (fig. 3). These
processes were clearly identified as dendrites, due to
their diameter and branching pattern. In addition, in
some strongly stained processes, the presence of
spines - both sessile and pedunculated - was ob
served. Some spines were also found. The dendritic
processes extended in all directions, forming an irreg
ular meshwork, although normally they extended
towards the periphery of the olfactory bulb where
they could ramify 2-4 times in both the plexiform and
glomerular layers (fig. 2). In the distal segment of
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Fig. 3. Camera lucida drawings of TH-immunopositive neurons
in the Mediterranean barbel B. meridionalis. Scale bars equal
20 q.m.

these prolongations, it was possible to observe the
presence of varicosities. Finally, in no case could ax
onal processes or axon hillocks be seen arising from
the TH-positive neurons. However, some delicate fi
bers of unknown origin were observed in the same in
ner strata of the olfactory bulb.
On the basis of some size, morphology and lami
nar distribution, practically all the immunolabeled
neurons were unequivocally identified as granule
cells. This determination is also supported by the ab
sence of axonal processes. Some labeled neurons were
also observed in more external zones, including the
outer region of the plexiform layer and the inner re
gion of the glomerular layer, and are presumably dis
placed granule cells (fig. 1). These neurons were also
observed with control techniques (Nissl stain and
Golgi impregnation). Finally, it is important to note
that comparison of the immunocytochemical material
with alternate sections stained with cresyl violet indi
cated that only part of the granule cell population was
immunostained.
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Discussion
In interpreting our results, we will focus primarily
on two aspects suggested by our observations: the
comparative distribution of catecholaminergic ele
ments in the olfactory bulb of anamniotes and amniotes, and the functional and evolutionary significance
of a subpopulation of granule cells expressing TH.
The olfactory bulb in most amniotes has catechol
amine-containing neurons closely associated with the
olfactory glomeruli [39], Previous studies of TH immunoreactivity in the olfactory bulb in mammals,
mainly rodents, have demonstrated that the positive
elements are periglomerular cells and tufted cells
[18-20, 23]. In reptiles, studies of the olfactory bulb in
turtles have demonstrated the presence of periglomer
ular catecholaminergic neurons, similar in distribu
tion to those of rodents [17, 18]. In addition, a popula
tion of deeper weakly immunoreactive neurons has
been observed [40]. In anamniotes, previous data are
contradictory. With the use of catecholamine-fluores
cence techniques in the olfactory bulb in frogs, the
presence of positive cell bodies has been reported at
the level of the mitral cells [41, 42]. Fluorescent fibers
arising from these neurons were observed within the
glomeruli. In the olfactory bulb of Rana tadpoles,
cells located deeper than the glomeruli were also
found [43]. Yoshida et al. [44] found a group of THpositive neurons in the mitral layer of the bullfrog
(Rana caiesbeiana), lower numbers of such neurons
in the granule cell layer, and a few such neurons
around the gromeruli, which contained abundant
TH-positive varicose fibers. In the olfactory bulb of
Neclitrus maculosus [31] and Triturus cristatus [32],
small, ovoidal catecholaminergic cells occur in the
mitral cell and plexiform layers (stratum magnocellulare and stratum moleculare) as well as at the periph
ery of the granule cell layer (stratum granulare) [31,
32], These neurons were identified as the population
of granule cells that is dispersed throughout the dif
ferent layers of the olfactory bulb in amphibians [31,
32], Observations on the presence of TH-positive gran
ule cells have also been made in other groups of
anamniotes such as lungfish (Protopterus cinnectens)
[35] and sharks (Squalus accmthias)[34]. However, it is
very difficult to generalize, as other cartilaginous fish
such as Raja radiaia [33] show a considerable number
of moderately stained dopaminergic neurons lying
around the glomeruli, a situation strikingly similar to
that found in amniotes. In teleosts, Parent et al. [29]

were unable to recognize any fluorescent perikarya
but did report positive centrifugal fibers in the olfac
tory bulb of the sunfish (Lepomis gibbosus) with the
use of the Falck-Hillarp technique. More recently,
Yoshida et al. [30] and Nagatsu et al. [28] have sug
gested the presence of a population of TH-positive
neurons, at present uncharacterized, in the olfactory
bulb of the goldfish Carassius auralus. In the same
species, Hornby et al. [27] have described large num
bers of moderately TH-immunostained bipolar cells
dispersed throughout the external cell layer (as in am
niotes) and not in the most internal strata, where we
have observed them in closely related species. These
cells may be inadequately localized or they may corre
spond to TH-labeled displaced granule cells which we
have also observed. In this context, these authors [27]
found TH-positive somata in the medial olfactory
tract, where displaced granule cells are the only neu
rons. Hornby et al. [27] did not characterize these bul
bar catechoaminergic neurons, and, thus, our work is
the first report suggesting the presence of a popula
tion of TH-positive granule cells in the olfactory bulb
of a teleost.
The granule cell is considered to be the most im
portant interneuron of the olfactory bulb in all verte
brates. The differences described in the present report
between the TH immunoreactivity in anamniotes and
amniotes point to an important functional signifi
cance, and they also have implications regarding evo
lutionary development. Thus, the location of TH im
munoreactivity in the granule cells would indicate
that catecholamines are involved in the intrabulbar
modulation of olfactory impulses. In addition to the
well-known reciprocal relationship between the mi
tral cells and granule cells, the granule cells in teleosts
provide most, if not all, synaptic inputs to two kinds
of neurons that are unique to fish olfactory bulbs: the
ruffed cell and the perinest cell.
Moreover, the synapses made by granule cells in
teleost olfactory bulbs resemble some of the connec
tions established by the periglomerular cells in mam
malian olfactory bulbs [10]. Thus, at the synaptic le
vel, the granule cells of teleosts seem to correspond to
both the periglomerular cells and granule cells in
mammals [10]. In this context, both the granule and
periglomerular cells of mammals have been shown to
exhibit similarities in their chemical nature. For ex
ample, the opioid peptide enkephalin and the inhibi
tory neurotransmitter y-aminobutyric acid have been
demonstrated by using immunocytochemical tech
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niques in both granule and periglomerular cells [19,
45-47]. However, in mammalian olfactory bulbs, TH
and cholecystokinin are located within periglomeru
lar cells (and other types of neurons), but not in gran
ule cells [23]. Our report reveals new complexity in
teleost olfactory bulbs as there are no periglomerular
cells but a subpopulation of granule cells is TH-positive.
These immunocytochemical observations are in
close agreement with previous reports suggesting a
morphological heterogeneity of the granule cells.
Thus, the cells traditionally called ‘granule cells’ seem
to be a collection of several types of small ‘granule
like’ neurons [10, 48]. In this context, we have previ
ously described subtypes of granule cells according to
their predominant location and number of dendritic
processes [6]. It is interesting to note that most THpositive cells in our experimental material seemed to
have only one thick dendritic process. Accordingly,
the present observations indicate that the morpholog
ical heterogeneity of the granule cells may be corre
lated with a chemical diversity.
It cannot be ruled out that after using antibodies
raised in a phylogenetically closer species, new immunoreactive elements - perikarya and/or fibers may be labeled in the olfactory bulb of the species
studied. However, the different controls, the strong
immunostaining of the labeled elements and the prac
tically nonexistent background indicate a high degree
of specificity.
Finally, Andres [2] has suggested that the general
structure of the olfactory bulb has not undergone any
substantial change during vertebrate phylogeny.
However, it is necessary to emphasize that the teleosts
form a separate radiation in vertebrate evolution and
have not given rise to any other major taxa, although
within teleosts a remarkable expansion and diversifi
cation has taken place [49]. Thus, although Halasz et
al. [22, 40] have suggested that the catecholaminergic
system in the olfactory bulb has been retained un
changed in most vertebrates, anamniotes, particularly
teleosts, seem to show significant differences in this
system.
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