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Neonatal pneumonia is the leading cause of mortality in children aged <5 years. Ambroxol (Mucosolvan®) is 
a mucolytic and secretolytic drug and belongs to the group of expectorants with anti-oxidative and anti-inflam-
matory effects. The purpose of the present study was to observe the effects and mechanisms of Mucosolvan® 
inhalation on neonatal pneumonia. Between January 2014 and October 2015, a total of 80 newborns with 
pneumonia were randomly divided into control and observation groups. While the patients in the control group 
were treated with conventional treatment only, those patients in the observation group were treated with Muco-
solvan® in addition to the conventional treatment. The lung function index and serum inflammatory mediators 
were measured before and after treatment on days 1, 3 and 7. In the observation group, there was a significant 
increase in the lung function index as compared to the control group. Also, there was a significant decrease 
observed in the expression of inflammatory factors which in turn activated NF-κB pathway and cell apoptosis. 
The above findings had shown that Mucosolvan® improved lung function and exhibited good inflammatory 
response. In addition, we found that Mucosolvan® inhibited cell apoptosis and NF-κB pathway activation and 
effectively improved pulmonary functions.

1. Introduction
Neonatal pneumonia is a serious respiratory infection, and is 
considered as the most common infectious disease in neonates 
and is a significant cause of mortality. According to the World 
Health Organization (WHO), approximately 156 million new 
episodes of neonatal pneumonia that occur worldwide each year, 
of which developing countries account for 95% (Foote 2012; 
WHO/UNICEF). Among these cases, nearly 8.7% are life-threat-
ening and require hospitalization (Islam et al. 2015; Jena 2014). 
Globally, neonatal pneumonia accounts for about 15% deaths 
and in 2013, there were about 935,000 children deaths less than 
5 years old (Sathian et al. 2015). The major causes of this disease 
are: undernutrition, unsafe water and sanitation, air pollution 
and inadequate access to healthcare (Islam et al. 2015). Several 
studies indicated that bacterial pneumonia is primarily caused by 
Streptococcus pneumoniae and Haemophilus influenzae followed 
by Staphylococcus aureus and Klebsiella pneumoniae (Aydemir 
et al. 2016; Shen et al. 2010). In recent times, there are several 
approaches to determine the cause of pneumonia in developing 
countries including prospective hospital-based studies which use 
blood culture and percutaneous lung aspiration (Berti et al. 2013; 
Naderi et al. 2015). 
The general treatment includes antibiotics for the management of 
neonatal sepsis, but there is an increase in the rate of resistance to 
antibiotics which may lead to fatalities (Zaidi et al. 2011). Thus, 
there is a need for a widely applicable treatment and preventive 
measures for the management of neonatal pneumonia.
Inflammatory response plays a key role in the induction of 
neonatal infections. Several studies suggested that neonatal 
brain damage and chronic lung disease can be predicted by the 
elevated levels of pro-inflammatory cytokines in cord blood and 
lung lavage (An et al. 2004; Wayock et al. 2013). The inflamma-
tory response is initiated by the interaction between endothelial 

cells and leukocytes. The adhesion of leukocytes to endothelial 
cells is mediated by molecules such as intercellular cell adhesion 
molecule-1 (ICAM-1). However, in the presence of bacterial 
infections, there is an elevation in the levels of soluble ICAM-1 
in neonates (Mahmoud et al. 2009). The expression of cytokines 
like interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α) 
and interleukin-1-beta (IL-1β) are also key mediators in the 
pathogenesis of infection (Balany and Bhandari 2015; Cao et al. 
2012; Nwobodo et al. 2011).
At present, the treatment of neonatal pneumonia is focused on 
reduction of edema, inflammatory exudation and improvement of 
pulmonary ventilation function. Therefore, anti-inflammatory and 
expectorant treatment is essential for an effective treatment. This 
study mainly aimed at exploring the application of ambroxol inha-
lation (Mucosolvan®) in the treatment and potential mechanisms 
of neonatal pneumonia.

2. Investigations and results 

2.1. Effects of Mucosolvan® on lung function index
A significant increase of PEF, FRC and TEF25% in the treatment 
group indicated that Mucosolvan® improves lung function index 
on days 1, 3, and 7 (P<0.05) when compared to control. There were 
no significant differences observed in the lung function index at 
baseline (Fig. 1A-1C). 

2.2. Effects of Mucosolvan® on the expression of infl am-
matory factors
The expression of inflammatory factors, TNF-α, IL-6 and IL-10, 
was significantly (P<0.05) decreased from baseline to days 1, 3 
and 7 following administration of Mucosolvan compared to the 
control group (Fig. 2A-2C).
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2.3. Effects of Mucosolvan® on cell apoptosis
Following Mucosolvan® treatment, the cell apoptosis rate in 
tissues was significantly decreased. It was also found that Muco-
solvan® treatment significantly (P<0.05) decreased the expression 
of Bax but significantly (P<0.01) increased the expression of Bcl-2 
moderately on days 1, 3, and 7 (Fig. 3A and 3B). Moreover, a 
significant decrease (P<0.05) in the percentage of TUNEL posi-
tive neurons by day 7 was also seen. These results suggested that 
Mucosolvan® decreased the apoptosis rate.

2.4. Effects of Mucosolvan® on NF-κB pathway
Western blotting results showed that the expression levels of the 
inhibitors IκBa and p-NF-κB were significantly decreased on day 
7 (P<0.01) after the Mucosolvan® treatment, indicating that it acti-
vated the NF-κB pathway (Fig. 4A and 4B).

3. Discussion
In the present study, we explored the effects and mechanisms of 
ambroxol (Mucosolvan®)
inhalation in neonatal pneumonia. Despite advances in the health-
care for pediatrics, neonates are still at a higher risk of developing 
infections when compared to older children and adults who can 

Fig. 1: Increase in PEF, FRC and TEF25% following Mucosolvan® treatment. A: 
PEF was significantly increased in the treated group from day 1, to day 3 till 
day 7 compared to that at day 0. B: FRC was significantly increased in the 
treated group from day 1, to day 3 till day 7 compared to that at day 0. C: TEF 
25% was significantly increased in the treated group from day 1, to day 3 till 
day 7 compared to that at day 0. ns, not significant, * P<0.05 and ** P<0.01 
compared to the control group. PEF: peak expiratory flow, FRC: Functional 
Residual Capacity, TEF25%: trachea-esophageal fistula 25%.

Fig. 2: Decrease in TNF-α, IL-6 and IL-10 following Mucosolvan® treatment. ns, 
not significant, * P<0.05 and ** P<0.01 compared to the control group. 
TNF-α: tumor necrosis factor alpha, IL-6: Interleukin-6, IL-10: Interleu-
kin-10.

resist bacterial infections. Several studies indicated that this 
process was mediated by distinct inflammatory cytokines (Rauti-
ainen et al. 2014). 
Ambroxol (Mucosolvan®), a metabolite of bromhexine, has several 
pharmacological properties such as surfactant stimulation, anti-in-
flammation, anti-oxidant and local anesthetic effects in addition to 
the mucokinetic and mucociliary effects of the parent compound 
(Chen 2014). Its anti-inflammatory property and surfactant stimu-
latory properties have paved its way in the management of obstruc-
tive airway disorders (Gupta 2010). It has been shown to elucidate 
protective effects in acute lung injury models, decreased levels of 
lipopolysaccharide induced lung hemorrhage, edema, exudation, 
infiltration with neutrophils and release of cytokines in animal 
studies (Su et al. 2004). In a study by Zhi et al. (2011) showed 
that Mucosolvan® blocked paraquat-induced rise in oxidant stress 
markers, cytokines (like TNF-α, TGF-β1, etc.) and tissue inhibitor 
of metalloproteinase-1, total inflammatory cell count, hydroxy-
proline content and collagen I and III messenger ribonucleic 
acid (mRNA) while preserving the superoxide dismutase (SOD) 
and glutathione system (GSH-PX) activities in rat lungs (Zhi et 
al. 2011). Several in vitro studies indicated that Mucosolvan® 
blocked the release of several oxidant stress markers, cytokines, 
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MPO, nitric oxide and collagen I and III mRNA while it preserves 
SOD and GSH-PX activities (Gupta 2014). In our study, we used 
Mucosolvan® as an anti-oxidant to inhibit lung damage caused by 
oxygen radicals and used PEF, FRC and TEF25% levels as lung 
function index. Our findings supported the fact that Mucosolvan® 
treatment is able to improve lung function index. Our results have 
shown a significant improvement in lung function from baseline to 
days 1, 3 and 7.
The key role of TNF-α, IL-1β, IL-6, and IL-8 in the pathogenesis 
of neonatal pneumonia was well established by previous studies 
(Ishida et al. 2006; Zhi et al. 2011). It is also known that neonates 
have reduced capacity to produce IL-6 (Abdollahi et al. 2012; Yu 
et al. 2013), but in the presence of an infection, there are high 
levels of IL-6 in plasma (Dai and Chan 2014; Zheng et al. 2011). 
In the present study, we determined anti-inflammatory properties 
by measuring the expression of factors like TNF-α, IL-6 and IL-10 
using ELISA and RT–qPCR. We found a significant decrease in 
the levels of these inflammatory factors following treatment with 
Mucosolvan®. It has been shown that an abundance of oxygen 
free radicals lead to severe inflammatory response (Closa and 
Folchpuy 2004). The use of antioxidants or scavengers of oxygen 
free radicals like Mucosolvan® may reduce the levels of some 
inflammatory mediators, cytokines, growth factors or cell death 
(Mukhopadhyay et al. 2012). We used TUNEL assay to determine 
apoptosis and our results are inline with previous studies (Lebon 
et al. 2015) which indicated that Mucosolvan® decreased the cell 
death rate that may be attained by inhibition of activation process, 
protein kinases and calcium transport.
The strengths of our study are the population base and ascertain-
ment of the role of Mucosolvan® in neonatal pneumonia. The data 
obtained from this study indicated that Mucosolvan® protects lung 
function, decreases inflammatory response and cell apoptosis. 
However, there are certain inadequacies in our study and one 
being a lack of standard measures of response to a bronchodilator 
in an infant pulmonary function test. We have used >25% as an 
improvement in the lung function following treatment for positive 
response. This required standard criteria to support our findings.
In conclusion, we demonstrated a protective lung function and 
decreased inflammatory response by Mucosolvan® in neonatal 
pneumonia. In addition, we have also found that Mucosolvan® 
inhibited cell apoptosis and NF-κB pathway activation. However, 
more studies with large numbers of patients are needed to confirm 
Mucosolvan’s abilities to improve pulmonary function.

4. Experimental

4.1. Patients and treatment
A total of 80 newborns with pneumonia were randomly divided into control and 
observation group between January 2014 and October 2015. Patients in the control 
and observation group were treated with conventional treatment and Mucosolvan® 
(7.5 mg dissolved in 5% GS, twice a day for 7 days) plus conventional treatment, 
respectively. Conventional treatments included anti-infection, wet airway, regulation 
of acid-base imbalance and sputum suction. All the patients parents were informed 
with consent according to the guidelines in the commitment of The Second Affiliated 
Hospital and Yuying Children’s Hospital of Wenzhou Medical University.

4.2. ELISA and lung function index
The expression of IL-2, IL-6, and IL-10 were analyzed using ELISA pre- and 
post-treatment on days 1, 3 and 7. In addition, lung function index including peak 
expiratory flow (PEF), functional residual capacity (FRC) and trachea-esophageal 
fistula (TEF25%) were analyzed. 

4.3. Real-time quantitative PCR (RT–qPCR)
RT–qPCR was performed using primers to detect Bax, Bcl-2 and housekeeping gene 
β-actin (ACTB) on a ABI PRISM 7700 Sequence Detection System using pre-de-
veloped TaqMan assay reagents (Applied Biosystems, Foster City, CA). Quantitative 
analysis of gene expression was performed using the comparative threshold cycle 
(CT) method (CT, threshold cycle number, is the minimum number of cycles needed 
before the product can be detected). The arithmetic formula for the CT method is 
given by the difference in threshold cycles for a target and an endogenous reference 
(e.g., housekeeping gene β-actin). The amount of target normalized to an endogenous 
reference and relative to a calibration normalized to an endogenous reference is given 
by 2−ΔΔCT.

4.4. Apoptosis assay
Apoptosis in lung tissue sections was measured using the terminal deoxynucleotidyl 
transferase-mediated dUTP nick end-labeling (TUNEL) detection kit (Roche Applied 
Science, Indianapolis, IN, USA). The slides were then analyzed by fluorescence 
microscopy and images were captured using a Photometrix digital camera mounted 
on a Nikon laser microscope with MetaMorph imaging software (MDS Analytical 
Technologies, Downingtown, PA).

4.5. Western blot
The procedure was performed according to the standard protocols for western blot-
ting analysis. The prepared cells were first trypsinized and harvested, then washed 
once with PBS and re-suspended in cell lysis buffer (PBS with 1% Triton X-100 and 
protease inhibitors) for western blotting. After brief sonication, cell lysates were 
centrifuged at 13,000 rpm for 5 min. Protein concentration was determined and its 
equivalent amounts of lysate was added to an equal volume of 2 × Laemmli buffer 
and boiled for 10 min. Finally, proteins were detected by SuperSignal enhanced 
chemiluminescence development (ECL) (Thermo Scientific Pierce) reagent and 
exposed to films (Kodak). The protein level quantification was carried out by 
Image J.

4.6. TUNEL assay
The terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling 
(TUNEL) assay was performed using the in-situ cell death detection kit (Roche Diag-
nostics Corporation, Indianapolis, IN, USA). After transfection, the cells were seeded 
at 5×103 cells per well in 14-well plates at 24 h. The cells were then treated with 
0.05 ppc paclitaxel for 1 h and fixed using 4% paraformaldehyde and incubated in 
0.1% TritonX-100 for 2 min on ice and washed. After washing, the TUNEL reaction 
mixture was added to each well and incubated for 1 h at 37 °C in the dark. The 
cells were stained using DAPI (4, 6-diamidino-2-phenylindole, Dojindo Molecular 
Technologies, Inc., Japan). Fluorescence images were obtained at an excitation wave-
length of 488 nm for FITC-labeled nanoparticles using NISE elements F 2.20 imaging 
software (Nikon, Tokyo, Japan).

4.7. Statistical analysis
All the data are presented as mean±SEM. Statistical significance was calculated 
using the two-tailed Fisher’s exact t-test or one-way analysis of variance (ANOVA) 
followed by Tukey’s post-hoc test for multigroup comparisons as appropriate. A 
P-value of <0.05 was considered as statistically significant.

Conflicts of interest: None declared.

Fig. 3: Effect of Mucosolvan® cell apoptosis. * P<0.05 and ** P<0.01 compared to the control group.
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