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Abstract

Introduction: Sense of smell represents an important system with a great impact on our life, since it allows recognizing the chemical signals from the
environment and its direct involving in routine life. The loss of smell leads to a critical issue in patients’ life. The olfactory disfunction is a result set up
by many etiologies; from posttraumatic to neurodegenerative disorder. Our study focused on patients afflicted by general post viral olfactory deficiency
since they represent the largest number and the etiopathogenesis is related to olfactory mucosa degeneration. Idiopathic anosmia and anosmia related
to rhinosinusitis were excluded given the unknown cause and the chronic phlogistic process they related to, respectively.

Objective: Human olfactory processing is determinate by the smell perception of the nasal olfactory epithelium, localized in the upper part of nasal
cavities. This precious nervous structure can be damaged by multiples agents such as virus, chemical substances. During the years, olfactory training,
with its daily exposures to a range of odorants, proved to be an important means to enhance the olfactory disorder. Patients with post viral olfactory
disfunction can improve their impaired smell sense through olfactory training practice to restore its physiological function. The objective of our study
is to evaluate the effectiveness of an olfactory training made of two substances, the Hyaluronic Acid (HA) and mint flavor in the treatment of post viral
olfactory disfunction.

Methods: 150 patients with olfactory disfunction were enrolled in our study and divided in three groups of 50 each one. The patients underwent to
a treatment based of hyaluronic acid, known for its reparation tissue quality, and a precise pure olfactory stimulus represented by the mint flavor to
stimulate regeneration of olfactory neurons. Every group was submitted to a precise olfactory therapy (hyaluronic acid, mint flavor solo or the dual
combination) for three months, twice a day.

Results: The data display the dual treatment of hyaluronic acid combined with mint improved the impaired olfactory perception by 50% of their optimal
value. Hyaluronic acid associated with the pure mint olfactory essence found out to be more effective than the use of both materials alone and have a
more valuable statistic data (p <0.001).

Conclusions: Hyaluronic acid, with high molecular weight and hydrophilic nature, can form viscous water solutions and has uninflammatory properties,
while mint oil is well-known to stimulate the olfactory and trigeminal nerve. Our study aimed to evaluate the effectiveness of administrating the two
substances in the treatment of post viral olfactory pathologies. We concluded the two substances can be associated in the olfactory training with mostly
higher results than the two used alone.
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Introduction chemical warning sensor for safety issues, and is directly involved in

o . . the social relationships [1].
An unimpaired sense of smell allows us to perceive the chemical

signs the environment is made of, by doing this, the sense contributes Nowadays it is well known smell disfunction is increasing with
to determinate significantly the quality of our lives. One of its main age, with a higher prevalence in male than female. The prevalence of
characteristics is focus on the attention toward the hazards and the sense disfunction in the population has been reported between 9,5
positive items ordinary life is characterized. The smell is considered and 15,3% [2,3].
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As it regards the smell nervous processing, the whole system is
based on a single cranial nerve that mediates data from the olfactory
neuroepithelium to the brain. Olfactory perception starts at the level
of the olfactory epithelium in the olfactory cleft, situated in the nasal
cavities. The Olfactory Epithelium (OE) of vertebrates has the property
to have a highly regenerative neuroepithelium which is maintained in
natural conditions by a population of stem, progenitor and Globose
Basal Cells (GBCs). Olfactory Receptor Neurons (ORN) are embedded
within the respiratory epithelium and the axons through the cribriform
plate. The key to olfactory information processing is based on the action
of Olfactory Receptors (OR). All ORN converge in the same site within
the bulb, called “glomerulus” Then the fibers directly project to the
pyriform and entorhinal cortices as well as to the amygdalae (“limbic
system”), in memory and emotional processing [4]. Several causes,
from posttraumatic injury to neurodegenerative disorders, can lead to
an impaired smell function; each one with different mechanism, still
not completely ruled out. Upper Respiratory Tract Infection (URTI)
is one of the leading causes of post viral olfactory impairment. The
precise mechanism and harm location are still unknown; nevertheless,
a direct damage of the olfactory receptor cells is very likely. The
affected patients usually report a spontaneous recovery which might
occur within 2 years, but the improvement reported to be modest, and
likely in younger patients [5]. No prognostic items predict the clinical
outcome and up to now, no effective therapy exists. Despite that, a
specific olfactory training, applied twice a day over a period of 3 months
at least, emerged as a promising therapy in promoting the olfactory
regeneration [5]. The patients with olfactory loss due to general post-
infectious disease can have an increase of smell sense with olfactory
training [6,7]. The pathophysiological mechanism for successful of
smell training is due to involve increased regenerative capacity of
neurons as a result of repeated odorant exposure and due to plasticity
of the olfactory sensor. The exact mechanism is still unknown, but
many studies had demonstrated the increase of the smell identification
after the specific training with intense odors such as lemon, mint, and
cloves. In fact, a pure olfactory stimulus is well known to increase the
perception of the aromatic substance by the receptor in smell area and
mint oil is renowned to stimulate the olfactory and trigeminal nerve
[8]. Starting from this premises giving a pure olfactory stimulus for
the smell training (mint odor) could improve olfactory functions, and
its association with another regenerator tissue substance as Hyaluronic
Acid (HA) could be able to speed up the recovery of the olfactory
damage. The study aimed to evaluate the effectiveness of administrating
a dual therapy with hyaluronic acid and a mint olfactory in the
treatment of URTI post-viral olfactory disorders.

Methods

It is well known to stimulate regeneration of olfactory neurons; it
is necessary to administrate a pure olfactory stimulus as a part of the
olfactory training. For this reason, we decided to submit a treatment
based on hyaluronic acid which is able to increase tissues reparation to
a precise pure olfactory stimulus such as mint odorant. A total of 150
patients affected by post-viral hyposmia-anosmia were enrolled, and
they were provided for a treatment based on a randomized in a single
blind in the various defined groups. A group of 50 patients underwent
a treatment with only hyaluronic acid, a group of 50 patients with
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hyaluronic acid plus mint and a group of 50 patients with only mint
in solution. Patients were given a solution by intranasal nebulization
made of ha 0.3% in association with mint 0.1% as pure olfactory
essence. They were treated twice daily for a period of 3 months.

Before starting the therapy, every patient underwent an endonasal
endoscopy in order to verify the absence of organic obstruction at the
level of the olfactory fissures and spheno-ethmoidal recess bilaterally.
All patients then underwent the Sniffin Sticks test kit from Dresden
university which involves: standard identification test (the patient
is exposed for a few seconds to 16 felt-tip pens with different smells
and has to choose between 4 possibilities), discrimination test (the
discrimination test requires to where three olfactory elements are
submitted to him with eyes closed, two equal and one different, he
must indicate the one different from the two, identification of the
substance is not necessary) and threshold test (used to verify the
minimum concentration at which the patient can perceive an olfactory
substance). The sum of the scores from the three subtests resulted in
the TDI-score (Threshold, Discrimination, and Identification) with a
maximum of 48 points. The test was performed before the treatment
and after one month of the end of the treatment. The primary end point
is given by the number of patients who have recovered the olfactory
function (Table 1). The secondary end point (Table 2) is given by:

1. The number of patients with the 50% improvement compared
to the basal

2. 'The number of patients with the 25% improvement from
baseline.

The statistical analysis used for the data was Fisher’s Exact Test
significant for “adjusted” P-Values less than 0.05.

Our study was approved by ethical committee IJARA1202015 -
1.2.2015

Table 1: Analysis of Primary Endpoint.

Statistical Model Information

Statistical Test Fisher’s Exact Test
Tails for discrete tests Two-tailed
Strata weights None
P-value adjustment Permutation
Number of resamples 1000
Seed 764511

Statistical data used for analysis

Table 3: Patients data and result of sniffing stick test

Statistical Model Information

Statistical Test Fisher’s Exact Test

Tails for discrete tests Two-tailed
Strata weights None
P-value adjustment Permutation
Number of resamples 1000
Seed 764511

Statistical data used for secondary endopoint analysis
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Results

All groups are homogenous for gender; age and the time of begin
of the pathology (Table 3). The medium age is equal in all three groups
of patients. The onset of hyposmia is various from 9 to 11 months. The
TDI score before the start of the treatments is from 19 to 22 score.
All the patients underwent to the therapy and concluded the cycle
of therapy, medical control and Sniffin Sticks test. According to the
data analysis, HA in association with the pure mint olfactory essence
is more effective to improve olfactory perception by 50% of their
optimal value than the use of both treatments alone (Figure 1) and it
demonstrated to have a more valuable statistic data (p<0.001).

Discussion

Post viral olfactory disorders following Upper Respiratory Tract
Infection (URTI) are documented in many studies and typically
associated with common cold or influenza. The exact pathogenesis and
location of the epithelial damage caused by URTT remains still unclear,
even if a damage of the olfactory receptor cells is very likely. The onset
of the olfactory disease is typically sudden but many patients delay the
medical consultation since they assume the smell deficit is just transient.
The olfactoryloss is indeed too often underestimated, both from medical
and patient points of view. The smell sense is usually considered as a
“forgotten sense” and its importance is realized only when it is missing.
Furthermore, the diagnosis and treatment of patients come too late in

Table 3: Patients data and result of sniffing stick test

Hyluronic alone | Hyluronic + mint | Mint alone
Medium age 54 56 56
m/f 25/25 27/23 24/26
TDI score before treatment 20 19 22
TDI score after treatment 22 31 23
Time iposmia begining (month) 10 11 9
P-value P=0.2 P<0.001 P=0.198

The medium age of the three groups is uniform.

The age of the three groups is uniform.

The beginning of iposmia is similar in the three groups.

TDI: The better result is in the group of patients treated with hyaluronic acid plus mint,
this is statistically significative.

Figure 1: TDI Score.
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The value of the TDI of the three groups after therapy. The better results is the group
treated with hyluronic acid with mint that results statistical significative p<0.001.
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order to be useful to restore proper olfaction’s functionality. For this
reason, it is useful to investigate accurately the olfactory loss in every
patient referring smell impairment after an URTT episode, so that the
damage can be treated as soon as possible. Spontaneous recovery can
occur in about one third of patients with postviral olfactory diseases
and it is more frequent in younger patients than in the elderly [9]. The
individual prognosis is challenging to make and no clinical factors are
predictable of a good outcome. It is known the longer the disease has
been lasting, the less likely is a recovery, although a timing of 2 years
represents the highest chance of recovery [10]. Nowadays, no effective
therapy still exists but olfactory training appears to be promising in
increasing the regeneration of olfactory function [11]. The olfactory
training can be helpful in the recovery of smell loss. The training consists
in exposing patients with smell loss with selected odors twice a day for
over a period of 12 weeks. The utility of olfactory training in a group
of patients with olfactory loss due to post-infectious, posttraumatic
or idiopathic etiologies was investigated by Konstantinidis et al. In
this study forty of these patients underwent the olfactory training
twice-daily with 4 odorants: rose, eucalyptol, lemon, and clove, and
they compared the final result, tested with Sniffin Sticks test, with the
patients who did not perform olfactory training [12]. They found out
the training group significantly improved at 12 weeks, whereas the non-
training group did not [12,13]. Even group Geifiler et all. demonstrated
improved psychophysical test scores following prolonged training (32
weeks) [14]. In a randomized, controlled multicenter study, Damm et
al. demonstrate that olfactory training with high odor concentrations
resulted in greater improvement than very low odor concentrations
[15]. So far olfactory training has gained successful results and suggests
it may be a helpful supplement for recovery in patients with smell loss.

As it is known, the damage of smell function is often caused by an
injury of the sensory epithelium, the harm, at first, causes alterations
in the mucosa and receptors, and often causes alterations of the nerve
transmission along the course of the olfactory nerve. The repair of
damage in the olfactory area is the first action to be encouraged, keeping
in mind that the olfactory area has the intrinsic property of continuously
regenerating itself over life’s course. This feature is linked to the presence
of a significant amount of stem cells, which have the potential to
transform themself into olfactory neurons. Hyaluronic Acid (HA) is an
extracellular matrix component consisting of glycosaminoglycans with
long polysaccharide chains with molecular weights from 1 kDa up to
8 MDa. HA is produced in the cytoplasmic membrane of mammalian
cells by three Hyaluronic Acid Sintetasis HAS membrane enzymes.
HAS-1 is responsible for the production of medium to high molecular
weight HA (200-2000 kDa), HAS-2 for high molecular weight HA (2000
kDa) and HAS-3 for low molecular weight HA (< 300 kDa) [1,4,7].
HA is continuously extruded through the plasma membrane and it
provides a hydrophilic viscous that facilitates cell motility, proliferation
and differentiation [5,16]. Its metabolism is regulated by HAS and the
plasma concentrations through hyaluronidases enzymes [3,17,18]. The
hydrophobic groups and the degree of HA are important for the formation
of amphipathic structures to create aggregates in water, generating
physical hydrogels [19]. Hydrophobized or crosslink allow HA to have
a higher resistance to biodegradation and viscous supplementation
[4,20,21]. In literature, many studies had proven the effectiveness of the
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HA in remodeling the damage of nasal mucosa, facilitating the tissue
hydration. In fact, the HA acts as a mucosal lubricant and it is able to
influence the nasal bio-mechanical forces, hydric balance, cellular
functions, growth factors activity and cytokines behavior. In this way the
substance improves the capacity of the cell to carrier the essence to the
olfactory area and keep remaining there for longer to stimulate the stem
cell to be transform in olfactory receptor [22-24]. It is reported nebulized
HA acts positively in determine a significant reduction in nasal exudate
and inflammatory cells. It improves the microbiological status, nasal
respiratory patency, mucociliary clearance and regulation of mucosal
glands secretion in many ENT disorders [25]. HA shown to improve
not just the sinonasal symptoms, such as nasal obstruction, but even the
olfactory ability in CRSsNP patients [26]. All things considered, HA can
be considered effective in modulation of the inflammatory response,
being a useful tool for the improvement of reactivation of the normal
tissue functions (remodeling) [22-27].

In order to obtain a more successful regeneration of the olfactory
tissue, we considered necessary the association of the HA with another
substance as a pure olfactory stimulus. For this reason, the dual treatment
was created involving HA, capable of accelerating the damage heal at the
olfactory level, in association with a precise pure olfactory odorant such
as mint odorant. They were submitted to patients as nebulized nasal spray,
twice a day. The proposal of our treatment was to stimulate the supposed
damaged area of the smell function with an early prompt therapy. The
administration of the dual substances improved the olfactory function in
the patients group submitted with statistically significant results. For this
reason, we can say the synergy action of both elements demonstrated to
act in a more effective way than the administration of the solo treatment.

Conclusion

Our study found out the combined action of HA and mint has
proven its efficiency in improving the smell functionality in patients
with olfactory disfunction after viral damage. Furthermore, nowadays
no specific and valid treatment still exists as an option for recovery
in these kinds of patients, highlighting the importance of the dual
association figured out. Nevertheless, during the years olfactory training
emerged as an effective improvement modality with great results in
olfactory disease. Therefore, more studies will be necessary to validate
this protocol of therapy, such an association with olfactory training.
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