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Abstract

Introduction: Nasal obstruction is a risk factor in sleep-disordered breathing with a negative 
impact on the quality of life in humans.

Objective: In this study we determined whether histological development of olfactory bulb 
development could be influenced by an early temporary (3 d) nasal obstruction associated with 
physiological state.

Methods: The rats were killed at specific time points after surgery. Plasma samples were taken for 
biochemical analyses, and histological measurements were performed. Shortly after nasal obstruction, 
the volumes of external plexiform (CPE), internal plexiform (CGI), and granule cell (CGr) was measured 
in both sexes of test rats compared with controls.

Results and Conclusion: Reversible nasal obstruction was further associated with reduced 
dimensions of the volumes of CPE (male: 55%; female: 37%), CGI (male: 49%; female: 34%) and 
CGr (male: 70%; female: 47%). Basal corticosterone levels had increased in female rats, however, we 
observed the lower level of thyroid hormone, especially in male experimental group.

We conclude that a 3-d nasal obstruction period in young rats leads to long-term hormonal changes 
was associated in modification of histological structural of olfactory bulb. 

saturation and respiratory frequency, with an increase in arousal were 
observed with nasal occlusion in preterm infants [13]. If untreated 
oral breathing in children can induce long narrow faces, narrow 
mouths, high palatal vaults, dental malocclusion, gummy smiles and 
other effects like skeletal facial profiles. These children do not sleep 
well at night and this lack of sleep can adversely affect growth and 
academic performance [8,14].

In other words, it is possible that nasal obstruction causes a loss 
of the sense of smell and this hyposmia could disrupt the orientation 
of young rats to the mother, with consequent deprivation of food and 
feeding. It has been shown in rats that deprivation of food for 3 days 
causes a diminution in thyroid hormones [15] associated an increase 
in stress hormones [16]. 

No study has shown the long-term impacts of early nasal 
obstruction, associated with oral breathing, on development of 
olfactory bulb in the rat. The aim of the present investigation was 
to evaluate the effect of early short-term (3 d) nasal obstruction, 
associated with oral breathing, on olfactory bulb long term (90 d, 
adult) impact. Our hypothesis was that nasal obstruction would have a 
significant effect on olfactory bulb development during the very short 
period of forced oral breathing. The effect of early nasal obstruction 
on olfactory bulbs and on hormonal status was also studied. In 
particular, the stress response and plasma levels of thyroid hormones 
T3 and thyroxine (T4) were evaluated to determine if these hormones 
could be implicated in olfactory bulb histology development during 
early nasal obstruction.

Introduction
Nasal obstruction is considered a risk factor in sleep-disordered 

breathing [1–3], which has a very negative impact on quality of life 
in children and adults with increased daytime sleepiness [4]. This 
symptom resembles that of obstructive sleep apnea (OSA) caused by 
episodes of upper airway obstruction leading to episodic hypercapnic 
hypoxia which alters upper airway muscle structure and fiber type 
expression [5]. The most common clinical manifestations of OSA 
are nocturnal snoring, respiratory pauses, restless sleep and mouth 
breathing [6]. This disturbed breathing is known to produce lethargy, 
cognitive impairment and sleep impairment, especially in children 
[7,8]

Chronic nasal obstruction is a non-specific condition observed 
in many pathological conditions, e.g. rhinitis. Nevertheless, because 
this disorder is not life threatening (at least in adults) its importance 
could be underestimated. Impaired nasal breathing results in 
obligatory oral breathing, which can be divided into two components: 
chronic absence of active nasal respiration that results in an olfactory 
deprivation [9], and chronic mouth opening [10] Furthermore, 
in contrast to oral breathing, nasal breathing allows the optimal 
conditioning of inhaled air, clearing, moistening and warming the air 
before gas exchange in the lung [11,12].

Obligatory mouth breathing has been observed in human babies 
and has been associated with a number of conditions that could 
have both short and long term effects on the physiology and thus 
behavior of these infants later on in adolescence. Decreases in oxygen 
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Methods
Animals

Forty-two male Wistar rats (IFFA-CREDO, France) were used 
for this experiment. The animals were born in the laboratory from 
twenty litters, culled to 7 pups per litter to ensure normal body 
growth. The animals were housed in standard cages under controlled 
temperature conditions (22 ±1°C). Food and water were available ad 
libitum throughout the experiment. From birth, the rats were kept on 
a reversed 12:12 light–dark cycle (dark period 08:00–20:00).

Nasal obstruction procedure
All experiments conformed to the Guide for the Care and Use of 

Laboratory Animals published by the National Institutes of Health 
(no. 85-23, revised 1996), the recommendations of the European 
Community Council for the Ethical Treatment of Animals (no. 
86/609/EEC) and the regulations of the University of Nancy 1. All 
efforts were made to minimise animal suffering. At the age of 8 days 
(D8), the litters were first anesthetised. Animals were weighed and 
they were then divided randomly into one control group and one 
experimental group (oral breathing). Bilateral nasal obstruction, 
resulting in forced oral breathing, was performed in experimental 
animals (7 per age) as described previously by Meisami [10], and 
Waguespack et al. [17]. The selected method consisted in the 
cauterisation of the external nostrils, which is the most common and 
simple procedure allowing spontaneous reopening of nostrils after 
4 days. The tissue surrounding the external nostrils was burned by 
placing a surgical cauterising instrument (1mm in diameter) on the 
nostrils, consequently occluding the orifice of the nostrils without 
mechanical or chemical damage to the olfactory mucosa. This 
procedure induced complete nasal obstruction between D8 and day 
11 (D11) with 100% of the nostrils spontaneously reopened by day 
15 (D15). 

The sampling experiments were conducted during complete 
nasal obstruction day 9 (D9) and day 11 (D11) and at 90 days after 
post-reopening of the nostrils, i.e. at the beginning of adulthood 
(Figure 1). The animals started breathing through their mouths 
immediately after nasal occlusion, as has been reported in infant 8. 
Nostril cauterisation earlier in life resulted in rapid death of the pups. 
In the control group (7 per age), the nostrils were not sealed but the 
cauterising instrument was placed about 1–2mm above each nostril 
to burn the skin. After cauterisation, the nostrils were washed with 

chlortetracycline (Aureomycine Evans 3%) to prevent infection. The 
pups were warmed (37 °C) for 30mn and returned to their mothers. 
Exploratory and feeding behaviours of the pups after weaning were 
the same for both cauterised and control group rat pups suggestive of 
no serious long term central effects of the treatment, especially in the 
forced oral breathing group [18].

Sample collection
Seven rats per group (control and oral breathing) and per sex 

(D90) were removed, immediately humanely killed, weighed and an 
intracardiac blood sample (500–1000 ml) was taken between 11 h and 
noon for hormonal measurements. Blood was collected over 1–2 min 
into sterile heparinised syringes fitted with a 26-G needle. Plasma 
was immediately separated from cells by centrifugation (4 °C, 15 min 
at 3000 rpm) and the extracts were stored at -18 °C until assayed. 
After blood sampling, olfactory bulbs, were removed bilaterally and 
weighed. 

Histology studies
Olfactory bulbs were removed, frozen rapidly in isopentane at 

-70°C, and stored at this temperature until sectioning. Serial coronal 
sections (30 μm) were collected on a cryostat and thaw mounted 
onto gelatin-subbed slides. Sections were dried on a hot plate for 1 
h, incubated in 10% formalin for at least 48 h, and stained with cresyl 
violet. Slides were then dehydrated, cleared, and coverslipped using 
DPX mounting medium (Aldrich, Milwaukee,WI). Volumes of the 
external plexiform (CPE), internal plexiform (CGI), and granule 
cell (CGr) layers (Figure 2) in both right and left olfactory bulbs 
were measured by projecting images at 403 onto a microcomputer-
controlled digitizing tablet and measuring the area of each lamina in 
every 10th section.

Each lamina was measured twice to determine the mean area. The 
volume of each layer in the right (experimental) and left (control) 
olfactory bulbs was then calculated as described previously [19]. 

Hormone assays
Corticosterone were measured without an extraction procedure, 

using a commercially available EIA kit and performed according 
to the manufacturer’s guidelines (Assay Designs Inc., USA). The 
concentration of corticosterone in plasma samples was calculated 
from a standard curve and expressed as ng/ml. The intra- and inter-
assay coefficients of variation were under 8.4 and 13.1 %.

Biological samples

Treatment
Oral

breathing

(control/oral breathing)
(control/oral breathing)

Figure 1: Time line of the experimental protocol.
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Thyroxine (T4) and triiodothyronine (T3) were assayed using 
commercial RIA kits and performed according to the manufacturer’s 
guidelines (Immunotech SA, Marseille, France). The concentrations 
of T4 and T3 in plasma samples were calculated from standard curves 
and expressed as pg/ml. The intra- and inter-assay coefficients of 
variation were respectively under 6.7 and 6.5% for T4 and under 6.4 
and 5.5% for T3.

Statistical analysis
The results were expressed as group means ± SEM. Student’s 

t-test was used to establish the comparison between control and oral 
breathing animals since all data were normally distributed. Body 
weight group differences were determined using a two-way ANOVA 
(factor treatment × factor age). Specific mean comparisons were then 
made using t-test with the Bonferroni correction. Differences were 
considered significant at P < 0.05.

Results
Morphometric characteristics

Before treatment, at 8 days of age, the body weights of control and 
oral breathing pups were not significantly different. In male group 
there are 17.78 ± 0.52 g and 17.95 ± 0.28 g, respectively (p = 0.14). 
The body weights in female was 16.58 ± 0.42 g and 16.32 ± 0.38 (p = 
0.48) respectively. Table 1 shows no differences in body weights were 
observed at 90 days in male (p = 0.28) and female group (p = 0.39). 
Relative olfactory bulb weights are presented in Table 1.

A significant reduction in olfactory bulb specific weight was 
found for in the nasal obstruction group compared to control animals 
(p < 0.0001). The reduction was 41% in nasal obstruction males and 
34% in female compared to control animals.

Histological study
To check whether nasal obstruction had affected the development 

of olfactory bulbs histology, the volumes of the external plexiform 
(CPE), internal plexiform (CGI), and granule cell (CGr) was 
measured (Table 2).

Results showed that nasal obstruction affect the development of 
olfactory bulb structure. In female group we observe the decrease 
volume of CGI (34%), CPE (37%) and CGr (47%). These changes are 

more important in male experiment group. In male, we observe the 
decrease volume of CGI (49%), CPE (55%) and CGr (70%)

Hormone assays
As shown in table 3, plasma corticosterone levels were significantly 

different between control and experimental female groups (p<0.001). 
We observe an increase of plasma corticosterone level (302. 76%). 

No difference was observed in thyroid hormones in female group 
(p>0.05). 

In male group Table 3 shown that decrease (p <0.0001) in plasma 
Thyroids hormones levels was observed (T4: 12%; T3: 27%). No 
difference was observed in corticosterone between control and male 
experimental group (P>0.05)

Discussion and Conclusion
Our data show atrophy of the olfactory bulbs. It is well 

established that induction of an obstruction nasal causes atrophy 
of the components of the olfactory system. This atrophy has been 
demonstrated not only in the olfactory mucosa, but also for the 
olfactory bulb [20,21]. Indeed, in the absence sensory stimulation, 
there is a decrease in the number of cells within the olfactory mucosa, 
lack of afferent from the mucosa leads to turn down the number of 
cells in the olfactory bulb. Two assumptions not exclusive can be 
advanced to explain these changes: a decrease in neo-neurogenis and 
/ or an increase in apoptosis [22,23].

Our results showed that early temporary (3 d) nasal obstruction 

Figure 2: Histology of olfactory bulb (CGI: internal; CPE: external plexiform; CGr granule cell).

Table 1: Effects of temporary nasal obstruction on body weight (g) and olfactory 
bulbs specific weights (mg/g) at 90 days in controls and animals exposed to 
nasal obstruction.

Females Body weight (g) Olfactory bulb (mg/g)

Control 264,44±4,1 0,22±0,01

Oral breathing 250,6±8,6 0,13±0,01*

Males

Control 394,18±8,65 0,3±0,01

Oral breathing 408,47±9,61 0,2±0,01*

Values are means ± SEM (n = 7/group/age).
*significantly different from control group at 90 days at P < 0.05.
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associated with forced oral breathing causes changes in olfactory bulb 
structure. Nasal obstruction was associated with a decrease of the 
volumes of the external plexiform (CPE), internal plexiform (CGI), 
and granule cell (CGr) in both sexes. Similar results had already been 
found by Meisami [1], who showed atrophy of the olfactory bulbs 
due to nasal obstruction. Several hypotheses had been issued: the first 
clear –cut demonstration of a growth inhibitory effect in a central 
sensory structure as a consequence of the mere lack of sensory input 
to that structure during critical period’s brain development. To be 
sure, true and complete differentiation with consequent axonic 
and synaptic degeneration has frequently been shown to result 
in reduced growth [24-26]. A number of causes may underlie the 
reduced growth in experimental group: reduction in rate magnitude 
of over –all protein synthesis related to growth; reduction in cell 
growth and differentiation, particularly with respect to dendritic 
and synaptic proliferation; reduction in glial and / or neuronal 
proliferation; reduction in lipid synthesis and myelin formation; 
reduction in electrical and other neurophysiological activities of the 
nasal obstruction as a consequence of decrease receptor and afferent 
stimulation; reduction in blood supply with a consequent state of 
under nutrition and lowered metabolism.

The decrease in the volume of histological layers of the olfactory 
bulbs could still involve other factors such as hormonal changes. 
Nasal obstruction was long associated with hypothyroidism in males 
and an excess of glucocorticoids in females. In fact, glucocorticoid and 
thyroid hormones receptor are present on cells of the olfactory bulb 
from the early stages of development [27,28]. Excess glucocorticoids 
and hypothyroidism have deleterious effects on synaptogenesis [29], 
and neuronal proliferation in the tendering components of olfactory 
system [30,31]. In the developing rodent brain hypothyroidism, 
induce various morphological abnormalities such abnormalities 
including: a) delayed proliferation and migration of granule cell 

layer (EGL) to the internal granule cell layer (IGL); b) decreased 
arborisation of Purkinje cell dendrites; c) decrease synaptogenis 
between parallel fibers and Purkinje cell dendrite.

In conclusion, the present study has shown that the structure 
of olfactory and the levels of plasma hormones can be altered by 
temporary nasal obstruction. For the first time we have demonstrated 
that olfactory bulb atrophy induces by the nasal obstruction can 
be explained by a change in the hormonal status observed in the 
experimental groups. This could indicate that our model of temporary 
nasal obstruction could be an appropriate model for looking at 
potential changes in hormones and other physiological parameters 
of rhinitis or other temporary obstructive nasal breathing pathology.
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