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Monomolecular surface films are  formed at the l i qu id -a i r  interphase boundars} in saline ex- 
t rac t s  not only of the lungs, but also of other organs.  During compress ion  and stretching of 
these fi lms on a Wilhelmy balance surface tension (ST) - area  i so therms typicalof  solutions of 
surfactants  were recorded.  Similar curves  with a minimal ST of less than 12 dynes/era  were 
obtained during tests  on monoIayers  of surfactants  deposited on a liquid underlay f rom a volatile 
solvent. Lung surfactants  differed f rom those of other organs in their  high ability to reduce ST 
during compress ion  of the monolayer.  
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The role  of surface phenomena in various biological p rocesses  is ext remely  important  [3]. However, the 
view is held in the l i terature  that it is only lung surfactants  that can reduce surface tension (ST) below 20-12 
dynes /cm [5, 7]. Ganitkevich [4] has stated that extracts  of many other t i ssues  possess  approximately the same 
sur face-ac t ive  propert ies  but gave no quantitative data and did not descr ibe  the methods of his investigation. 
To study this problem an adequate experimental  approach is required  to the a s sessment  of surface activity (SA) 
of the test  substrate.  

The object of this investigation was to compare  SA of ext rac ts  of the lungs and other organs by various 
methods of determining surface tension (ST). 

E X P E R I M E N T A L  M E T H O D  

The proper t ies  of surface films formed in t issue extracts  at interphase boundaries as a resu l t  of adsorp-  
tion were studied in two ser ies  of experiments  (on rabbi ts  and ra ts) .  The ext rac ts  were obtained by homogeni-  
zation of the t issues  in physiological saline (1 g t issue to 150 ml extract) and the cuvette of a surface tension 
balance descr ibed previously [1] was filled with them. After the establishment of adsorption equil ibrium the 
static ST was measured  and S T - a r e a  isotherms were recorded  automatically during compress ion  of the su r -  
face film from the original area  of 60 cm 2 and its subsequent s t retching back again to the initial a rea  at a speed 
of 0.32 cm2/sec.  F rom the curves  thus recorded  the maximal and minimal values of ST were calculated and the 
index of stability [6] determined.  In the experiments  of se r ies  III monomotecular  layers  of surfactant  were ob- 
tained by depositing the substance from a volatile solvent [5, 7, 8]. The t issue was minced in 30 volumes of 
physiological saline and centrifuged at 2,000 rpm for 5 rain; 1 ml of the resul t ing supernatant was diluted with 
2 ml isopropyl alcohol. The mixture was deposited drop by drop f rom a micropipet  on an underlay consist ing 
of physiological  saline, filling the cuvette. Thanks to the isopropyl alcohol the surfactant  was distributed at 
once over the surface of the underlay.  Another advantage of this method is that only a very  small  quantity of 
surfactant  is required.  Taking the quantity of surfactant  requi red  to adjust ST to 40 dynes /cm [9], calculated 
per  square cent imeter ,  as the conventional unit its content was compared in these units per g ram of the t issues  

tested. 
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T A B L E  1. S u r f a c e  A c t i v i t y  of Sa l ine  E x t r a c t s  of  V a r i o u s  O r g a n s  of  R a b b i t s  and  R a t s  
(M �9 m) 

Tissue 

Bile 
Brain 

Kidneys 

LEver 

Small intestine 

Spleen 

Pancreas 

Lungs 

Animals 
i 
Rabbits 
Rats 
Rabbits 
Rats 
Rabbits 
Rats 
Rabbits 
Rats 
Rabbits 
Rats 
Rabbits 
Rats 
Rabbits 
Rats 
Rabbits 

Num- 
ber of 
exper- 
iment: 

ST, dynes/cm 

static maximal 

40.0~- 1,t 4t,t-"-1.3 
46,5~0,3 49,4-+-0,4 
48,4~O,0 5L0-"-0,5 
44.7-4-0,7 47,4-----0,5 
46.2m2,0 49,2-*" 1,4 
43,0~-0,9 47,2----A),8 
42,6-"- 3,0 47,4-"- ! ,6 
3! ,9~ 1,3 36,0"+-0,9 
43.2m2.4 47,3~0,9 
48,52---0,5 50,520,7 
44,12 1,9 47,3~ 1,2 
27.5-4-0,7 33,8+-1,3 
24,9+0~6 31.2-~-0.6 
41,1-----0.9 44,5-"-0.5 
43,6-"-0,5 51,22"-0.3 

minimal 

31.2~3,3 
19.0----- 1,4 
29.2-----0,7 
18,0-4-0,7 
20,7----- t ,9 
16,4~019 
19,0~ t .4 
16,4"*-0.7 
16,8~0,3 
22,9 -~ t, 1 
18,3--1.5 
14,0~1,7 
5.920,3 

15,8"*'0,4 
9,7"-0.I 

Index of 
stability 

0,27---~0,07 
0.89~ 0.06 
0,79~-0.02 
0.90m0.02 
0,80"-0.08 
0,97~0,03 
0;86~0,06 
0,71~0.06 
0.952.-0,02 
037-,-0,03 
0,8920.05 
0.86+0,09 
1,36--0,03 
0.95-*-0.02 
! ,37~0,05 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The  r e s u l t s  o f  the  f i r s t  two s e r i e s  of e x p e r i m e n t s  a r e  g iven  in T a b l e  t .  T h e i r  a n a l y s i s  shows  t h a t  aqueous  
e x t r a c t s  of  a l l  t he  t e s t  o r g a n s  p o s s e s s e d  the p r o p e r t y  of  r e d u c i n g  ST of the  so lven t ,  c h a r a c t e r i s t i c  of  s u r f a c t a n t  
s o l u t i o n s ,  and  of f o r m i n g  f i l m s  on i t s  s u r f a c e ,  d u r i n g  c o m p r e s s i o n  and s t r e t c h i n g  of  which  S T - a r e a  c u r v e s  with 
w e l l - m a r k e d  h y s t e r e s i s  a r e  r e c o r d e d .  In r a b b i t s ,  t h i s  p r o p e r t y  w a s  s e e n  m o s t  c l e a r l y  in e x t r a c t s  of  the  lungs ,  
p a n c r e a s ,  and  s m a l l  i n t e s t i n e .  In r a t s  e x t r a c t s  of the  l i v e r ,  l ungs ,  b r a i n ,  and  k i d n e y s  p o s s e s s e d  the  g r e a t e s t  
a c t i v i t y .  I t  was  d i s c o v e r e d  tha t  a so lu t i on  of r a b b i t ' s  b i l e  in s a l i n e  had  a low s t a t i c  ST,  w h e r e a s  the  m i n i m a l  
ST was  v e r y  h igh  and  the  index of s t a b i l i t y  e x t r e m e l y  low. On the  o t h e r  hand ,  the  v e r y  low v a l u e s  of  the  s t a t i c  
ST of  e x t r a c t s  of t he  r a t  s m a l l  i n t e s t i n e  and r a t  and  r a b b i t  p a n c r e a s ,  and  a l s o  the  m i n i m a l  ST on r a t  p a n c r e a t i c  
e x t r a c t s  w e r e  not  a c c o m p a n i e d  by an e q u i v a l e n t  i n c r e a s e  in the  index of s t a b i l i t y ,  a s  o b s e r v e d  on a change  in 
t h e  s u r f a c t a n t  c o n c e n t r a t i o n  in s o l u t i o n  [2]. T h i s  was  e v i d e n t l y  due p r i m a r i l y  to  q u a l i t a t i v e  d i f f e r e n c e s  in the  
s u r f a c t a n t s  f o r m i n g  the  m o n o l a y e r .  Not  only a d i f f e r e n c e  in the  quan t i ty  of s u r f a c t a n t  p e r  uni t  m a s s  of  t i s s u e ,  
but  a l s o  q u a l i t a t i v e  d i f f e r e n c e s  in i t s  n a t u r e ,  can  c a u s e  d i f f e r e n c e s  in SA of the  e x t r a c t s  of the  h o m o n y m o u s  
t i s s u e s  of  r a t s  and  r a b b i t s .  

F o r  each  e x p e r i m e n t  of s e r i e s  III the  p a r a m e t e r s  o f  t h r e e  h y s t e r e s i s  loops  a r e  g iven  in T a b l e  2. The  
f i r s t  of  t h e m  was  r e c o r d e d  a f t e r  d e p o s i t i o n  of 24 d r o p s  of e x t r a c t  of  s u r f a c t a n t ,  d i l u t ed  with  a l coho l ,  on the  un-  
d e r l a y .  C o m p r e s s i o n  and s t r e t c h i n g  of the  m o n o l a y e r  w e r e  c a r r i e d  out  a f t e r  d e p o s i t i o n  of e ach  four  d r o p s  of  

T A B L E  2. Su r f ace  A c t i v i t y  of  M o n o l a y e r s  of S u r f a c t a n t s  f r o m  V a r i o u s  O r g a n s  of  R a t s  
on an  U n d e r l a y  of  0.9% NaC1 (M �9 m) 

Tissue 

Brain 

Kidneys 

Liver 

Small intestine 

Spleen 

Pancreas 

Lungs 

Number 
of exper- 
iments 

ST, dynes/cm 

static maximal 

50,I~3,5 62,1--0,8 
23,6-----I,3 53,62---0,9 
40,0"- 0,0 61,6--0,2 
46,521,3 57,021,I 
23,4-~ I,I 51,32o-0,4 
40,6-----0,0 55,0----- 1,3 
42,8*- 1,7 55,8"~-- 1,8 
23,320,4 53,6-----0,5 
40,2+0,5 58,92---0,9 
40,4"4-1,3 48,22"-2,8 
24,1-----1,7 43,0-+3,5 
40,4-+-0,3 51,82"-4,4 
47,820,7 57,0~0,6 
23,2~0,4 49,9~I,I 
40,0~ 0,5 55,3~ 1,5 
31.2-'-1,1 47,822,6 
22,4~0,5 45.224.4 
38,8-~1,3 59,1~-2.6 
47,02---0,9 57,02---1,0 
22,5-----0,5 48,320,9 
40,2-----0,2 53,520,7 

minimal 

17,1~2,4 
7,5--0.4 

12,1--1,8 
13,02"-1,1 
10,92---3,7 
13,02"- 1,8 
18,72 1,3 
15,2+1,1 
15,62---0,4 
9,9-----2.2 
9,0-+'0,7 

16.8-----3.9 
11,8-----0,7 
13.0----- 1,5 
10,4 + 1,3 
13,3"-0,6 
12,8~2,2 
15,42+-1,5 
4,8m0,9 
3,2"-2,0 
9,5-+'2,1 

Index of Quantity of surfac. 
stability tant per gram tis- 

sue, conventional 
units 

1,1320,08 
1,5120,03 
1,34+0,08 
1,26-'-0,04 
1,31-+-0,t8 
1,24"-0,07 
1,00~0,05 
1,12"-0,05 
1,16-~-0,01 
1,332"-0,09 
1,3120,004 
1,03~0,15 
1,13~0,04 
1,18-"-0,06 
1,37~0,05 
1,13~0,004 
1,16~0,17 
1,17~0,03 
1,69-'-0,05 
1,77~0,14 
1,41+0,12 

25 5064-962 

44 56727 397 

47 01629 414 

31 7862---8 541 

45 639"~--3 464 

60 7772---4 604 

34 17422 335 
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ext rac t .  The second loop was r e c o r d e d  a f te r  the stat ic ST had been adjusted to the lowest  poss ib le  value, and 
the third on es tab l i shment  of the initial ST, roughly equal to 40 d y n e s / c m .  The f i r s t  fact  that will be noted is 
that in all th ree  cases  the index of s tabi l i ty  of the monolayers  of lung sur fac tan t s  were  cons iderab ly  higher than 
those for sur fac tan t s  of other  organs .  Meanwhile, as r e g a r d s  thei r  s tat ic  ST and quantity of surfactant ,  the 
lungs were  comparab le  to the other  organs .  

These  r e s u l t s  a re  of g rea t  impor tance .  F i r s t ,  they demons t ra te  conclusively that, con t r a ry  to the views 
of some worke r s  [5, 7], ex t rac t s  of the brain,  kidneys, smal l  intestine,  and spleen of r a t s  and pancreas  of r a b -  
bits  can reduce  ST during compres s ion  of the sur face  monolayer  below 12 dynes / cm.  On the other hand, they 
point to the high sur face  act ivi ty of lung sur fac tan ts ,  dist inctly higher than the SA of ex t rac t s  of other t i s sues .  
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