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We present an experimental study of the effect of charged model particles on the microstructure and dynamic 
surface elasticity of lipid monolayers at the air/liquid interface as biomimetic pulmonary surfactant. For 
measuring dynamic surface elasticity, we have performed compression-expansion cycles simulating respiratory 
movements on a Langmuir trough.  Additionally, the modifications of the monolayer microstructure were 
investigated by Brewster angle microscopy (BAM). We found that, positive particles interact poorly with the 
surfactant, therefore no modifications in microstructure or mechanical properties were observed. Conversely, 
negative charged particles incorporate into the monolayer, altering the microstructure and the mechanical 
properties. Regarding the overall findings, a similar methodology is under progress to collect particulate matters 
in ambient atmosphere at different sites in order understand their interactions and their effects on the biomimetic 
pulmonary surfactant. This allows a better understanding of pulmonary surfactant inhibition or deficiency 
causing severe respiratory distress or pathologies. 
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1. Introduction 

Numerous studies show that urban air pollution, related 
to airborne particles, leads to an increase in the incidence 
of lung diseases and mortality as mentioned in [1]. 
Particles with aerodynamic diameters less than 2 μm can 
penetrate and reach the alveoli, in which they interact 
with the pulmonary surfactant (SP). This latter is 
composed of a lipid monolayer which reduces surface 
tension of the pulmonary alveoli, and thus prevents 
alveolar collapse. This study aims to identify the origins 
and types of interactions of airborne particles with SP.  

2. Methods 

Our methodology consists first on producing a SP model. 
Then the analyses of the particles action on the surfactant 
by the Brewster angle microscopy (BAM) coupled with 
Langmuir trough which simulate respiratory movements. 
Here, the elastic modulus and BAM analyses were 
performed at 30 mN/m which represents the equivalent 
pulmonary pressure at 37°C.  
 

Our SP model is mainly composed of the solid phase of 
60% DPPC and 20% DPPS responsible for the low 
compressibility and 20% of fluid phase of DLPC, as 
reviewed by [2].  
 

Among the wide variety and high complexity of airborne 
particles, the choice of model particles was motivated to 
study the influence of the charge on SP as a preliminary 
step. Hence, two types of 200 nm polystyrene particles 
were used containing: 
-negatively charged carboxyl surface groups (-COO−) , 
namely PSC 

-positively charged Amidine surface groups 
(C(=NH)NH2), namely PSA.  

3. Results and Discussion 

A clear difference is illustrated in Figure 1, between the  
effects of these two particles on the modulus of elasticity  

 

of pulmonary surfactant.  Positive particles do not have a  
significant effect on the modulus of elasticity and 
structure of pulmonary surfactant, while negative 
particles decrease it considerably and this decrease is 
related to the quantity of particles. 

 

 
Figure 1: (a) The average elastic modulus of the 

pulmonary surfactant (SP), in the presence of positive 

(PSA) and negative (PSC) particles for a stress frequency 

of 0.01 Hz. BAM images showing the pulmonary 

surfactant microstructure (b) without particles, (c)in the 

presence of positive particles PSA and (d) in the presence 

of negative particles PSC 
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