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Ambroxol is used in COPD and asthma to increase mucociliary clearance and regulate surfactant levels, perhaps
through anti-oxidant and anti-inflammatory activities. To determine the role and effect of ambroxol in an experimental
model of asthma, BALB/c mice were sensitized to ovalbumin (OVA) followed by 3 days of challenge. Airway
hyperresponsiveness (AHR), lung cell composition and histology, and cytokine and protein carbonyl levels in
bronchoalveolar lavage (BAL) fluid were determined. Ambroxol was administered either before the first OVA
challenge or was begun after the last allergen challenge. Cytokine production levels from lung mononuclear cells
(Lung MNCs) or alveolar macrophages (AM) were also determined. Administration of ambroxol prior to challenge
suppressed AHR, airway eosinophilia, goblet cell metaplasia, and reduced inflammation in subepithelial regions.
When given after challenge, AHR was suppressed but without effects on eosinophil numbers. Levels of IL-5 and IL-
13 in BAL fluid were decreased when the drug was given prior to challenge; when given after challenge, increased
levels of IL-10 and IL-12 were detected. Decreased levels of protein carbonyls were detected in BAL fluid following
ambroxol treatment after challenge. In vitro, ambroxol increased levels of IL-10, IFN-y, and IL-12 from Lung MNCs
and AM, whereas 1L-4, IL-5, and IL-13 production was not altered. Taken together, ambroxol was effective in
preventing AHR and airway inflammation through upregulation of Th1 cytokines and protection from oxidative stress
in the airways.
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INTRODUCTION but have stalled in the last decade (2). Excessive mucus
production is a major component of many respiratory
Asthma is the most prevalent chronic respiratory disease diseases, including bronchial asthma, chronic obstructive
and the prevalence is still increasing (1). Outcomes of  pulmonary disease (COPD), and cystic fibrosis (3).
asthma treatments such as mortality rates were improved, In asthma, airway mucus hypersecretion is thought to be
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a pathophysiological feature and contributor to morbidity
and mortality (4). In particular, IL-13 was shown to
be a potent inducer of airway hyperresponsiveness
(AHR), eosinophilic airway inflammation, and goblet
cell metaplasia (5). Upregulation of MUCS5AC, a
mucin-inducing gene, was related to disease severity
in asthmatics and in animal models (6,7). IL-13 has
been shown to be a major inducer of mucus production
through goblet cell metaplasia in airway epithelial layers
and to play a critical role in the development of AHR
(8). Recent studies revealed that the epidermal growth
factor receptor (EGF-R) appeared to be a convergent
pathway for a number of mediator signals; EGF-R was
upregulated in the airways of asthmatic patients (9).
These signaling molecules have been studied as potential
targets of pharmacotherapy to inhibit airway mucus
production in asthma (8). On the other hand, appropriate
levels of mucus production are essential for protection
from airborne pathogens or allergens and probably for
the clearance of inflammatory chemicals or dead cells.
However, precise mechanisms and effects on mucus
production and secretion in the pathogenesis of asthma
are unclear.

Accordingly, expectorants such as ambroxol have been
widely used in these mucus-related respiratory diseases
(10-12). Ambroxol is a metabolite of bromhexine, which
has been used in the therapy of airway diseases since the
late 1970s (13). In asthmatics, ambroxol was shown to
improve AHR and lung function (14,15). Ambroxol has
also shown anti-oxidant effects through upregulation of
thioredoxin and/or thioredoxin reductase, and inhibited
oxygen free radical production (12,16). Ambroxol also
maintains the airway surface environment by modulating
surfactant protein levels in the airways and increased
mucociliary clearance (17,18). Based on these results,
clinical trials with ambroxol to prevent or treat infant
respiratory distress syndrome have been carried out
(19,20). In a mouse model of lipopolysaccharide-induced
acute lung injury, ambroxol treatment reduced lung
inflammation and damage as well as cytokine levels in
bronchoalveolar lavage (BAL) fluid, including IL-6,
TNF-o, and TGF- (21). In basophils, ambroxol inhibited
secretion of 1L-4, IL-13, and histamine (22). However,
the underlying mechanisms whereby ambroxol exhibits
anti-inflammatory effects in the airways such as in asthma
remain to be defined.

The socioeconomic burden in the treatment of asthma
has been of worldwide concern with increasing prevalence
of the disease (1,2). Safe and cost-effective therapeutic
alternatives are needed. Ambroxol has been in the clinic
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for many years, the drug is inexpensive and few adverse
effects have been described. Therefore, understanding
the potential of the drug in the treatment of asthma is a
valid concern. In this study, ambroxol was administrated
to mice in a model of allergen-induced AHR and air-
way inflammation. The drug was administered prior
to and after allergen challenge and changes in airway
inflammation and AHR were monitored.

MATERIALS AND METHODS

Animals

Female BALB/c mice, 6-8 weeks of age, were obtained
from Jackson Laboratories (Bar Harbor, ME, USA).
The animals were maintained on an ovalbumin (OVA)-
free diet. Experiments were conducted under a protocol
approved by the Institutional Animal Care and Use
Committee of the National Jewish Health.

Experimental protocol

Mice were sensitized by intraperitoneal (i.p.) injection of
20 ug of OVA (Grade V, Sigma Chemical Co., St. Louis,
MO, USA) emulsified in 2.0 mg alum (AlumImuject:
Pierce, Rockford, IL, USA) in a total volume of 100 ul
on days 1 and 14. Mice were challenged via the airways
with OVA (1% in saline) for 20 min on days 28, 29,
and 30 by ultrasonic nebulizer (model NE-U07, Omron
Healthcare, Vernon Hills, IL, USA). Control mice
received PBS as sham-sensitization followed by OVA
aerosol challenges in the same fashion. To determine the
effects of ambroxol on airway allergic inflammation and
AHR, 10 mg/kg of ambroxol (Sigma) in 200 ul saline or
saline alone as a vehicle control were administered twice
a day i.p. after sensitization and beginning 2 days before
through the 3 days of allergen challenges (Fig. 1A). In
other experiments, as illustrated in Fig. 1B, ambroxol
treatments were initiated after the last challenge and
completed prior to the last day of study. The dose of
ambroxol was chosen based on previous studies (21,23)
and preliminary studies.

Determination of airway responsiveness

Airway responsiveness was assessed as changes in airway
function after challenge with aerosolized methacholine
(MCh) (Sigma). Mice were anesthetized, tracheostomized,
mechanically ventilated, and lung function was assessed
as described previously (24). Ventilation was achieved at
160 breaths per minute at a tidal volume of 0.16 ml with
a positive end-expiratory pressure of 2-4 cm H,O. Lung

IMMUNE NETWORK Vol. 16, No. 3: 165-175, June, 2016



Ambroxol and Airway Hyperresponsiveness

Immune Network

OVA Challengelda s 28-30)
A PES/OVA Day 0 14 26 J, 30 32
Rest
1 TTiif =]
554
[Ambroxol or Vehicle] of Airl:ﬂay respomses
ovaiov Vil
Day 0] T14 26 1‘ 30 12
OVA/alum QOVA Challenge{days 28-30)
B.
OVA Challenge{days 28-30}
pesiova D3y }4 28 3031 32
PBS Assay

OVA/OVA

|Ambroxol or Vehicle| ¢ Airway reeponses

i

Day OT T14
OVA/alum

28 30 M 32

OVA Challenge{days 28-30)

Figure 1. Scheme of the experimental protocol. Mice were sensitized and challenged to OVA (OVA/OVA) or sham-sensitized with PBS followed by
OVA challenge (PBS/OVA). Ambroxol treatments were administered (A) beginning 2 days before through the OVA challenge days followed by 2
days of rest or (B) initiated after OVA challenges were completed. OVA, ovalbumin.

resistance (RL) was continuously computed (Labview,
National Instruments, Austin, TX, USA) by fitting flow,
volume, and pressure to an equation of motion, using a
recessive least squares algorithm.

Aerosolized MCh was administered through bypass
tubing via an ultrasonic nebulizer (model 5500D, DeVil-
biss, Somerset, PA, USA) placed between the expiratory
port of the ventilator and the four-way connector. Aero-
solized MCh was administered for 8 seconds with a tidal
volume of 0.45 ml and a frequency of 60 BPM using
another ventilator (model 683, Harvard Apparatus, South
Natick, MA, USA). The data for RL were continuously
collected for up to 3 minutes and maximum values were
taken.

Bronchoalveolar lavage (BAL)

Immediately after assessment of AHR, lungs were lava-
ged via the tracheal tube with Hank’s balanced solution
(HBSS, 1x1 ml 37°C). The volume of collected BAL
fluid was measured in each sample and the number
of leukocytes was counted (Coulter Counter, Coulter
Corporation, Hialeah, FL, USA). Differential cell
counts were performed by counting at least 200 cells
on cytocentrifuged preparations (Shandon Cytosipin3,
ThermoFisher Scientific, Waltham, MA). Slides were
stained with modified Wright-Giemsa and white blood
cells were differentiated by standard hematological

http://immunenetwork.org

procedures in a blinded fashion. BAL fluid supernatants
were collected and stored at —70°C until measurements
were performed.

Cell preparation for in vitro cytokine production

To determine the effects of ambroxol in vitro, lung
mononuclear cells (MNCs) were isolated and cultured
with OVA and ambroxol under various conditions. Briefly,
lungs were taken from mice following exposure to OVA.
Cells in BAL fluid were collected from mice following
sensitization with 1 ml of HBSS four times. Over 99%
of cells in the BAL fluid obtained in this way after sen-
sitization but not challenge were macrophages. Lung
MNCs were obtained following collagenase digestion
of the lung followed by 35% Percoll (Sigma) gradient
centrifugation. Two hundred thousand lung MNCs or
1x10° alveolar macrophages collected from BAL were
cultured with or without 10 pg/ml of OVA. Ambroxol was
added to these cultures at concentrations of 0.01, 0.1, 1,
and 10 pM. After 24 hrs, supernatants were collected and
stored for cytokine and protein carbonyl measurements as
described below.

Measurement of cytokines

Cytokine levels in the BAL fluid or supernatants from
cultured cells were measured as previously described
(25). Briefly, measurements of IL-4, IL-5, IL-10, and
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IL-12 were performed by ELISA (BD PharMingen,
San Diego, CA, USA) with 96-well plates (Immulon 2;
Dynatech, Chantilly, VA, USA); IL-13 measurements
were performed using an ELISA kit (QuantikineM;
R&D Systems, Minneapolis, MN, USA) for BAL fluid
and ELISA set (DuoSet; R&D Systems) for in vitro cell
culture supernatants, all following the manufacturer’s
protocol. The limits of detection were 1.5 pg/ml for IL-
13, 4 pg/ml for IL-4 and IL-5, 10 pg/ml for IL-10 and
IFN-y, and 62.5 pg/ml for IL-13 ELISA set.

Measurement of protein carbonyls

To investigate the role of ambroxol as an anti-oxidant
agent, we determined protein carbonyl levels in BAL fluid
as an index of oxidative stress in the lung (26). The levels
of protein carbonyls in BAL fluid were measured by
ELISA (Zentec PC kit; Zenith Technology Corporation,
Dunedin, New Zealand).

Histological studies

After BAL fluid was collected, lungs were inflated with
1 ml 10% formalin through the trachea, and fixed in
formalin by immersion. Tissue blocks of lung tissue
from 4-5 mice in each group were cut from around the
main bronchus and embedded in paraffin blocks; 2-3
tissue sections (5-um) per mouse were then affixed to
microscope slides and deparaffinized. The slides were
then stained with hematoxylin and eosin (H/E) and
periodic acid-Schiff (PAS). The slides were taken to
pictures with a microscope (BX40; Olympus America
Inc., Melville, NY, USA) equipped with a digital camera
(Q-color 3; Olympus America Inc.) and images were
stored on a Macintosh computer. Goblet cell metaplasia
was quantified as the number of pixels on the computer
converted from PAS+ areas along the airway epithelium.
The quantification was performed using NIH ImageJ
software (version 1.38), available on the internet at http://
rsb.info.nih.gov/ij/ download. html. Four different fields
per slide in 8 samples from each group of mice were
examined in a blinded manner.

Statistical analysis

All results were expressed as the mean+standard error of
the mean (SEM). The Tukey-Kramer test was used for
comparisons between multiple groups. Since measured
values may not be normally distributed on account of
the small sample sizes, nonparametric analysis, Mann-
Whitney U test, was also used to confirm that the
statistical differences remained significant. The p values
for significance were set to 0.05 for all tests.
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RESULTS

Effects of ambroxol administration prior to allergen
challenge

Mice sensitized to OVA followed by OVA challenge
developed AHR in response to inhaled MCh (Fig. 2A) and
increased numbers of eosinophils in the BAL fluid (Fig.
2B) compared to sham-sensitized mice. When ambroxol
treatment was initiated prior to allergen challenge
in OVA-sensitized mice, the numbers of eosinophils
were decreased by approximately 50% and airway res-
ponsiveness to MCh was also decreased significantly
compared to vehicle-treated mice. Ambroxol treatment of
sham-sensitized mice did not show any effects.

As shown in Fig. 1C, BAL fluid was obtained following
airway function measurements and cytokine levels were
determined. The levels of 1L-4, IL-5, IL-13, and IL-12
were significantly increased in the BAL fluid from OVA-
sensitized and -challenged mice compared to sham-
sensitized mice. In the mice treated with ambroxol prior
to OVA challenge, IL-5 and IL-13 levels were decreased.

Histological analysis revealed that inflammatory cell
infiltration into subepithelial areas and increased numbers
of PAS+ goblet cells could be demonstrated in the airways
of OVA-sensitized and challenged mice (Fig. 2D and
2E). In mice which received ambroxol prior to the OVA
challenges, reduced levels of both inflammatory cells and
PAS-staining goblet cell metaplasia were observed in lung
tissue sections.

Levels of protein carbonyls in BAL fluid were not
altered by ambroxol treatment initiated prior to the al-
lergen challenge (data not shown).

Effect of ambroxol administration following allergen
challenge

When ambroxol treatment was initiated following OVA
challenge of sensitized mice, the development of AHR
was significantly decreased compared to the control group
(Fig. 3A). However, ambroxol treatment initiated after
completion of the OVA challenges showed no effect on
the number of eosinophils in the BAL fluid (Fig. 3B).

As shown in Fig. 3C, cytokine analysis of BAL fluid
showed that levels of IL-10, IFN-y and IL-12 were
significantly increased with ambroxol treatment initiated
following OVA challenge compared to vehicle-treated
controls. However, the levels of 1L-4, IL-5, and 1L-13
were not altered with ambroxol treatment. Ambroxol
treatment in sham-sensitized mice showed no effect on
cytokine levels or cell composition in BAL fluid or AHR.

In contrast to ambroxol treatment begun prior to OVA
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Figure 2. Effect of ambroxol on airway responses when administered prior to initiation of allergen challenge. Mice were sensitized to OVA or
PBS followed by aerosolized OVA challenged (OVA/OVA and PBS/OVA, respectively). Ambroxol or vehicle treatment was initiated prior to OVA
challenge. (A) Changes in lung resistance (RL). RL values were obtained in response to increasing concentrations of inhaled methacholine (MCh).
(B) Cell composition in BAL fluid. (C) Cytokine levels in BAL fluid from mice which received ambroxol or saline treatment prior to OVA challenge.
(D) Representative histological sections stained with H/E and PAS: (a) PBS/OVA with vehicle treatment, (b) OVA/OVA with vehicle treatment and (c)
OVA/OVA with ambroxol treatment. (E) Quantitative analysis of PAS+ areas on lung histological sections. The results for each group are expressed
as mean+SEM (n=8 in each group). *p<0.05; significant differences are shown compared to the groups of OVA/OVA with vehicle treatments.
'p<0.05; significant differences are shown compared to the groups of PBS/OVA.

challenge, histological analysis revealed that ambroxol
treatment initiated following OVA challenge did not alter
inflammatory cell infiltration or goblet cell metaplasia in

the airways of OVA-sensitized and challenged mice (Fig.
3D and 3E).
Levels of protein carbonyls in BAL fluid were assayed
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Figure 3. Effect of ambroxol on airway responses when administered after completion of the allergen challenges. Mice were sensitized and
challenged to OVA (OVA/OVA) or sham-sensitized followed by OVA challenge (PBS/OVA). Ambroxol or saline were administrated following OVA
challenge. (A) Changes in lung resistance (RL) and (B) Cell composition in BAL fluid. (C) Cytokine levels in BAL fluid in mice which received
ambroxol or saline following OVA challenge. Mice were sensitized to OVA or PBS (OVA/OVA and PBS/OVA, respectively) followed by OVA
challenge. (D) Representative histological sections after H/E and PAS staining: (a) PBS/OVA with vehicle treatment, (b) OVA/OVA with vehicle
treatment and (¢) OVA/OVA with ambroxol treatment. (E) Quantitative analysis of PAS+ areas. (F) The levels of protein carbonyls in BAL fluid
from mice which received ambroxol or vehicle following OVA challenge were measured by ELISA and the levels are expressed as absorbance
standardized to 20 pg of protein in BAL fluid. The results for each group are expressed as mean+=SEM (n=8). *p<0.05; significant differences are
shown compared to the groups of OVA/OVA with vehicle treatments. p<0.05; significant differences are shown compared to the groups of PBS/

OVA.

to determine the degree of oxidative damage in the
airways. As shown in Fig. 3F, protein carbonyl levels
were increased in the BAL fluid from mice that were
sensitized and challenged to OVA compared to the sham-
sensitized mice. These levels were decreased when
ambroxol treatment was initiated after the completion of
OVA challenge compared to vehicle-treated mice.

In vitro effects of ambroxol on cytokine secretion levels
from cultured airway cells
Lung MNCs were collected and purified from mice after
sensitization and challenge to OVA and cytokine levels in
the supernatants of cultured cells were determined. The
in vitro production of Th2-type cytokines, IL-4, IL-5, and
IL-13 was increased from cells stimulated with OVA and
these levels were not altered by inclusion of ambroxol
in the cultures (Fig. 4A). IL-10 was increased following
addition of OVA and was increased further in the presence
of ambroxol in a dose-dependent manner. IFN-y and
IL-12 secretion levels were not altered with OVA, but
increased with ambroxol in a dose-dependent manner.
Cytokine secretion levels from alveolar macrophages
were analyzed following culture with OVA and ambroxol
(Fig. 4B). The levels of IL-10, IFN-y and IL-12 levels
were not altered by OVA, but were increased on addi-
tion of ambroxol in a dose-dependent manner. Th2
cytokines, IL-4, IL-5, and IL-13 were not detected in the
macrophage cultures (data not shown).

DISCUSSION

Ambroxol has been widely used since the late 1970s in
various respiratory diseases with the goal of improving
mucus clearance, facilitating expectoration, easing of
productive cough, and providing local anesthetic effects
(13,27). Ambroxol has been used to treat asthmatics
(28). The data, albeit limited, suggest some effects in
improving airway responsiveness and inflammation
(14). However, the mechanisms underlying these
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effects are not well understood. In this study, OVA-
sensitized and -challenged mice developed AHR and
eosinophilic airway inflammation, accompanied by
increased levels of the Th2 cytokines, IL-4, IL-5, and IL-
13. When ambroxol treatment was initiated prior to OVA
challenge of sensitized mice, decreased levels of airway
responsiveness, eosinophilia, and goblet cell metaplasia
along the airways were observed, accompanied by
decreases in the levels of the Th2-type cytokines, IL-5,
and IL-13 in BAL fluid. Asthma is a complex disease in
which numerous factors contribute to the characteristic
features of the disease, persistent airway dysfunction
including AHR and allergic airway inflammation (29).
Among these factors, Th2 cells and related cytokines, IL-
4, IL-5, and IL-13 are thought to play a central role in
the pathogenesis of the disease (30). Therefore, reduction
of Th2 cytokines in the airways by ambroxol may be a
cause of the reductions in AHR and airway inflammation
induced by allergen. When ambroxol treatment was
initiated following completion of the OVA challenges
in previously sensitized mice, the development of AHR
was reduced compared to the control group and levels of
IL-10, IFN-y, and IL-12 in BAL fluid were significantly
increased. The levels of protein carbonyls as a marker of
oxidative stress were also significantly reduced. However,
the numbers of eosinophils and levels of Th2 cytokines
in BAL fluid, and goblet cell metaplasia were not altered
under this delayed treatment regimen. Thus, ambroxol
appeared to act at two different levels: the prevention of
AHR in response to primary allergen challenge and the
reduction in AHR following provocative challenge in
mice with previously established allergic lung disease.
In in vitro cultures, ambroxol treatment increased
levels of IL-10, IFN-y, and IL-12 from lung MNCs and
macrophages, whereas levels of the Th2 cytokines, 1L-4,
IL-5, and IL-13 from lung MNCs were not altered. Based
on these data, one possible mechanism underlying the
effects of ambroxol on airway function in allergic airway
inflammation was the upregulation of IL-10, IFN-y, and
IL-12, cytokines known to suppress AHR and allergic
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Figure 4. In vitro cytokine production from lung MNCs and alveolar
macrophages. Lung MNCs were obtained from mice sensitized and
challenged to OVA. Alveolar macrophages were collected from OVA
sensitized mice without challenge. The levels of in vitro cytokine
production from (A) lung MNCs and (B) alveolar macrophages.
Cytokine levels in supernatants from cells cultured with OVA and
different concentrations of ambroxol were measured by ELISA as
described in Materials and Methods. The results for each group are
expressed as mean+SEM (n=8). *p<0.05; significant differences are
shown compared to controls; fp<0.05; significant differences are shown
compared to OVA treatment alone.
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airway inflammation through inhibition of Th2 cytokine
production (31,32). Thus, ambroxol-mediated effects on
Th2 cytokine levels likely were indirect and mediated
through upregulation of IL-10, IFN-y, and IL-12 in the
airways. IL-10 and IFN-y can be produced by a variety
of immune cells, but IL-12 is produced primarily by
pathogen-activated antigen-presenting cells, particularly
macrophages and dendritic cells (33). Together with
the inhibitory effects of ambroxol on the secretion of
histamine and leukotriene B4 from monocytes (22),
the pharmacological target of ambroxol is likely to be
a monocyte/macrophage population. When mice were
treated with ambroxol prior to OVA challenge, BAL
levels of IL-5 and IL-13 were decreased but IL-10, IFN-y,
and IL-12 levels were not altered. This may be explained
by the timing of ambroxol treatment; ambroxol treatment
prior to allergen challenge may upregulate IL-10, IFN-y,
and IL-12 but this was not detected when BAL samples
were collected 3 days after final administration. Thus,
one effect of ambroxol on the development of AHR and
airway allergic inflammation may be mediated through
the upregulation of IL-10, IFN-y, and IL-12 in monocytes/
macrophages.

A second effect of the drug may lie in the anti-oxidant
activity. Oxidative stress can be induced in any organ of
the body when the balance of anti-oxidant versus reactive
oxygen species is altered (34). Oxidative stress causes
damage in the airways and exaggerates airway diseases
including asthma or in animal models of airway allergic
inflammation (35,36). In the animal studies, treatment
with anti-oxidant reagents or genetic manipulation,
the over-expression of Cu/Zn superoxide dismutase or
deficiency of nuclear erythroid 2 p45-related factor 2, a
transcription factor regulating many antioxidant genes,
were shown to be protective in the airways (37-39).
Ambroxol has been shown to have anti-oxidant properties
and reduce oxidant production from inflammatory cells
in vitro, such as polymorphonuclear cells, alveolar ma-
crophages, or human bronchial epithelial cells (16,40-42),
and inhibited AHR induced by ozone in dogs (43). In the
present study, we demonstrated that ambroxol treatment
begun after OVA challenge of sensitized mice decreased
the levels of protein carbonyls in BAL fluid, a biomarker
of oxidative stress (44). In parallel, airway responsiveness
in response to inhaled MCh was decreased while
eosinophil numbers were not altered. This may indicate
that the anti-oxidant properties of ambroxol target airway
function with little to no effect on airway inflammation.
Ambroxol treatment prior to OVA challenge did not alter
protein carbonyl levels in BAL fluid. The assumption was
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that the anti-oxidant effects of ambroxol were transient
and decreased levels of protein carbonyls in BAL fluid
were not observed 2 days after cessation of ambroxol
treatment. Similarly, effects on BAL cytokine levels, IL-
10, IFN-y and IL-12, were not seen at this time point.

Recent studies have revealed regulatory effects of
oxidative stress on cytokine production. Frossi et al.
showed that low doses of H,0, downregulate IFN-y in
vitro but upregulate IL-4 release from T cells (45). Obata
et al. showed that animals treated with H,O, in vivo
developed higher Th2-type responses through production
of IL-12 p40 homodimers (46). These findings may
explain some of the results seen in this study; the anti-
oxidant properties of ambroxol may be linked to the
increased levels of IL-12 in the mice with established
airway inflammation but was protective against Th2
differentiation detected as decreased levels of IL-5 and
IL-13.

In summary, administration of ambroxol was shown
to normalize AHR when given either prior to or after
completion of allergen challenge in previously sensitized
mice. Ambroxol treatment prior to allergen challenge
reduced BAL eosinophils and Th2 cytokines, while the
same treatment begun after completion of the allergen
challenges also impacted cytokine levels and levels of
protein carbonyls in BAL fluid. Taken together, ambroxol
exhibits potent therapeutic benefits through its anti-
oxidant and immunomodulatory properties in these
animal models and may prove beneficial in asthmatics.
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