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OUTLINE

★ What is surfactant and what does it do?

★ How do we know about surfactant?

★ What is the role of surfactant in disease?

★ What is the focus of current/future research on surfactant?



PULMONARY SURFACTANT REDUCES ALVEOLAR SURFACE TENSION

★ Complex of Lipids (90%) & Proteins 
(10%) lining alveolar surface

★ Secreted by type II alveolar cells

★ Adsorbs air water interface to reduce 
surface tension, keeping the airways 
open



PULMONARY SURFACTANT PROTEINS: SP-A,-B,-C & -D
★ SP-A & SP-D are hydrophilic proteins

○ SP-A Forms tubular myelin, binds & neutralizes pathogens
○ SP-D mainly binds & neutralizes pathogens

★ SP-B & SP-C are hydrophobic proteins
○ Increase rate of spread of surfactant across alveolar surface



TIMELINE OF SURFACTANT RESEARCH

1929 - Neergard

First Suggested Surfactant Existed

Early 1950s - Pattle, Clements, Macklin

Proposed role of surfactant in reducing 

surface tension (studying nerve gas)

1959 - Avery

Determined the Cause of NRDS

1980 - Fujiwara

First Successful 

Treatment of NRDS



KURT VON NEERGARD (1887-1947) 

★ Swiss physiologist

★ In 1929 was the first to suggest the 
presence of pulmonary surfactant

 
★ Emptied porcine lungs from air and filled 

with gum to eliminate surface tension, 
obtained pressure volume curves



NEERGARD’S CONCLUSIONS

★ “Surface tension is responsible for the greater part of total lung 
recoil compared to tissue elasticity.”

★ “A lower surface tension would be useful for the respiratory 
mechanism because without it pulmonary retraction might become 
so great as to interfere with adequate expansion”

★ “Surface tension as a force counteracting the first breath of the 
newly born should be investigated further”



RICHARD PATTLE

★ Studying chemical warfare at the Ministry 
of Defence lab in England

★ Nerve gases = pulmonary edema foam in 
rabbits (1955)

★ Bubbles were stable in the face of 
antifoaming agents

★ “The air bubbles must be covered with a 
unique substance from the lining layers 
of the alveoli which made them so 
stable”



JOHN CLEMENTS
★ Studying nerve gas at the US Army 

Chemical Centre

★ Langmuir-Wilhemy balance experiments, 
pressure volume curves for excised cat lungs

★ Studied lung surface tension in lung extracts 
from cats, rats and dogs (1957)

★ Reported that “lung extracts contained 
material that could lower surface tension to 
less than 10 dynes/cm and stabilize alveoli 
against collapse”



CHRIS MACKLIN
★ Pathologist studying phosgene in Canadian chemical warfare 

laboratories

★ Published paper in 1954 hypothesizing existence of pulmonary 
surfactant

★ “From a-priori reasoning there ought to be a thin aqueous cohesive 
flexible film on the pulmonary alveolar walls”

★ “This mucoid film has been credited with performing vital functions, 
such as [...] the maintenance of a constant favourable alveolar 
surface tension”



MARY ELLEN AVERY (1927-2011)

★ Career in Pediatric Medicine 

★ Inspiration through Tuberculosis

★ Studied Medicine at Johns Hopkins 

★ Important discovery at Harvard related 
to NRDS...



MAJOR DISCOVERY (1959)
With the help of Jere Mead she discovered that the 
cause of “hyaline membrane disease” was higher 
surface tension. 

She did this by comparing: 

Lungs of infants who died of RDS to lungs of infants, 
adults, and children who died of other causes.

And concluded that: 

These infant lungs were lacking a “surface acting 
substance” 



MARY ELLEN AVERY ON HER DISCOVERY

"It's all because they had something they would have 
not needed before birth because they weren't using 
their lungs for ventilation before birth. But after birth, 
without it, they could not live more than a day or two. 
And therefore I found what was missing."



THE DEATH OF JFK’s CHILD

Progress in finding a 
cure was slow, UNTIL 
the son of president JFK 
died shortly after birth 
due to NRDS in 1963



FIRST SUCCESSFUL TREATMENT 
OF NRDS BY FUJIWARA IN 1980 

★ Treated 10 preterm infants with artificial surfactant

★ Oxygenation and Alveolar-Arterial O2 gradients 
improved. 

★ 8 of the infants survived and 2 died of “unrelated 
causes”



INCREASE IN ARTERIAL PO2 WITH SURFACTANT TREATMENT

Approximately 1 hour post 
treatment: 

Arterial PO2 increased from 45 ± 7 
mmHg to 212 ± 46 mmHg

pH rose from 7.129 ± 0.051 to 
7.305 ± 0.044 



OTHER RESPIRATORY DISTRESS SYNDROMES IN PRETERM BABIES

Meconium Aspiration Syndrome: 
★ Aspiration of first feces 
Pulmonary Hemorrhage: 
★ Discharge of bloody fluid into lungs 
Acute Respiratory Distress Syndrome:
★ Fluid buildup in alveoli from capillaries

Pulmonary Alveolar Proteinosis: 
★ Accumulation of lipids and protein in 

alveoli 

Surfactant 
inactivation

Surfactant 
build up



CURRENT/FUTURE RESEARCH ON PULMONARY SURFACTANT

★ Current research is focusing on fine tuning surfactant therapy

★ Delivery of surfactant?

★ Natural vs. synthetic surfactant?

★ Exogenous surfactant for drug delivery?

★ iPSC-derived surfactant-producing cells?



DELIVERY OF EXOGENOUS SURFACTANT
★ Endotracheal intubation – most common 

technique

★ Intubation-surfactant-extubation method 
(INSURE)

★ In utero methods

★ New methods

○ Laryngeal mask airway (LMA)

○ Aerosolized/nebulized surfactant

○ Dry powder inhalers (DPI)



NATURAL VS. SYNTHETIC SURFACTANT

★ Natural (bovine/porcine) surfactant more 
effective than lipid-based synthetic surfactants

★ Synthetic surfactants are cheaper, no 
immunological consequences

★ Surfactant associated proteins?

○ Animal derived surfactants have less SP-B 
than human surfactant

★ Research focused on optimizing synthetic 
surfactant using analogues of SP-B & -C



SURFACTANT FOR DRUG DELIVERY?

★ Researchers are currently 
investigating the use of 
surfactant as a shuttle for 
drug delivery

★ Lungs: non-invasive route for drug delivery

○ Large surface area, well vascularized →  rapid drug delivery

★ Solution for delivery of poorly water soluble drugs

★ Biophysical properties of surfactant are favourable for drug delivery



SURFACTANT-PRODUCING CELLS FROM iPSCs FOR 
TREATMENT OF RESPIRATORY DISEASE

★ Jacob et al.(2017) report the successful 
differentiation of human pluripotent 
stem cells into alveolar type 2 cells

○ Capable of surfactant production

★ Kang & Thebaud (2017) discuss 
possibility of correcting genetic 
deficiencies in surfactant production 
with genome-edited iPSCs
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