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l. 

INTRODUCTION 

The lung has long been the focus ot philosophical and experimental 

endeavor and, because� of its uniqueness { along with the heart) in 

being "close to the line of life� has stimulated a vast amount of 

research and queationa on its physiologic mechanisms. Not the least 

among these has beens (1) What keep• moat alveoli air-containing at 

the end of expiration? (2) What is the mechanism of ateleotasis? (3) 

Why do some alveoli inf'late fully before others begin to inflate? and 

(4) Ia there �hing unique about air-liquid interface• that has

an effect on lung mechanism? These queatione, and many othera, have 

produced a oontinually increasing body ot literature on varioua 

upeots ot what ia now referred to as "pulmonary surfactant." 

Pulmonary aurfactant ia that material, primarily lipoprotein in nature, 

which lies at the air-tissue interface of the lung and, because it 

exert■ surface tension (an attraction between wicharged particles), 

has a direct effect on lwtg mechanics and alveolar stability. 

Thia paper is an attempt to summarize the literature on pulmonary 

surfactant and formulate conclusions justifiable therefrom that are 

likely to be effioaoioua to thoae dealing with the lung clinically. 

Articles included in the bibliography were selected for one of the 

following reasons, (1) The article stated a "new" conclusion from 

the data, (2) The article provided the needed confirmation of an 

hypothesis previoualy preaentedJ or (3) The article was a summary of 

conclusions to date and contained an appropriate bibliography. An 

honest attempt was made to insure that experimental design and results 

were consistent with the conclusions drawn therefrom. 



DEFINITIONS 

Surfactant - that material lining the air-tissue interface of the 1mg. 

Surface tension - an attraction between mcharged partiolea. 

ttErtract activit7 index" - a measure of the effectiveness of obanging 

aurfaoe tension relative � aurf aoe area. 

"Aotive extract" - an extract of lung tissue which exhibits a surface 

tension of less than 15 qn .. /om. on oompresaion 

to 2� of original surfao• area and also exhibits 

marked hyatereaia on reexpansion. 

Hysteresis - the behavior of a mechanical system in which the result 

of an applied force lags behind the force itaelt- volume 

change of lungs lags behind the transpulmnary- preasure 

changes which produce it. 

"Ll11'1g atabilit7 index" - a measure of the tendency of an alveolue 

to collapse on return to low pressure. 
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SURFACE FORCES IN THE LUNG 

Surface torcea operate in such a manner as to decreaae the area 

of the surface upon which they act. Witness the fact that a drop of 

liquid completely surrounded by a gaa phase will attempt to assume 

the shape of a sphere in order to minimize surface area. According 

to the law of La Place, the mechanical advantage of surface forces 

is enhanced by a more sharply curved surface: 

tension (T) • force {F) / distance {2~r) 

pressure (P) • F / unit area {~r2 ) 

P • T •2"'77'r • 2T 
~ r 

It may be seen from the above that the more aharply curved the 

surface, the shorter the radius, and the greater the pressure, as 

long as tension remains constant. If this were true in the lung, 

which~ be thought of as & system of communicating spheres (alveoli), 

a small alveolus would have a greater pressure than a large alveolus 

and, consequently, the small alveolus would collapse by expelling its 

contents into the large alveolus. This is not observed in the lung 

and requires explanation. 

One can readily deduce from the above that, in order for small 

alveoli not to cillapse, a change in tension must occur to keep the 

pressure minimized. It must therefore be concluded, even without any 

evidence, that in order for alveoli to expand and oontraot physiologi­

cally, a substance must be present which oan alter the surface tension 

of the alveolus. In view of this, then, the existence of pulmonary 

surfactant must be admitted and presumed to act in such a manner that 

surface tension is decreased as an alveolus deflates. Because of this 

3. 



21 property, Clements suggested that surfactant is and "anti-atelectasis 

f'a.ctor". 

Studies demonstrating very little change in the pressure-volume 

characteristics of the lung following death59 or in the excised lung?2 

have made comparison of' resulta from the various preparations more 

valid. Mead et al~O noted that the volume-pressure hysteresis of the 

lungs ot both humans and animals after slow deep-breathing could not 

be accounted for solely on the basis ot ordinary pulmonary flow re­

sistance (instantaneous transpulmonary pressure is a function of the 

corresponding volume and flow r ate). 

This concept implies that as flow resistance approaches zero 

during progressively slower cycles, a plot of pressure against volume 

would yield a straight line. This is not observed. They noted that 

the degree of hysteresis in lungs filled with saline was small but 

in those filled with air it was large and, therefore, they concluded 

that much of the hysteresis observed in the lung was due to surface 

forces. It has also been observed that the compliance of the lung at 

low transpulmonary pressure, decreases during shallow ventilation. 

This decreaee . .,in compliance has been attributed to an increase in 

surface tension.86 

20 Clements gave a mathematical expression for the degree of 

activity of a sample so that transfer of results would be more 

meaningful. His expression states that the "extract activity index" 

is equal to twice the difference between maximum and minimum suffaoe 

tensions divided by their sum (possible range of values is 0-2). A 

high value indicates a signifioant change of tension for a change in 

area and a decrease in average tension. Gruenwald38 calculated lung 

stability (a measure of the tendency of an alveolus to collapse at 
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low preasure) from the deflation part of the presaure-rolume curve, 

and found that 1mg stability correlated well (r • +0.68, P<.001} 

with extract activit7. 

An eaaily prepared, reproduoable chemical model for the study of 

aurfaotant has been prepared.51 An ethanol solution ot lecithin is 

precipitated with albumin and l drop of the suapension, containing 

0.04 mg. lecithin ia spread on the surface of o.� sodium ohloride 

aolution. Thi• llaa proven to be an active sample (■urfaoe tension 

decreases to leas than 15 dp,.ea/om. on oompression to 2� of original 

area and showa marked �stereaia on reexpanaion). This model 

facilitates atudy of effect• ot various agents on aurfaota:nt. 

The theory that presaur.-rolume characteristics of the 1mg are 

dependent upon surface• toroea ia baaed on the premiaes that the 1mg 

is lined with a aurtaoe-denaturable material and that alveolar sisea 

deviate aignificantly from the mean.19 One appreciate■ the magnitude

of this surface activity when it is remembered that the total 1mg 

aurfaoe area of man approximate■ 70 aquare, meter■ (equivalent to 

500,000,000 alveoli with mean diameter of 15<!,u)15,75 That lung

aurfaotant has very little to do with elastioit7 has been adequatel7 

demonstrated.61 For purposes of convenience, lung extracts may be

dryed into powder and atored without losing their propertiea.11

  5.



1IORPHOLOGIC STUDIES 

The controversy about the existenoe of a pulmonary epithelium 

COTering the oapillary endothelium in the lung was conolus1vel7 

resolved b7 Lo-52 when he demonatrated a oytoplaamic lqer covering

the capillary endothelium b7 electron microaoow in the rat lung. 

He also later demonstrated evidence that the alveolar epithelium waa 

an entodermal derivative.53 He showed by electron Jliorosoopic stu�,

that the alveolar epitkelium was in direct continuity with the 

cuboidal epithelium ot the bronchioles and hypotheaised its entodermal 

origin becauae ot this fact ands (1) There ie an uninterrupted 

epithelial lining ot the alveoli' (2) These epithelial cells are 

non-phagocytioJ (3) Celle of entodermal origin are uaually non­

phagocytioJ (4) Cytoplum of aome epithelial cell■ closely resemble■ 

that of macrophage•, and (5) The phagooytio macrophages found in the 

lung are free in the alveoli and rest on the epithelium. 

Jlaokl1n56 
demonstrated the existence of three t7P9s of cell• 

in the lung epithelium- membranous pneumocytea {Tn,. I), phagooytic 

cells, and granular pne1U110cytea (Tn>• II). It was presuaed "that the 

granular pneumocytes posaessed an exocrine function whereas the 

membranous pneumooytes did not. Eleotron mi.oroacopio evidence of the 

exocrine function ot granular pa.eumocytes was obtained in 1964 when 

Bensoll, et a19 publiahed a photomicrograph showing the lamellar

body in a granular pneumocyte discharging into the alveo-iar spaoe. 

It was also noted that in co2-md.uoed hyaline membrane disease, the

time course of changes in lamellar bodies and pulmonary surface 

tension paralleled each other closely. This was taken as suggestive 

evidence that the lamellar bodiea are the site of origin ot pulmonary 

surf aotant. 
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Th• lamellar (inclusion} bo� was oonoluded not to be mitochondrial 

in nature b7 electron llicroacopic, hietoohemical, and surface tension 

activit7 atudiea, b7 Tirtue of the following tindingaa 16 (l} The

inclusions were poaitive in the periodic acid-Schill teat after 

digestion with diaatueJ (2) They formed .,-elin figur••J (3) The7 

poaaeased alkaline p•o■phataae aotivityf (4) They were not stained 

with toluidine blue, and (5) Both the typical surface terurion activity 

and inoluaiona dneloped two d&T• before birth in tae rat. Further 

electron llioroaoopio atud.iea
8 

demonstrated that the granular pneumooyte

inclusion bodies (oalliophilic granules) were formed and "secreted" 

in greater nuabera in late fetal Ilife and early infancy and appeared 

t-o reault fro■ Mfocal degradation of any cytoplumio membrani in

rapidly changing ouboidal epithelium." It waa concluded that the 

inclusion bod.iea were lyaoaomal atruotu:res on the baai■ ot morphologic 

charaoterietic• and on th• distribution ot the acid phoaphataae 

reaction. 

  7.



TDIE OF APPEARANCE OF SURFACTAlfr 

It haa been noted71 that lunga too immature to produce a complete

lining film have never been found to apontaneoualy aerate. This can 

occur only after the lung acquires the capacity to produce a lining 

film, whioh take• place when the larger lumina ot the lung oeasesto 

be lined with cuboid.al epithelium. Since thia capacity ia acquired 

in the human lung at 24 wka. gestation, it is not felt that inability 

to produce a lining l113er ia reaponsible for the reapiratory distress 

s,ndrome of intanta. 

It has been demonstrated in fetal moe
16,93 that the oamiophilic

inclusion bodies of the granular pneumoo,te firat appear in the 18 

dq old fetua (term geatation in the mouse is 19 ciqe) and that the 

large majority of fetuses of gestational age leas than 18 day• failed 

to achieve the low surface tension of lung extracts reoorded by all 

term fetuaes and newborns. Gruenwa.14)9 concluded that infants ma:r be

predisposed to the reapiratory distress syndrome in utero becauae 

ot the differences that exist in surface activity and stabilit)r 

between infants with respiratory distress a,ndrome and infants who 

have never breathed (atillborn). Electron microaoopic atudiea17 of 

the human lung support the appearance of lamellar incluaiona at the 

time in fetal development in which there ia a decrease in glycogg 

oontent of the alveolar epi theli'Wll (5-6 months gestation) and the 

appearance ot surface activity. It was alao noted that in speoiea 

lacking inoluaion bodies (e.g. the pigeen) there is no surfactant. 

8.



CHEMICAL STUDIES 

Isolation and identification of dipalmitoyl lecithin for the 

tint time from th• llD'lg ooourred in 1946. 84 It was later shown 72

that the light apectrum of a water extract ot lung was qualitatively 

identical to that of purified egg lecithin. Abraas1 anal.7se4 the

lipoprotein from lung extracts and found it to be ant4-globulin with 
4 • 

a molecular weight of 2.-4 .o.5x105 and oontain 40.2 ±Q.fil, lipid. T.he

onl.7 phoapholipid which ha found in the extract waa dipalmito7l 

lecithin. The a.tructure of lung lecithin ia,42

�OCOR (aat) 
f 

(eat) ROOOCB 

'-iOPc 
The oompoaition of extract• from the lung has been determined,32,48

and ia approximatel.7 601, phoapholipid, 1� trigl7oeride, fJ1, FFA, 

� free oholffterol, and o.� oholeaterol eatera. Of the phoapholipid

fraction, 4$ was leoithia, 1� was phoaphatidyl ethanolamine, and

91, was aphingo113"elin. The leoi thin had 601, saturated tatty- aoida

{1� palmitio, 4� ateario). Webb91 categorised the components of

surfaotant on a fwictional basis- unsaturated phoapholipid to give 

low tenaiona, nonphosphated lipids to protect the phoapholipida from 

oxidation, and protein as a skeleton whic� hold.a the lipid together. 

Surfactant can be attacked by pan.o:reatin and trn,ain, indioatiag 

a protein oonstituent.69 An increase in the minimum surface tension

of lung extracts has been observed alter exposure to mercuric chloride, 

dilute acids, and acetone,70 petroleum ether extracts of dried tissue,

87 . 81 
edema foam, and oleio acidJ KOH, �co

3
, and lfaHC0

3
, amniotic

fluidJ33 polyaorbate 20 (Tween 20),74 o.� ootyl alcoholJ95 lecithin,

g.. 



l.7aolecithin, and Tween 80.68 Surface tension and �•tereais are not 

affected by irritants that are not surface active.68 It has also 

been noted70 that protein precipitants make the foam of pulmonary 

edema vulnerable to surface actiTe anti-fo&J11B. 

It baa �en demonstrated that with an increase in temperature, 

alveolar surface tenaion rises more ra:pidl7
86 and decreases the

stability ot normal lunga.4
° Cleaenta22 fo1.111d that heating produced 

a deoreaae 1n qatereaia, decreased minimal volume on deflation, 

decreased inflation pNssure and increased deflation pressure, All 

th••• change■ were reversible on cooling. 
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SYNTHESIS OF SURFACTANI' 

Biochemical studies relating to the synthesis of pulmonary 

surfactant have dealt primarily with the syntheaia ot lecithins. 

Thia is understandably so, inaamuoh as the body ot evidence presented 

elsewhere in this paper leaves little doubt that lecithins are the 

primary oonatituent ot pulmonary surfactant. Brown14 csompletely

precipitated the surface active material from aaline extracts o� 

lung with trichloroacetic acid and subeequentl7 extracted all ot 

the activity from the precipitate with ethyl or methyl alcohol. The 

surface active material was identified chemically as dipalmityl 

phoephatidyl choline. Ha noted that the only known pure phospholipida 

that show surface activity at body temperature a.re sphingo1117elin 

and saturated lecithins. There was an absence ot aphingom;yelin from 

hi• prepared precipitate. 

In support of' th• hypothesi• that alveolar epithelial oell 

mitochondria are the source of' aurf'aotant, the following have been 

noteds49 

(l) Surfactant has been found in significant quantitiea onl.7

in th• waahed mitochondrial fraction ot rnammaJian lungJ

(2) Aasociated with the loss of' 1mg aurfac• activity following

vagotom;r, there ia almost a complete loss of mitochondrial

lamellar forma;

(3) In animals that show no lamellar forms in their alveolar

lining cells, there has been a notable absence of surface

activity in lung extracts.

The initial biochemical finding whioh implicated 'that the lung 

itself might be involved in actual synthesis of surfactant waa the 

observation that there was an "aatoniahingly high degree of utilization" 

of acetate in the production ot fatt7 acids by the limg.73 It baa

been shown by Dq and :r1.4ge25,26, using c
14 labeling, that maorophaps
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(which bear close resemblance to alveolar epithelial oella) take 

up both sodium palmitate and acetate. The sodium palmitate waa 

oonvert•d primarily to triglyceride and phospholipid, with small 

amotmta of oholeaterol eater and mono- and diglyoerides. The acetate 

waa converted to oholeaterol, cholesterol eater, triglyceride, mono­

and digl7oeride, and phoapholipid. It was subaequentl7 demonstrated 

tliat the mitoohondrial-rioh traction of' lung ti■sue ie b7 fer the moat 

aotive of' the suboellular fractions in the utilization of acetate 

for long chain tatty acid synthesis.88

The following reactions have been observed in the rat fetua b7 

cU labelinga 35 

(1) CDPJoholine + l>-o{,� diglyceride � *lecithin

(2) CDP-*ethanolamine + D-� ,� diglycerid• -+ �osphatidyl-

ethanolamine(P.E) !'3Cll3 ➔ *lecithin

(3) (--c&3)-s-aclu.oa7l-C-methionine + PE -;:.:. *lecithin

12. 

(4) *Serine+ PB��hoaphatidylserine(PS) -CO� *PB�3!'¾�l•oithin

Term gestation in the rat is 30 dqa. Reaction (1) was fotmd to

be maximum at 21 dqs gestation and then gradually decrease to term. 
. . 

Reaction (2) was f'ound to be h1�ly �i�� tlir�'lCtiout. gutation with 

a sllarp inoreue on dqa 24-2. and •Ji�p dro»c,after ·da�/26. Reaction 

(3) showed a steady inoreue to�-- at day 28 and au'baeql19llt
.. . " - ' . . 

decrease. Reaction (4) ahowed maximum aotivit7 at day J!:6. 'l'�ese fifd.inp,

if' species transfer is allowed., mq be part of the e�l .. �1�� tor 
. . . . 

variation and relatively poor correlation of .�tati� -"��"-\,P

qaline membrane diaeaae. It mq also be assumed that thei-e .. ,_.e
.. :"---. - . 

. 

several bioohemiaal pathwrq■ of' qnthesia of' surfactant with variable 

oontrilling factors. 



CONDITIONS IN WHICH SURFACE TENSION IS ALTERED 

Hyaline Membrane Disease (mm)

lqaline Membrane Diaease (Respiratory Distress Syndrome) of 

infants is characterized b7 increased respiratory rate and minute 

TOlume, normal or deor.aaed tidal TOlume, decreased alveolar Tenti­

lation, increased respiratory dead apace, a variable vetilation­

perfusion ratio, decreased diftuaing oapaoit7, decreased lung 

compliance, and reepiratory- and meta'bollio aoidosis.45,50,�4 The

pattern ot meta'boliam in mm (excessive tissue d.eatruction, shift 

ot water from cell■ to extracellular fluid, Jln>erkalemia, and excessive 

excretion ot aodiwa) JJJ&7 alao occur to a leaser degree in prematures 

or infants of diabetic mothers without diatresa, and even to greater 

degree in prematurit7 alone.66 Delay- in onaet ot r�apiration,

immaturit7 of enzyme ayate•, cesarean section, and i11111&turit:, of 

capillaries llave been taougllt to be important in the etiology- of mm.

The radiologic pattern i■ nonapecifio.27

The membrane of mm has been produced b7 intratracheal injection 

of human liquor &111111 1n the rat.18 It has been described by electron

mioroaoopy as overl7ing the alveolar epithelium �d having a fibrillar 

matrix (apparently fibrin), preaumabq derived from plasma.13 Gitlin79

felt that the membrane was formed b7 aynereaia of fibrin which had 

come from fibrinogen which effuaed from the pula>nary Tasculatur-e. 

He noted that the :pzoduction of fibrin i• enhanced b7 a thromboplaatin 

material in uniotic fluid. 

AR increased incidence of mm ia found with low birth weight, 

infants delivered by cesarean aeotion, premature infants of diabetio 

mothera, placenta previa, premature separation of the placenta� toxemia, 

and history ot prior atillbirth.�3 Placental tranaf'usion and graTit7 

flow technique• have reportedl7 decreased the incidence of mm.
12

Functional residual oapaoit7 and total lung volUJN have been aJaown 

13.



to be d•creased in mm,37 and in younger animala.6 The cause of mm

is admittedly as yet \mknown and treatment aas been as extravapnt 

as hibernation 1'0

L1ncll55 analysed hyaline membrane• hiatoohemioally and felt that 

there was probably a defioieno;y of the 07toohrome,'oxidaae / cytochrome 

C ens,- system. There ia an increase in aurfaoe t�ion 7 and decreaaed
2 phoapholipida and decreased percentage of leoithin in lung extraota 

o'f infants with H)(D and an inoreaae in surface tension in infants of 

leaa than 1200 grams birth weight. 

That reapirato17 difficulties are more coD1110n in prematures is 

well docaaented.63,65 That surface tenaion plqa an important role

in the resistance of infant■ lunga to aeration 1• alao well known.41

Ateleotaais by itself does not produce an increase in aurfaoe 

tena1on31 as witnessed by the tacts thats (1) Extracts from lunga 

still collapsed atter 10 weeka following ligation had normal surface 

tension, and (2) In oases of pulmonary artery ooolusion, the increase 

in surface tension of extract• occurred before development of 

ateleotaais. 

Pulaonary Edema 

Acute pulmonary edema77 and instillation of fluid into the lunga46,47

have both been shown to produce an increase in surface tension of 1mg 

extracts and a tendency towarda atelectaaia. Ateleotasis by itself 

was not observed to produce an increase in surface tension. It was 

qpotheaized that the amount of fluid remaining in the lungs at 

bif'th might be important in the etiology of the respiratory distress.. 

syndrome. Said, et a1;6 prompted by the observation that aoute pulm­

onary edema produced a decrease in lung compliance out of proportion 

:to 1mg volume, al•o noted an inoreaaed tendency to premature alveolar 
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c1osure as a result of an inoreaae in miniJDUJll and maximum sur:f'aoe 

tension. 

Ha:rlan, et a143 demonstrated the uptake ot radioactive palmitio

acid b7 the lung and noted a decrease in lung tissue radioactivity 

in the presence ot pulmonary edema. It has also been ahown
83 that an 

inhibition ot clot retraction and lysia ia produced when surface­

active llpoproteil'l extracted hom the lung ia mixed with p1asma exudate. 

The surface activity ot this lung lipoprotein waa inhibited by 

fibrinogen whereas the aotivit7 of dipa-imityl lecithin was not in­

hibited. Herein lies evidence for the �thesis that a laok �f 

fibrinol.Jrtio activity is important in the pathogenesis of the membrane 

in hyaline membrane disease of the infant. 

Cervical Vaaotomy 

In 1937, Fa:rber
28 

noted that bilateral cervical vaaotomy pro­

duced a syndrome of increasing dyapnea with resultant asphyxia and 

death in the rabbit. Postmortem examination revealed acute pulmon&r7 

edema and congestion. It was later notec1
62 

that in the majorit7 of

rabbits after bilateral cervical vagotoa.17, membranes could be found 

in their lunga that oloae4' resembled the membranes in inf ant■ with 

hyaline membrane diaeaae. It was also noted that the time of appearance 

o-f the membranes after the operation in the rabbit, oloael.7 approx­

imated the time of appearance of the membrane■ in newborml, suggesting 

a common mechanism. 

A marked aimlarity in the gross appearance of lunga and an in­

crease in the aurfaoe tension of lung extraota baa been noted in,
89 

(1) Infants dying with hyaline membrane disease, (2) TraoheotoJDized

guinea pigs with pul1DOn&r7 congestion following bilateral vagotoJD¥f 

(3) Dogs with unilateral pulmonary artery ligation, (4) Doga with

15.



ligature of one mainstem bronohusJ and (5, Dogs and humans -following 

cardiopulmonary bypass. Accompanying the loss of lung surf ace 

aotivit7 after vagotom;y i■ almost the complete loss of mitochondrial 

lamellar forms.49

10 Bolan.de and llaua have demonstrated the alveolar lining layer

with phoaphatide and polysacoharide staina and also b7 ultraviolet 

ll1oroscop7 in which the lining layer ia observed as a thin fluorescent

line at the air-tiasu• interface. Tlle7 obaerved that the lining la,.er 

was abolished by extraction with chloroformunethanol and decreased by 

digestion with Clostridium welchii o< -toxin leoi thina■e, and concluded 

that the layer waa composed of lipid which is a phosphatide and also 

has a mucopol.7aaoollaride component. They too have noted with thia 

method, a deor•a■• in the fluoresoent lines and abnormal surface 

tenaion properties following bilateral cervical vagotolll1'• 

Pqaical Stress 

Fari�, et a1
29 ventilated the excised lung of a dog 1-6 hours 

with room air, o2, 002, and ir
2 

and fomd an inorease in the minimum

surface tension in all oases. Thi• was also observed as a decrease in 

the percentage of gas volUlle ruiaining in the alveoli at all trans­

pulmonary pressures. The effect waa greatest with room air and ir
2•

After flushing the 1mg with room air and holding the lung at constant 

partial �lation tor aeveral houra, the7 found the effect to be 

reversed oompletel7 in room air and o
2 

lmga but not for co
2 

and lf2

lunga. This finding ■uggeated that co
2 

and 11
2 

might interfere with 

the production of aurfactant. It was also noted that the changes in

pressure-volume measurements and minimum aurfaoe tension were directly 

related to the tidal volume and duration of Tentilation and inversely 

related to end-expirat•ry pressure. This suggested that the larger 

the change in surface area with each inflation, the greater the de-

16.



pletion ot surfactant. Greenfield, et a136 also found that over1y    

inflation ventilation produced a diminution in surfactant and gross 

atelectasis in 24 hours whereas ventilation at normal preasure and 

volume produced no alteration in surfactant. 

It has been noted34 that there is an increase in minimum aurfao• 

iiension to greater thai. 15 dynea/om. in homogra:tted lungs after 24 

hours. Sm-faotant waa found to be normal in autotranaplanted, de­

nervated, and ;homotranaplanted lungs at less than 24 hom-s. The in­

crease in surface tension in homotranaplanted l\D'lga is the earliest 

known sign ot rejeotion. 

Oxygen Torloit7 

Studies measuring bubble atabilit768 did not demonatrate al1;er­

ation in surface tension of extracts after breathing loo,( o
2 

• 

Fujiwara, et a132 was likewise \D'lable to demonstrate any change in 

aurtaoe tension or lipid concentration of lung extracts after 

breathing l� o
2
, but did obaen-e the production of pulaonary edema. 

Collle�4 however, demonstrated anrincrease in both minimum and maxi­

mum surface tenaion of saline extracts of minced lung after producing 

death 'by breathing 1� o
2 

at one atmosphere, thua indicating an 

absence of e1Jrfaoe activity. He h1Potheaised that o
2 

poisoning may 

result in both the abaeno• ot surfactant and the presence of an 

inhibitor of surface aotivit7. 

It has recently been demoutratea91 that hyperbario oxygenation 

produces an increase in the surface tension of lung extracts and, 

mioro■copioall.y, extensive oongeation, edema, inf'luaatory infiltration 

of alveoli and interstitial tissues, and progressive tooal ateleotaais. 

An increase in aurface tension indicates a lo•s of surf'aotant and 

17.



produces an increased expulsive force of the alveoli with an in­

creased tendeno7 ot alveoli to collapse and result in progressive 

ateleotasis. It was �theaised that the loss of' aurfaotant waa due 

to oxidation of the unsaturated phoapholipid fraction of surfaotant, 

Thi• would be consistent with the tact that oxidative or proteol.Jttio 

active chemicals and lipoidal also inhibit pulmonary- surfactant. 

00
2 

Poiaoning 

Humans reapond to an increase in alveolar CO2 concentration

by- inoreaaing ventilation. In contrast to adults, the response curve 

of an inf ant ia shifted to the left, which 1a consistent with their 

lower initial alveolar co
2 

and butter baa• and higher •taboliam per 

kilogram 'bo� weight.5 Schaefer, et a178 showed that after 1-6 hours

of breathing 1'1' co
2 

there was a severe uncozpanaated acidosis with 

decreued blood pH and increased blood peo2 and associated marked

alveolar edema, an inoreaae in l,mg weight, no change in aurfaoe 

tension, and a decrease in the number of lamellar bodies in the 

granular pneumoc,.tea. After 24 hours of breathing l� co
2

, there was 

a demonstrable bye.line membrane in all animal• with associated in­

crease in minimal surface tension, decreased fila oompreaaability, 

and near absence of lamellar bodies. After 2-14 days of 1� co2

18. 

the acidosis became compenaated, there was a gradual decline in 

pulmonar;y edema and hyaline membrane di•eaae, and the surface tension 

and number of lamellar bodies returned to normal. 

Asphyxia 

It has been reported3 that nearl7 5� of aaphyxiated monkeys

(after deliver., by cesarean section) demonstrated atelectasis and 

hyaline membranes like those seen in infants with hyaline meabrane 



disease. Aver,4, however, oould not produce the typioal hia -tological 

picture of hyaline membrane disease (vascular oongeation, diffuse 

ateleotasis, and hyaline membranes) 'by hn>oxia alone in guinea piga, 

rabbits, rats, or mice. 

Aerosols 

Alcohol vapor has been uaed in the treatment of aoute pulmonary 

edema54 because of its anti-foaming effect with improvement in 811,

of oases and no serious aide effects. Aloohol nebuliaations produce 

an increase in compliance and a decrease in airw,q resistance. The 

response to alcohol 1• inhibited in the presence of pulmonary 

congestion compared to normal 1mg. Silioonized superinone and water 

produced a decrease in compliance and an increase in ai:etnq reaistanoe�7

Others 

An increased tendency to atelectaai• and abnormalitiea ot surface 

tension measurements on lun.g &%tracts Jaave also ween observed in 

acute mercury vapor poisoning,58 radiation pneumonitia,90 influenza

virua pneumonia in both mice44 and humana,57 pulmonary artery

oooluaion,30 following transeotion of mainstem bronohua,94 and

ateleotasis. 81
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SUMMARY 

Pula>nary surfactant 1• a lecithin-like lining of th• alTeo1ar 

epithelial cells at the air-tiasue interface of the lung. Film balance 

and bubble etabilit7 studies on extracts of l\Dlg indicate that there 

i• a marked lqstereais of the pressure-,olwne measurements in the 

lWtgwhioh requires the properties of a aurtace-aotive agent for 

fu.l explanation. Surtaotant aerves to prevent ateleotaais b7 

dim.niahing aurf'aoe tension as volume ia decreased. 

"Surfactant" probabl7 includes a Tariet7 of oompounda as preaentq 

•aaured., but oloael7 resembles dipabd.to7l lecithin in ita moat active

part. The mitochondrial fraction ot granular pneumoo7tes is presently 

felt to be the looua of production of surfactant, apparently by 

several reaction sequences. 

E'vidence has been cited oonoerning significant alterations ot 

surface forces in the lungs in a variety of clinical states. 

Although the •ohanisms of interference are not 7et known, the effects 

are real and add to ones understanding of lung function. 
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