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Abstract

To establish if olfactory bulb sensitivity to functional deprivation is related to the degree of development at birth, we studied the effects
of surgical closure of one naris in the gerbil olfactory bulb development. The naris closure was performed at three different ages: at birth,
P7 and P14 and maintained for 30 or 60 days. In coronal sections we measured total bulbar surface area and surface area of the different
bulbar layers establishing an estimate multiple regression model for the percentage of surface area decrease in the deprived bulb related to
non deprived one. The internal and external plexiform layers are the most sensitive layers to deprivation and age and duration of
deprivation were factors in their mathematical models. The glomerular layer showed a surface reduction of about 25% without
dependence either on age or duration. The deprived glomerular layer showed a much lower tyrosine hydroxylase-immunoreactivity and
immunoreactive cell density than those in the non deprived one. However, differences in calbindin-immunoreactive and NADPH-
diaphorase positive cell density between deprived and non deprived glomerular layer were not significant. Our results indicate that
olfactory bulb sensitivity to functional deprivation is not related to the degree of precocity and changes in age and duration of deprivation
cause different effects on the olfactory bulb layers.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction decrease in the deprived bulb [52]. Volume and weight
reduction are caused by decrease in both number and size

The unilateral naris closure in neonatal macrosmatic of the olfactory bulb neurons and affects all bulbar layers
animals causes significant changes in functional activity of except the periventricular core [57,58]. Decrease in the
the olfactory bulbs [26,39,40] and when maintained for 20 number of tufted and granule cells has been consistently
or more days produces substantial changes in volume, reported [30,49–51,54,61,62]. However, the decrease in
layer thickness and cell number and size. the number of mitral cells remains controversial since

In laboratory rats, after 20 days of neonatal olfactory some authors have reported it [50,54], whereas others have
deprivation, the volume of the ipsilateral main olfactory not found such a decrease [25,30]. More agreement exists
bulb decreases approximately 25% when compared with on the reduction in size of soma and glomerular tufts of
control or contralateral non-deprived olfactory bulb mitral cells after neonatal olfactory deprivation [14,53].
[19,30,31,49]. The total protein content, RNA and DNA The hyperplasia and hypertrophy of reactive astrocytes

does not compensate this neuron volume decrease [47].
The dramatic loss of tyrosine hydroxylase (TH) im-*Corresponding author. Tel.: 134-983-423-081; fax: 134-983-423-

munoreactivity is the most characteristic change in neuro-022.
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11,42,64,65]. TH loss correlates well with dopamine with their mothers up to 30 days of age, when they were
depletion [20]. TH is expressed by olfactory bulb dopa- moved to independent cages. Care and manipulation of the
minergic neurons which are mainly periglomerular and animals followed the guidelines of the European Com-
tufted cells. The periglomerular cells are an heterogeneous munities Council (86 /609/EEC) for laboratory animal
group in which several subgroups can be defined by their care and experimentation.
contents in calcium-binding proteins (calretinin or calbin- Unilateral olfactory deprivation was accomplished at
din), neurotransmitters and neuropeptides [41,44,66] and three ages: newborn, 7 days and 14 days. This olfactory
NADPH-diaphorase or NO synthase activity [2]. In TH- deprivation was maintained for 30 or 60 days and then the
immunoreactive periglomerular cells, dopamine co-local- animals were sacrificed. The six groups obtained were
izes with GABA [41,43] and, after olfactory deprivation, called 1/30, 1 /60, 7 /30, 7 /60, 14/30 and 14/60; the
these cells lose their TH-immunoreactivity but show a non numerator meaning the day of deprivation and the de-
reduced GABA- [12,42], glutamic acid decarboxylase- and nominator its duration. A group of non-deprived animals
aromatic L-acid decarboxylase-immunoreactivity [6,65]. 60 days old were used as control. Each group contained six
This indicates that TH expression is down-regulated but animals except for the 14/60 group which had only three.
that periglomerular cells do not disappear [6]. In all the experimental animals the right naris was cauter-

The sensitivity of different olfactory bulb neuronal types ized in order to occlude it [50].The newborn gerbils were
to deprivation seems to be related to postnatal neuro- previously anesthetized with hypothermia and the others
genesis time, since the most sensitive neurons are granule with Equithesin.
and tufted cells which show the most delayed neurogenesis At the end of the deprivation period, animals were
time [3,13,34,35,]. The decrease in cell number is thought anesthetized with Equithesin (2.5 ml /kg) and transcardial-
to depend more on increased neuronal death than on the ly perfused with 4% paraformaldehyde and 0.2% picric
reduction of postnatal proliferation and differentiation [31]. acid in 0.1 M Millonig’s phosphate buffer. The animals

If olfactory bulb plasticity were linked to the degree of were then decapitated, the cranium opened and the whole
development, one may suppose that the more precocial the head left for 24 h at 48C in the fixative. Afterwards, the
animal, ie. born with more developed bulbs, the less brain was removed, washed and left in 30% sucrose at 48C
sensitive to olfactory deprivation it would be. The spiny until it sunk. Brains were frozen in dry ice and the
mouse (Acomys cahirinus) is a precocial rodent born with olfactory bulbs were sliced, in a sliding microtome at 40
an olfactory bulb structure that has a development similar mm, in five series. Sections were stored in vials with 30%
to that of the rat at P14 [46]. In this rodent, Brunjes [17] sucrose, refrozen and kept in a freezer at 2308C until
observed a greater and more persistent sensitivity to staining. Once defrosted, two series of olfactory bulb
olfactory deprivation than in the rat. Therefore, the study sections were mounted onto glass-slides and stained with
of olfactory bulb plasticity in more altricial rodents is of cresyl violet for measurement of surfaces and the other
considerable interest to understand the relation between three series were free-floating processed for TH or calbin-
maturity and plasticity in the olfactory system. The Mon- din (CB) immunostaining or for NADPH-diaphorase his-
golian gerbil (Meriones unguiculatus) is an altricial rodent tochemistry.
in which the olfactory bulb takes 21 days after birth to For immunohistochemistry the avidin-biotin-immuno-
reach a fully developed structure similar to that reached by peroxidase method was used. The sections were sequen-
the rat at P14 [24] and by the spiny mouse at P1 [46]. tially incubated in (1) 0.2% Triton X-100 in Phosphate

We studied the effects of surgical closure of one naris on buffer saline (PBS) for 15 min; (2) 20% normal goat
olfactory bulb development in the gerbil in order to test serum (for TH) or normal horse serum (for CB) in Triton–
whether the olfactory bulb is more or less sensitive to PBS for 1 h; (3) rabbit polyclonal antibody to TH (Eugene
functional deprivation in altricial than in precocial species. Tech International, Inc; 1:1000) or mouse monoclonal
Likewise, we tested the influence of age and duration of anti-Calbindin-D (Sigma Chemical Company; 1:200) in
deprivation in the size variation of the different olfactory Triton–PBS overnight at 48C; (4) Triton–PBS for 10 min,
bulb layers, using TH- and calbindin-immunoreactivity and three times; (5) biotinylated anti-rabbit IgG (TH) or anti-
NADPH-diaphorase activity to gain further insight into the mouse IgG (CB) (Vectastain ABC Kit, Vector Laborator-
participation of the different olfactory bulb neurons in ies) for 1 h; (6) Vectastain ABC Reagent in Triton–PBS
functional deprivation response. for 1 h; (7) PBS for 10 min; (8) 0.1 M Tris–HCl buffer

(pH 7.6) 10 min; (9) 0.05% diaminobenzidine and 0.003%
hydrogen peroxide in Tris-buffer. NADPH-diaphorase

2. Materials and methods activity was detected incubating the sections for 60 min at
378C in a 0.1 M Tris–HCl buffer (pH 8) solution con-

Thirty nine newborn gerbils (Meriones unguiculatus) of taining: 1 mM b-NADPH (Sigma Chemical Company),
both sexes were used for the experiments. All of them 0.8 mM nitro blue tetrazolium (Sigma Chemical Com-
were maintained under air-conditioning at 20–228C, 50% pany) and 0.08% Triton X-100 [1]. The immuno- and
humidity and 12–12 h light–dark cycle. Pups remained histochemically reacted sections were mounted onto
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gelatinizated slides, air-dried and dehydrated and cover- The histological organization of the control and ex-
slipped. perimental olfactory bulbs of the gerbil does not differ

In order to search for regional differences in deprivation from that of other mammals (Fig. 1A). Despite the size
response, coronal sections at six different levels in each decrease caused by neonatal functional deprivation, the
olfactory bulb were studied. In the non-deprived bulbs, general structure and the different histological layers are
each level was separated from the next by about 400 mm. basically maintained (Fig. 1B).
In the deprived bulbs, morphological characteristics, gener- The section total surface area of the deprived olfactory
al shape of sections, shape of glomerular layer, aspect of bulbs compared to the non-deprived ones decreased
accessory olfactory bulb and anterior olfactory nucleus 36.762.07% (mean6standard error) in the 1 /60 group and
were used to select appropriate sections for comparison. 25.7161.38% in the 14/30 group (Fig. 2A). The mean

Selected images of olfactory bulbs were taken with an decrease in the total section surface area of deprived
Axiophot Zeiss photomicroscope and analyzed with the related to non-deprived bulbs in all experimental groups
1.55 NIH Image program in a 660 AV Macintosh computer was 32.8160.78% (P,0.001). Both factors, age (A) and
coupled to a digitizer tablet (KURTA IS/ONE) to measure duration (D) of deprivation are significant for this effect.
surfaces and cell densities. The same person delineated and The mathematical model obtained for the percentage
measured all the sections. surface decrease (SD) is described by the formula: SD5

To quantify the effects of deprivation on the olfactory 30.5920.45 A10.09 D. Age and duration are expressed in
bulb surface we compared a section of the deprived days. In this model the age has a negative and relatively
olfactory bulb with the corresponding section of the non- high coefficient; the earlier the deprivation age the higher
deprived one at each level and in each animal calculated the reduction in surface. The duration of deprivation has a
the percentage reduction of deprived olfactory bulb surface positive and five times smaller coefficient. The differences
(DOB) related to the non-deprived (NDOB), using the in total surface area between deprived and non-deprived
formula: 1003(NDOB–DOB)/NDOB. We obtained, from sections in all the six levels were significant but were
representative sections of each one of the six bulbar levels, greater and more significant in levels 3 to 5. To illustrate
the mean of each animal and from them the mean and this effect, we have represented only the reduction in total
standard deviation of each experimental group. In this way section surface area in the six levels for the 1/60 and 1/30
we studied the total surface, the surface of each bulbar groups in which the effect of deprivation was more
layer, the TH and calbindin-immunoreactivity and the pronounced (Fig. 3A).
NADPH-diaphorase activity in the glomerular layer. Since Each olfactory bulb layer has a different response to
the olfactory nerve layer had great variability due to the functional deprivation. Thus, the surface area of the
histological procedures, we did not measure this layer and glomerular layer (GL) decreased in the deprived bulbs of
the total surface of each section was measured without the all the experimental groups a mean percentage of
olfactory nerve layer. To quantify the TH and calbindin- 24.9361.12% (P,0.001) of non-deprived ones and the
immunoreactivity and NADPH-diaphorase activity, the differences among groups of olfactory deprivation (Fig.
number of positive cells was counted using the 1.55 NIH 2B) were not statistically significant. Neither age nor
Image program. The density of positive cells was calcu- duration fulfilled the significance level to enter in a
lated and its percentage reduction in the same way as that mathematical model. In the glomerular layer, the largest
for the surface reduction. section surface area and the highest differences between

The paired t-test and an estimate multiple regression deprived and non-deprived bulbs were also found in the
model [60] was used in order to estimate the percentage central levels (Fig. 3B).
reduction according to the age and duration of deprivation. We have also studied the number of glomeruli and the
The model will only contain significant factors selected by mean glomerular surface area by section. The number of
a stepwise procedure. The significance level was placed at glomeruli by section suffer, in the deprived bulbs, a mean
0.05. The SAS statistical Package (SAS Institute Inc.) was decrease of 6.361% (P,0.001) and the differences among
used to perform these analysis. the different experimental groups were not statistically

significant. The number of glomeruli is also higher in the
central bulbar levels. The mean glomerular surface area in

3. Results deprived bulbs decreased a mean percentage of
19.6961.07% (P,0.001) with no significant differences

A complete closure of the operated naris was obtained in among groups. The central levels also showed the highest
75% of experimental animals and only completely oc- glomerular surface area and differences between deprived
cluded animals were used in this study. The non-deprived and non-deprived bulbs. In these two parameters no
olfactory bulbs did not show significant qualitative or variable fulfilled the significance level to enter a mathe-
quantitative differences compared to the control ones. All matical model.
deprived olfactory bulbs had an evident decrease in size The surface area of the external plexiform layer (EPL)
with reduction in their three diameters. in the deprived bulbs decreased in relation to non-deprived
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Fig. 1. Coronal sections of non-deprived (A) and deprived (B) gerbil olfactory bulb (1 /60 group) stained with Cresyl violet. In the deprived bulb the
histological structure is maintained in spite of its reduced size. Scale bar: 500 mm.

bulbs, between 44.9461.52% (1/60 group) and significant factor for the mathematical model of surface
31.1261.63% (14/30 group). The graphic representation area reduction of this layer, SD522.0520.61 A. Thus,
of this layer surface reduction (Fig. 2C) gives a similar surface reduction is about 24% if deprivation is made at
pattern to those of the total surface. The mean decrease birth and decreases as age of deprivation increases.
was 39.37 61.02% (P,0.001). The surface area decrease The internal plexiform layer (IPL) was the most sensi-
model for this layer is: SD535.9220.55 A10.14 D. As tive layer to functional deprivation in the gerbil olfactory
well as for the total surface area, age and duration of bulb, since the IPL surface of the deprived bulbs suffers
deprivation are significant factors and also they have the highest reduction related to the non-deprived ones (Fig.
similar coefficients. Consequently, surface area reduction 2E). This surface reduction varied between 49.0361.68%
was higher in the neonatally deprived groups than in the (1 /60 group) to 35.4662.18% (14/30 group). The mean
other groups. Longer periods of deprivation also lead to of all experimental groups was 42.1961.27% (P,0.001).
higher percentages of reduction. The differences in the The model formula for IPL is: SD534.3920.47 A10.21
surface area of this layer between deprived and non- D. In this layer the effect of deprivation duration seemed to
deprived bulb were significant in all the studied levels be more significant than in other layers due to its higher
(Fig. 3C) and higher in the central levels, as they were in coefficient. Despite its small surface this layer had the
general for the parameters studied. most significant surface reduction in all the studied levels

The mitral cell layer (MCL) underwent the smallest (Fig. 3E).
decrease in surface area of the studied bulbar layers (Fig. The deprived granule cell layer (GCL) showed a surface
2D). The percentage of surface area reduction in the decrease from 31.7462.25% (1/30 group) to
deprived side varied from 24.3662.17% (1/60 group) to 21.4261.78% (14/30 group) (Fig. 2F) with a mean of
11.3361.77% (14/30 group) with a mean of 18.25 61.27 28.88 61.07% (P,0.001). Only the age of deprivation is a
(P,0.001). The surface area of this layer and the differ- significant factor for the model of this layer: SD531.492

ences were also higher in the middle sections of the 0.43A. Decrease is more significant in the central levels
olfactory bulb (Fig. 2D). Only age of deprivation was a where the layer surface was also higher (Fig. 3F).
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Fig. 2. Percentage of surface area decrease of total surface area (A) and surface area of different layers (B to F) of deprived olfactory bulbs related to
non-deprived ones in the different experimental groups. (B): Glomerular layer. (C): External plexiform layer. (D): Mitral cell layer. (E): Internal plexiform
layer. (F): Granular cell layer.
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Fig. 3. Comparison of total surface area (A) and surface area of different layers (B to F) of gerbil deprived (D) and non-deprived (N) olfactory bulb of 1 /60
and 1/30 groups in the different studied levels. (B): Glomerular layer. (C): External plexiform layer. (D): Mitral cell layer. (E): Internal plexiform layer.
(F): Granular cell layer.
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The subependymal layer (SEL) suffered the smallest The periglomerular immunoreactive cells have their bodies
surface reduction and was also very variable. For these stained as well as dendritic processes and some of their
reasons we decided not to make further analyses of this axons (Fig. 4A). These periglomerular cells comprise
layer. different morphological types with neuronal bodies ranging

In control and non-deprived gerbil olfactory bulbs the between 8 and 12 mm in diameter although some positive
tyrosine hydroxylase-immunoreactivity (TH-IR) is, as in neurons were larger. In the GL-EPL relatively abundant
other species, mainly located in the GL with some TH-IR cells were observed. In this zone the neuronal
scattered immunoreactive cells in the EPL, MCL and GCL. bodies were larger, some of them reaching 20 mm or more

Fig. 4. Coronal sections of gerbil non-deprived (A, C and E) and deprived (B, D and F) olfactory bulbs immunostained for TH (A and B) and calbindin (C
and D) and histochemically reacted for NADPH-diaphorase activity (E and F). The deprived bulbs show a greatly reduced reactivity for TH (B) but not for
either calbindin (D) or NADPH-diaphorase (F). Scale bar: 50 mm.
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of body diameter. Due to their intraglomerular ramifica- layer. These cells had different morphology, generally
tions some of these neurons could be external tufted cells stellate. Their soma size was medium or large, some of
whereas others bearing horizontally or verticatlly oriented them being over 25 mm in diameter. They had few stained
dendrites could be different types of external short axon dendrites which were usually very long. Functional depri-
cells. Very few positive cells were distinguished in the vation did not alter the morphology of the diaphorase
EPL, MCL and GCL. After olfactory deprivation, TH-IR positive cells (Fig. 4F) and the density of these neurons in
drastically decreased in all experimental groups. In de- the GL did not show statistically significant differences
prived olfactory bulbs, immunoreactivity is lost mainly in after olfactory deprivation.
the finest dendritic ramifications and axons with immuno-
reactivity decreased to some sparse neuronal bodies (Fig.
4B). The deprived glomeruli did not lose their TH-IR
homogeneously since some of them are almost completely 4. Discussion
depleted while other adjacent glomeruli maintained some
TH-IR. We counted the positive cells and the GCL surface The macroscopically observable hypotrophy in the
by section and calculated the immunoreactive cell density deprived gerbil olfactory bulb is more constant and re-
as well as the percentage decrease in TH-IR cell density. producible than we have observed in rats [47]. The total
The percentage of TH positive cell density decrease in the surface decrease obtained in our experiments, ranging
deprived bulbs was significant (P,0.001) in all the studied between 25 and 36%, could represent a volume reduction
groups with a mean reduction of 76.1166.59% and non- between 43 and 59%, considering the olfactory bulb as a
significant differences among groups. regular cylinder whose diameters decreased proportionally.

Calbindin-immunoreactivity (CB-IR) in the control and This reduction in size is greater than that obtained in the
non-deprived gerbil olfactory bulb was also found mainly rat which was about 25% [50,51], about 26% in the mouse
in the periglomerular cell layer with sparse immuno- [14] and similar to that of a precocial rodent, the spiny
reactive cells in the other layers. In the GL, immuno- mouse, about 40% [17]. As the gerbil olfactory bulb
reactive cells were periglomerular with neuronal bodies develops more slowly than those of the rat and mouse and
between 8 and 10 mm in diameter and a relatively all of them more slowly than the spiny mouse olfactory
morphological variety including cells bearing biglomerular bulb [46,48], it does not seem to be any correlation
dendritic arborizations (Fig. 4C). In the GL-EPL border between sensitivity to functional olfactory deprivation and
there are some CB-IR cells with extraglomerular dendritic developmental precocity in rodents.
arborization in vertical or in horizontal arrangement. In the The mathematical model obtained from our experiments
internal bulbar layers positive cells were very scarce. In the for the percentage of total surface decrease after depriva-
deprived olfactory bulb the CB-IR cells (Fig. 4D) were tion may describe any particular case within our ex-
similar to those of the non-deprived one but their immuno- perimental conditions, deprivation age (1–14 days) and
staining was weaker. The differences in CB-immuno- duration (30–60 days). This model quantifies the previous-
reactive cell density between deprived and non-deprived ly stated observations in other species that the earlier the
olfactory bulbs were non-significant in all the experimental age or longer the duration of deprivation the higher the
groups studied. CB-immunoreactive cell density was high- surface or size reduction [18,27]. Although this formula is
er in the central part sections, levels 3 and 4, of the only appropriate for our experimental conditions, the
deprived and non-deprived olfactory bulb than in the more negative and high age coefficient suggests that if depriva-
rostral or more caudal levels. tion were performed in adult animals (30 days old) the size

The histochemical reaction for NADPH-diaphorase ac- reduction would be around 19%. This hypothetical de-
tivity, in the control and non-deprived bulb sections, stains crease is similar to the 20% size reduction obtained in
the GL and GCL strongly, the EPL weakly and MCL and adult spiny mouse deprived on P30 [17] and higher than
SEL were not stained. In the GL, glomeruli and perig- the 12.9% obtained in adult rats after 60 days of depriva-
lomerular cell were stained (Fig. 4E). Some glomeruli tion [23]. Deprivation duration is the other factor in this
were deeply stained in the dorsomedial and dorsolateral mathematical model. In the gerbil, longer periods of
parts whereas other glomeruli are faintly or not stained. deprivation lead to larger size reduction, the maximum
The soma of the NADPH-diaphorase positive periglomeru- being reached after 60-day deprivation. This period is
lar cells is rounded and small (8–10 mm in diameter) and longer than that described in the rat where the highest
their dendrites, without labeled spines, are ramified into effect is reached after 30 days of deprivation [27,51] and
both stained and non stained glomeruli. Some superficial decreases a little after 60 days [51]. The more pronounced
short axon cells are stained in the GL-EPL border. We also total surface reduction in the bulbar central levels in gerbil
found some faintly positive cells in the EPL. In the GCL, could be explained by the fact that these sections have
in addition to strongly stained neuropile and fibers, there more surface and hence all functional effects can be more
was a relatively high number of strongly NADPH-diaphor- pronounced.
ase positive cells, some of them close to the white matter To compare different bulbar layer plasticity under our
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experimental conditions we can consider, for example, the period [34,35] a decrease in their number must be due to
1/60 group. The layers ordered from the most to the least neuronal death.
sensitive are IPL, EPL, GCL, GL, MCL and SEL. Both The GCL has consistently been found to shrink after
plexiform layers are more sensitive than the total surface functional deprivation in the rat [30], mouse [14,25] and
(32.4761.06%) whereas GL, MCL and SEL are less spiny mouse [17]. This size decrease has been related to
sensitive and the differences between the surface per- delayed postnatal granule cell development [13] and also
centage decrease of these layers and that of total surface to a decrease in the number of reciprocal synapses between
were statistically significant. The GCL did not show mitral and granule cells in deprived mouse [14]. By
significant differences with the total surface. contrast, the paraventricular zone of the olfactory bulb has

In the GL we obtained a surface reduction of about 25% been reported not to show any changes after functional
with no significant differences among groups and neither deprivation [14,50]. This area appeared to decrease a little
age nor deprivation duration are factors for this reduction. in our study, although no morphometric analysis was
We can infer that whatever the factors may be, functional performed on it.
deprivation will cause approximately the same effect in The general arrangement of TH-IR cells observed in the
this layer. Since, in our experiments, the decrease of GL non-deprived gerbil olfactory bulb is similar to that
surface is larger than that of glomerulus mean surface, the described in other rodent species [29] but we find less
interglomerular neuropile must be more sensitive to depri- types of interneurons than have been described in the rat
vation than the glomeruli and more similar to the plex- and mouse [8,33,44].
iform layers. The reduction in glomerulus mean surface of The reduction in TH-IR that we obtained in the gerbil
deprived gerbil may correspond to a simplified synaptic deprived olfactory bulbs was very high. However, our
organization subsequent to reduction of intraglomerular quantitative results do not evidence the magnitude of
dendrites as observed in deprived mouse olfactory bulb immunoreactivity loss since we only counted the number
[14]. However, Meisami’s group [50,51,54] did not find of TH-IR and our semi-automatic counting system consid-
any significant size variation in deprived rat olfactory ered a cell as positive cell even if it only showed
glomeruli. The reduction observed in number of glomeruli immunoreactivity in the cellular body. TH-IR decrease has
by section in deprived gerbil olfactory bulb is statistically been shown to be a consequence of a down-regulation of
significant, whereas in the rat a decrease has been reported dopamine synthesizing pathway [9,41,45]. The TH and
but without statistical significance [50,51,54]. The reduc- GABA (or GAD) are co-localized in some of the perig-
tion in glomeruli number by section together with the lomerular cells in rat olfactory bulb [32,41,43]. After
decrease in section number due to bulb hypoplasia could functional deprivation most of the TH-IR disappeared but
indicate that the number of glomeruli is actually reduced GAD-IR remained [6,42].
by deprivation, although the reduction in glomerular After olfactory deprivation in rodents some degree of
surface may account for part of the reduction in number of variability in TH-IR loss has consistently been observed
glomeruli. [5,6,42]. The deprived gerbil olfactory bulb showed a very

In our experiments, the layer which undergoes the most extensive and constant loss of TH-IR although there were
significant surface decrease is the IPL. Similar results have some glomeruli which maintained a small TH-IR. These
been obtained in rat and mouse [16,50,51,54]. This layer is results have been considered to be due to a septal window
made up of secondary dendrites of mitral and tufted cells, between both nasal fossae which could allow stimulation
granule cell processes and different types of short axon in some areas of the deprived olfactory mucosa [4,37,40]
cells. Surface decrease of this layer could be due to an and to retronasal stimulation through the choanae [21].
alteration in development producing a lower size, number These possibilities might explain the detection of odors in
and extension of neuronal processes mainly of mitral, rats with an occluded naris and contralateral bulbectomy
tufted and granule cells. The high sensitivity of EPL to [63]. Since we did not find any inter-septal communication
functional deprivation is concordant with the observation in gerbil nose we consider that our experiments support
that in rats deprived at P20 the EPL is the only layer which possible olfactory stimulation through the posterior nasal
undergoes some degree of size decrease [12]. openings.

In the MCL we also observed a significant surface Calbindin-immunoreactivity was found in non-deprived
decrease, about 18%. The results in deprived rat MCL are gerbil olfactory bulb almost exclusively in periglomerular
controversial since some authors have found a decrease of cells and we did not find either horizontal or vertical
25 and 45% in mitral and tufted cell number respectively oriented cells described in the rat IPL-GCL border [15,22]
after functional deprivation [50,51,54] but Benson et al. and in hedgehog olfactory bulb [1]. In fact we found very
[14] did not observe any decrease in number of principal few positive cells in GCL. These observations indicate that
cells except for their size and dendritic ramifications. As regarding CB-positive interneurons, gerbil olfactory bulb
we did not count the mitral and tufted cells, our results organization could be simpler than in other mammals such
could be explained by either or both processes. Taking into as rat and hedgehog.
account that these neurons are differentiated in the prenatal After olfactory deprivation, CB-IR cell density in



44 L.A. Vallejo et al. / Developmental Brain Research 122 (2000) 35 –46
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