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Lung Surfactant 
     Lung surfactant is a complex mixture of lipids and proteins secreted by alveolar 
type II epithelial cells and is essenLal to the mechanism of breathing.  

Func6on:   
   Lung surfactant forms a film at the air‐
water interface inside the alveoli where 
it funcLons in reducing surface tension, 
easing breathing and prevenLng 
alveolar collapse. 

     A deficiency or dysfuncLon of lung surfactant results in disorders:  
• Neonatal Respiratory Distress Syndrome (NRDS)  
• Acute Respiratory Distress Syndrome (ARDS) 
     Animal derived surfactants, such as Survanta, are only successful in treaLng NRDS.  
Other drawbacks include possible viral contaminaLon and batch to batch variaLon. 
Goal:  
     To understand the roles of the various components of lung surfactant in order to determine 
an opLmum composiLon which will result in the best performance. 
This will hopefully lead to the development of a syntheLc replacement surfactant. 

Cholesterol 
     Cholesterol is a neutral lipid component of lung surfactant.  
• It accounts for 3‐10 wt % of healthy naLve surfactant. 
• Role of these physiological amounts of cholesterol is not well 
    understood.  
• ARDS is associated with elevated levels of cholesterol – 20 wt % or 
   greater – which inhibit surfactant funcLon. 
Replacement Surfactants: 
     Due to a debate over whether lower levels of cholesterol also inhibit 
surfactant funcLon, cholesterol is removed from most FDA approved 
animal derived replacement surfactants.  

Major Components of Lung Surfactant 

 The funcLoning and morphology of a surfactant mixture is measured and observed. 

Phospholipids: 80‐90 wt %    The main phospholipid, dipalmitoylphosphaLdylcholine (DPPC), is   
                responsible for the ability of lung surfactant to reach very low surface   
                tensions. 

Proteins: 5‐10 wt %             Survanta has two of the four proteins present in naLve surfactant: SP‐B and  
               SP‐C.  These aid in re‐absorpLon by holding lipids close to the interface. 

Cholesterol: 3‐10 wt %             Cholesterol is present in naLve surfactant but is removed from Survanta. 

Research Methods 

Saline 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Langmuir trough: an in vitro model of the   
     breathing cycle.  
Steel band: compresses and expands the 
    surfactant film  
Wilhelmy plate: measures surface pressure 

Results 

Compression 

Expansion 

Pressure vs. Area Isotherms:  
     These isotherms display the change in surface pressure as the area inside the Langmuir 
trough is changed.  An ideal surfactant will reach surface pressures as close to 72.2 mN/m as 
possible with as liale compression as possible. 
Survanta and Survanta Lipids 
     Survanta is used as a model of 
a healthy, good performing lung 
surfactant.  Its isotherm has: 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SP‐B and Cholesterol 
The addiLon of SP‐B to Survanta lipids improves 
absorpLon.  This is indicated by the shib of the 
compression line to the right.  The shib is more 
pronounced with 5% SP‐B than with 1%.  

• 5% cholesterol improves surfactant funcLon: 
     ‐ improved absorpLon  
     ‐ higher surface pressures (about 69 mN/m) reached         
       sooner    

Survanta lipids + cholesterol + SP‐B + fluorescent dye = 

Langmuir trough is mounted on 
a fluorescence microscope 

     Survanta from which the 
proteins have been removed is 
called Survanta lipids.  Its 
isotherm has: 
          • No shoulder  
          • No collapse plateau 

Fluorescence Microscope Images 

A 

B 

A.  A characterisLc shoulder 
B.  A collapse plateau  

 (At about 65 mN/m) 

Ques6ons: 
  • Do pharmaceuLcal companies need to remove small amounts      
     of cholesterol from replacement surfactants?   
  • What amount of cholesterol should be included in a syntheLc 
      surfactant? 

Summary 

100 μm 

Survanta   
• Small discreet domains with high  
   number density = a stable film 
• Collapse cracks (   ) = good re‐absorpLon  

25mN/m              45mN/m                Collapse 

Survanta Lipids (SL) 
• Larger discreet domains with lower   
   number density than Survanta 
• No collapse cracks 

SL + 5% SP‐B 
• Smaller discreet domains with higher 
   number density than SL 

SL + 5% SP‐B + 5% Cholesterol 
• Hazy = surfactant vesicles floaLng 
   just below interface 
• Collapse cracks beginning to form 

SL + 5% SP‐B + 20% Cholesterol 
• Phase reversal 

• 20% cholesterol inhibits surfactant funcLon 
     ‐ absorpLon inhibited 
     ‐ high surface pressures not reached 

• The addiLon of SP‐B and small amounts of 
   cholesterol to a surfactant which lacks  
   proteins and cholesterol improves funcLon 
   and alters surface film morphology.  

• The addiLon of large amounts of cholesterol 
   inhibits surfactant funcLon and causes 
   phase reversal. 

Future Work 
• Study interacLon of cholesterol with SP‐C or 
   a combinaLon of SP‐C and SP‐B 
• Use addiLonal concentraLons of cholesterol at smaller 
   intervals to narrow down what is the exact opLmum 
   concentraLon 
• Run experiments at physiological temperature 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