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Abstract: Respiratory infections are usually characterized by mucus hypersecretion. This condition
may worsen and prolong symptoms and signs. Mucoactive agents include different molecules with
different mechanisms of action. Sobrerol is a monoterpene able to fluidify mucus, increase mucocil-
iary clearance, and exert antioxidant activity. Sobrerol is available in various formulations (granules,
syrup, nebulized, and suppository). Sobrerol has been on the market for over 50 years. Several stud-
ies investigated its efficacy and safety in acute and chronic respiratory diseases characterized by
mucus hyperproduction. Seven pediatric studies have been conducted with favorable outcomes.
Recently, regulatory agencies reduced the treatment duration to three days. Therefore, a future
study will test the hypothesis that a combination of oral and topical sobrerol could benefit children
and adults with frequent respiratory infections. The rationale considers that mucus accumulation
could be a risk factor for increased susceptibility to have infections.
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1. Background on respiratory infections

Respiratory infections are extremely frequent diseases and constitute among the most frequent
causes of access to primary care doctors, as recently reported by a systematic review including data
from 12 countries across five continents [1]. Acute upper respiratory infections (AURIs) are prevalent
and usually recognize a bacterial or viral cause, although viral forms are the most common [2]. Many
viral agents may cause AURISs, but rhinovirus, coronavirus, syncytial, influenza, parainfluenza, ade-
novirus, coxsackievirus, echovirus, paramyxovirus, and enterovirus are the most common [3-8].
Moreover, viral respiratory infections are typically seasonal, such as increased infectivity during cold
seasons [9]. Namely, exposure to cold exerts different mechanisms to promote respiratory infections,
including impaired mucociliary clearance, deficient nasal defense, and reduced immune function
[10].

Clinically, we have to consider that all respiratory viruses may induce an influenza-like illness
(ILI), also named flu-like syndrome [11]. Indeed, ILI represents a typical acute viral illness and mim-
ics the clinical feature of influenza [12]. Also, ILI is an acute medical condition characterized by gen-
eral and respiratory symptoms. In particular, the definition of ILI (common throughout Europe) in-
cludes "any person who presents a sudden and rapid onset of at least one of the following general
symptoms: fever or feverishness, malaise/exhaustion, headache, myalgia, and at least one of the fol-
lowing respiratory symptoms: cough, sore throat, and wheezing" [13]. However, if milder manifes-
tations occur, the typical common cold has to be considered [14]. Even if AURI may be associated
with lower respiratory tract involvement, a healthy and immunocompetent subject usually presents
only symptoms concerning the upper respiratory tract. In addition, we must remember that common
cold and ILI are umbrella terms that include different conditions, including rhinitis, sinusitis, phar-
yngitis, laryngitis, otitis, and tonsillitis [15].
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These respiratory infections, mainly in children and adolescents, significantly burden the family
and society from a social and economic perspective.

1. Practical management

From a clinical point of view, AURI management is generally grounded in a quick treatment
that presumes a diagnosis usually based on clinical and epidemiological criteria [16]. The most com-
mon symptoms include sneezing, rhinorrhea, nasal congestion, hypo/anosmia, hypo/ageusia, facial
pressure, sore throat, cough, headache, discomfort, myalgias, and low-grade fever [17]. Notably,
these symptoms usually last less than ten days, apart from the cough, which tends to last longer [18].
Therefore, the treatment should be timely and appropriate for every single patient. However, if
symptoms persist longer or worsen, a trivial common cold may evolve into rhinosinusitis, needing
an appropriate work-up [19]. As mentioned above, it has to be underlined that the cough may last
even for more than a month in some subjects [20]. Another aspect that has to be considered is that
even if these symptoms commonly are self-resolving, they are still particularly annoying. The parents
want to solve them immediately, mainly if a fever is present. Namely, fever often instills fear in par-
ents, even unmotivated fear, so a real fever-phobia is generated [21].

Consequently, doctors prescribe symptomatic relievers as a first-line treatment [22]. The main
goal of treatment is, in fact, the prompt reduction of symptom intensity and duration. It is vital to
recommend to patients and parents that antibiotics should not be used unless a bacterial complication
occurs [23]. Usually, NSAIDs, nasal lavage, and non-pharmacologic remedies are sufficient to cure
rapidly the most acute viral infections [24]. Another aspect that we still need to consider has been
further emphasized by the recent COVID-19 pandemic [25]. Indeed, we have to believe that facing
an infection is always accompanied by inflammation [26]. As a result, inflammation dampening rep-
resents a leading therapeutical target in managing infections. The second lesson provided by COVID-
19 infection concerns the dramatic outbreak of other respiratory infections that occurred successively.
The explanation of this infections epidemy depends on the restrictive measure (lockdown, mask use,
and social distancing) that significantly diminished the incidence of respiratory infections. The para-
digmatic example was the negligible prevalence of bronchiolitis during the early COVID-19 pan-
demic [27]. However, since the slackening of restrictive measures, there has been a surge in cases of
bronchiolitis that has put a strain on the pediatric hospital network [28]. Consistently, the 2022/2023
seasonal influenza epidemic had an early onset, extraordinary incidence, clinical severity, and per-
sistent duration of the epidemic plateau [29]. Also, other respiratory infections spread at the same
time [30]. Therefore, respiratory infections have become increasingly impactful in daily life. In this
regard, a poorly trained immune system contributed significantly to this increased infection suscep-
tibility. Consequently, careful management of respiratory infections is required today, considering
all factors that could contribute to worsening the infection evolution.

1. The relevance of mucus hyperproduction in respiratory infections

The respiratory mucus secretion is a complex mixture produced by different structures, includ-
ing submucosal glands and secreting epithelial cells (goblet cells and Clara cells) [31,32]. The submu-
cosal glands are tubular/tubulacinar formations producing mucous, serous, or seromucous secre-
tions. The goblets cells are mucous-secreting cells intercalated in the cylindrical ciliated epithelium
lining, disappearing in the terminal bronchioles. The Clara cells are intercalated with the low or cubic
cylindrical epithelium, ciliated or not, which extends in a single layer along the peripheral airways.
These cells produce both a mucous secretion (like goblet cells) and a lipoprotein secretion (like type
B pneumocytes), which can be identified as an alveolar surfactant.

The amount of mucus produced depends on the number of mucus-secreting cells present at that
level, which in turn is related to the total surface area of the airways; thus, mucus production occurs
more in the peripheral airways than in the central airways [33]. Physiologically, an adult produces
about 10-100 mL of mucus per day, and the amount of mucus that reaches the trachea is approxi-
mately 10-20 mL/day [31,32]. The superficial layer constitutes the 'sol' phase of the mucus, very rich
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in water, about 3 microns thick, and occupies almost the entire length of the cilia of the epithelial cells
[34]. Above, there is a dense layer: the 'gel' phase. It mainly contains glycoproteins (mucins), charac-
terized by a central protein structure anchored to lateral polysaccharide chains formed by sialic acid
(sialomucins) or fucose (fucosomucins). In the gel layer, molecules with anti-infective activity exist,
such as secretory IgA (S-IgA), lactoferrin, and lysozyme. In addition, it has been hypothesized that a
third layer consisting of surfactant exists between the sol and gel layers [33]. Usually, only the gel
layer is transported, but the sol layer seems essential for mucus transport because it allows the cilia
to beat effectively [35]. Mucus transport is governed by the mechanical forces of ciliary beating and
airflow, counteracted by the friction and inertia of the mucus itself [36]. Mucociliary clearance is prev-
alent in the peripheral airways. Each ciliary cell has about 200 cilia, and the cilia are equipped with
'claws' that reach into the gel layer and push it toward the oropharynx [33,34]. The mucociliary clear-
ance efficacy depends on the airflow velocity, which is a function of the airway diameter and the
pressure the expiratory muscles create [32]. Moreover, in the first years of life, the small airways tend
to collapse during normal breathing, and the ciliary machinery develops progressively [37].

Mucus hypersecretion is a common manifestation shared by many pathological conditions of
both the upper airways (rhinitis, rhinosinusitis, pharyngitis, laryngitis) and the lower airways (acute
and chronic bronchitis, bronchiectasis, and pneumonia) [37].

Initially, the hypersecretion of mucus represents a defense system: the increased thickness of
the secretion promotes the clearance and dilution of soluble particles. The inflammatory vasodilata-
tion increases the secretory activity of mucous cells and the production of immunoglobulin and com-
plement fractions, enhancing the function of S-IgA. The quantitative increase in mucous secretion
may be associated with changed viscoelastic characteristics of the mucus, resulting from the preva-
lence of neutral mucins (fucosomucins) over acidic mucins (sialomucins and sulphomucins). From a
rheological point of view, neutral mucins are denser and more adhesive. Later, when hypersecretion
becomes excessive, the defensive role diminishes and can worsen respiratory infection because of
impaired mucociliary clearance, wall edema, and bronchial obstruction [38].

In chronic inflammation, the abundant secretions are only partially reabsorbed in the airways.
Also, hypertrophy and hyperplasia of the secretory structures contribute to maintaining hypersecre-
tion. In addition, vasodilatation and mucosal edema cause fluid supply into mucous glands, worsen-
ing hypersecretion [39]. In other words, a vicious circle starts and self-maintains: mucus hypersecre-
tion fosters further hypersecretion. As a result, to stop this negative loop, "mucoactive" drugs may be
helpful in clinical practice.

1. Muco-active drugs

Muco-active drugs are molecules able to modify viscous-elastic characteristics of mucus, pro-
moting its clearance. This definition disregards the specific mechanism of action. In particular, mu-
colytic medications can reduce mucus viscosity by depolymerizing mucin glycoproteins. Mucolytics
may be classified into two main groups: mucolytics with direct action and indirect action. Table 1
summarizes the classification of mucolytic agents based on the mechanism of action.

Table 1. Classification of mucolytic agents based on specific mechanisms of action.

Direct action - Thiolics - Cysteine
- Methylciytein
- Ethylciytein

- Acetylcysteine

- Erdostein

- Ludostein

- Stepronin

- Thipronin

- Mesna

Drugs depolymerizing mucins
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- Enzymes - Trypsin
Streptokinase
- Serratiopepti-
dase
- Stericase

- Other molecules

- Urea
- Ascorbic acid
- Hypertonic sa-
line
- Inorganic
iodures
J S-carbossimethyl-
cystein
o Sobrerol
Drugs modifying mucus secretion . Domiodol
. Hydropropy-
lidenglycerol
Drugs modifying adhesivity of gel
layer o Ambroxol
. Bromexine

o Propylene-glycol
o Etasulphate sodic
o Bicarbonate sodic

Indnject ac Drugs modifying the sol layer o H0
tion .
o Potassium salts
o Sodium salts
Volatile and balsamic agents
. Pinanes
- Terpenes
- Methanes
Drugs stimulating gastric reflex - Phenol derivates
(cough inducing)
- Ammonium chlo-
ride
- Sodium citrate
Drugs modifying secretion - Guaifenesin

- Ipecap

J -adrenergic agents
- cholinergic agents
- corticosteroids
. - antihistamines

In clinical practice, mucoactive drugs may be a therapeutic option in medical conditions charac-
terized by mucus hypersecretion [40]. In particular, mucolytics facilitate airway clearance in specific
diseases, including bronchiectasis, bronchitis, cystic fibrosis, and rhinosinusitis, with abundant mu-
cus production [41]. Also, mucolytics may relieve acute productive (wet) cough [41]. Several clinical
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studies investigated the usefulness of mucolytics in clinical practice. However, the evidence level
generally was weak, mainly for methodological issues. Anyway, mucolytics are used, usually prefer-
ring consolidated molecules, including sobrerol.

1. Sobrerol

Sobrerol has been on the market in many European countries for over 50 years since its launch
in the early 1970s. Sobrerol (5-hydroxy-a, a, 4-trimethyl-3-cyclohexene-1-methanol) is a monocyclic
monoterpene with two hydroxyl functions. Various effects characterize it (Figure 1).

OH
Sobrerol
N / \

Mucus Antioxidant Secretory-IgA
fluidification activity production
Mucociliary

clerance

Figure 1. Mechanisms of action of sobrerol.

In particular, sobrerol in vivo increased mucus production and ciliary motility, thus improving
mucociliary clearance [42]. In addition, sobrerol reduced the viscosity of tracheobronchial mucus
without causing any alterations of the alveolar surfactants [43]. Radical scavenging activities have
also been reported [44]. Finally, sobrerol may increase the production of secretory IgAs. Sobrerol is
available in different formulations, including syrup, water-soluble sachets, nebulization, intramus-
cular (or intravenous) vials, and suppositories. The main indication is the treatment of respiratory
disorders characterized by thick, viscous hypersecretion. The recommended oral dose in adults is 600
mg (equivalent to the contents of two sachets) per day for up to three days. In children, this dosage
is halved. The dose administered by the aerosol route is one vial for nebulization, containing 40 mg
of sobrerol, one to two times daily. Clinical studies in the literature have used a treatment duration
of up to three months or a maximum daily dosage of 900 mg for ten consecutive days [40]. The only
contraindication is used in children under 30 months of age or with a history of epilepsy or febrile
convulsions, as well as hypersensitivity to the active ingredient or any of the excipients used in the
various formulations. Particular precaution must, however, be observed in subjects with severe res-
piratory insufficiency, asthmatics, and debilitated patients, as the increased fluidity of secretions re-
quires effective expectoration.

As sobrerol has been prescribed for over 50 years, numerous clinical studies have been con-
ducted, especially in the 1970s and 1980s [45]. A recent review updated and synthetically reported
some of them [40]. Globally, 25 studies were published, including 10 double-blind, randomized, and
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controlled trials and 15 open studies (controlled or non-controlled) concerning acute and chronic res-
piratory diseases in children and adults [46-70].

In particular, the published pediatric studies are seven, regarding different medical conditions;
three were RCT, and four were open studies [46,55,57,65,68,70].

The first pediatric RCT study evaluated the efficacy and safety of oral sobrerol compared to oral
N-acetylcysteine in 40 children with acute respiratory diseases (bronchitis or pharyngo-tracheobron-
chitis) [46]. For three days, Sobrerol was administered as granules in one-dose sachets at 100 mg/3
times a day. N-acetylcysteine granules were used at 300 mg/day for three days. Clinical parameters
and biological data, including rheological examination of expectorate, were considered at baseline
and the end of the course. The two treatments were effective without significant differences. How-
ever, sobrerol induced a better reduction of expectorate viscosity and was better tolerated than N-
acetylcysteine. The second RCT study was conducted as double-blind, randomized, and placebo-
controlled in 100 patients aged between 12 and 74 years with acute or chronic upper or lower respir-
atory infections [55]. Sobrerol syrup (260 mg) was administered with carbocysteine capsules (375 mg)
four times a day for 21 days. This combination significantly improved objective and subjective clinical
parameters and lung function compared to a placebo. In addition, the treatment was well tolerated.
Unfortunately, pediatric outcomes could not be deduced. A third RCT study was conducted as dou-
ble-blind, randomized, and placebo-controlled in 30 children with pertussis aged between 10 months
and 12 years [56]. The measured outcomes included clinical and functional parameters. The treatment
consisted of an oral combination of clofedanol (central antitussive agent) 1.62 mg/Kg/ daily with so-
brerol 3.6 mg/Kg/day for 15 days. The active treatment was safe and significantly improved signs and
lung function compared to placebo. The first open study included 40 children under five years old
with acute and recurrent bronchitis [57]. This study randomly compared oral sobrerol (50-100
mg/twice daily) with oral bromhexine (2-4 mg/three times daily) for two weeks. The outcome was an
improvement rate. The results showed that both drugs were effective, but no significant differences
occurred. The second open study retrospectively recruited 59 children with acute upper respiratory
infections and wet cough aged between 3 and 14 years [65]. This study compared children treated
with oral antibiotics (amoxicillin or a macrolide) with children treated with nebulized mucoactive
drugs (sobrerol or N-acetylcysteine) used in standard practice. The children treated with mucolytics
significantly improved clinical parameters compared with children treated with antibiotics. A third
open study considered a group of 30 children (5-10 years old) with secretory otitis media and treated
with nebulized sobrerol (one 40mg vial/day) alone for ten consecutive days [68]. The treatment im-
proved clinical outcomes (nasal obstruction, deafness, and earache) and impedance values. The im-
provement depended on mucus fluidification in the upper airways. The last observational study in-
cluded 20 children (6 months-2 years old) with pertussis [70]. The primary outcome was the time
course to symptom resolution. Children were treated with oral or rectal sobrerol (four times daily),
oral salbutamol, and oral erythromycin (40 mg/kg/day) until clinical resolution. This treatment was
considered better than historical controls (antibiotics alone or associated with hyperimmune gamma
globulins and/or cough sedatives).

Table 2. Pediatric studies using sobrerol.

Patients Primary Treatments
Authors Study .
. Disease = number out- (dosage and dura- Results
(ref) design i
(age) comes tion)
Clinical Oral sobrerol Sobrerol
Acute signs (100mgx3/day) signifi-
. . 20/20
Seidita et respira- Expec- Oral N-Acteylcys- cantly re-
RCT . (3-12 .
al. (46) tory in- ears) torate teine duced mu-
fections y Biologi- (100mgx3/day) cus viscos-

cal data One week ity
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Oral sobrerol Active
Acute
Lung (260mg) + carbo- treatment
Milvio et and 50/50 function cysteine signifi
RCT chronic (12-74 Y & .
al. (55) _ Expec- (375mg)x4/day cantly im-
infec- years)
. torate Placebo proved all
tions
14-21 days outcomes
Clofedanol Active
Miraglia 15/15 Clinical  (1.62mg/kg/d)toral  treatment
del Giu- Pertus- (10 signs sobrerol improved
. RCT .
dice et al. sis months-12 Lung (6mg/kg/d) parameters
(56) years) function Placebo more
15 days quickly
Acute Oral sobrerol (50-
Azzolini et and re- 40 Improve- 100mgx2/ d) No differ-
1. (57) Open  current (<5years) ment rate Oral brohexine (2- ence
ak bronchi- y 4x3/d)
tis 2 weeks
Acute
upper Severity,  Antibiotics (amoxi-
S o T g
-14 7 .
al. (65) Open fections 3 and du-  Nebulized sobrerol improved
. years) . cough
with rationof  or N-Acetylcyste-
wet cough ine.
cough
. Secre—' 30 Nasal.ob- Nbulized sobrerol Slgruf'lcant
Bellussi et tory oti- struction, reduction of
Open . (5-10 (40mg/d)
al. (68) tis me- ears) earache, 10 davs all out-
dia y deafness Y comes
Oral or rectal so- Better out-
20 Time to brerol comes in
Crosca et Pertus- .
al. (70) Open sis (6 months-  resolu- Salbutamol comparison
' 2 years) tion Erythromycin with histor-

Until resolution

ical records

Notably, all these studies were conducted in Italy. The global outcomes were positive; however,

the records were heterogeneous concerning the medical conditions and treatments. Anyway, the clin-
ical judgment was always favorable, as confirmed by the consolidated use in clinical practice. How-
ever, regulatory agencies recently restricted the treatment duration to only three days for all formu-
lations. This limitation may prompt new possible strategies for using sobrerol.

1. Future perspectives

Acute respiratory infections significantly burden the healthcare system and single subjects,
mainly in childhood. In particular, a relevant quote about toddlers having frequent respiratory infec-
tions. Children frequently contract respiratory infections because their immune systems are still par-
tially immature. As a result, respiratory infections significantly impact morbidity, healthcare costs,
overmedication (mainly concerning antibiotics), and family quality of life. In addition, the suscepti-
bility to frequent respiratory infections recognizes some risk factors in children, including age (the
smaller they are, the sicker they get), preschool attendance, indoor and outdoor pollution, passive
smoking, poor socioeconomic status, and allergic diseases. Antipyretic and antibiotic treatment is
common, but their use is often empiric and not based on critical reasoning.
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Moreover, overuse of antibiotics accounts for the overwhelming problem of bacterial resistance,
and abuse of antipyretics also exposes the risk of adverse events. As a consequence, managing chil-
dren with frequent respiratory infections represents a crucial task in clinical practice. In this regard,
an attractive idea could be to use a combination of two sobrerol formulations, such as oral (syrup)
and nebulization (vial), during respiratory infections. The rationale of this combination is to achieve
an optimal effect respecting the short duration (three days). Usually, the use of mucolytics lasts for
1-2 weeks or at least until clinical resolution. The combined use of topical and systemic routes could
assure an ideal fluidification of secretions that could theoretically reduce some factors involved in
the frequency of infections. Clean airways and restored mucociliary clearance could prevent patho-
gens colonization.

1. Conclusive remarks

Respiratory infections are a common medical condition affecting virtually the entire population.
In addition, respiratory infections significantly affect the healthcare system and patients' quality of
life. Mucus hypersecretion is a typical consequence of infection and could promote recurrence or
prolong infection duration. Therefore, mucus fluidification could represent a therapeutical option
currently used in clinical practice. In this regard, using a mucolytic (sobrerol), using two administra-
tion routes, could define an innovative strategy, respecting the requested posology.
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