
COMPARISON OF PHYSICAL METHODS OF 

OF THE LUNG SURFACTANT SYSTEM 

DURING EXPOSURE TO ACUTE HYPOXIA 

I N V E S T I G A T I O N  

G. V. B e l o v ,  A. A. A r b u z o v ,  
a n d  V. T. D a v y d o v  

UDC 616.24-008.922.1-008. 
64-036.11-092.9-07 

KEY WORDS: surfaetant  system of She lungs; surface activity; methods of investigation; 
acute hypoxia.  

The basic physical methods of investigating the lung surfactant system (LSS) were  suggested by Pattie 
in 1955 [10] and later  by Clements in 1957 [9], but until now different worke r s  have used different  subst ra tes  
for this purpose,  and this makes compar ison of the resul ts  diff icul t .  Some worke r s  [5] use mainly lung ex- 
tract ,  o thers  [11] p re fe r  bronchoalveolar  washings (BAWL a third group [7] studies the ex t race l lu la r  compo- 
nent of LSS in BAW, and de termines  the combined proper t i es  of the cel lular  and ex t race l iu la r  components of 
LSS in lung extract ,  and a fourth group [6] also study the ext racel lu lar  component in washings and the cel lular  
component in lung extract  after BAW. There is no general  agreement  on the best  concentrat ion of the extract .  
A 0.1% extrac t  [4], a 1% extract  [7], and more  concentrated,  purified solutions [5] have been used. There are  
modifications [8] of Clements '  original method of investigation of LSS and of in terpreta t ion of the hys t e r e s i s  
loop of the surfaetant  [12]. 

In the present  investigation an attempt was made to compare investigation of LSS by different  methods 
and in different substrates.  The action of acute hypoxia, which leads to a dec rease  in LSS activi ty [4, 7] was 
studied. 

E X P E R I M E N T A L  

Experiments  were car r ied  out on 32 noninbred albino ra ts  weighing 180-250 g ( reared  in Frunze,  altitude 
720 m above sea level). The remaining 24 ra t s  were "lifted" in a p r e s s u r e  chamber  to an "altitude of 6000 m 
for  6 h and then decapitated in groups of six animals.  Rats of group 2 were killed immediately  after  descent, 
animals of groups 3, 4, and 5 were killed on the 1st, 3rd, and 5th days respect ive ly  af ter  exposure in the p r e s -  
sure chamber.  BAW were prepared  from the left lung in the proport ion of 100 ml  physiological  saline to 1 g 
of lung tissue. An extract  af ter  washing (EAW) was then prepared  f rom the same lung. The lung was homo- 
genized and the suspension centrifuged and diluted with physiological saline at the ra te  of 100 ml to 1 g of 
original mass .  A 1% lung ext rac t  (LE) was then prepared  from the unwashed three lobes of the r ight lung by 
the same method. To obtain a 0.1% LE, 10 ml of 1% LE was treated with 90 ml of physiological  saline. The 
brightness of luminescence (BL) of the lipid lining of the alveoi[ was determined in f rozen  sect ions of the 
apical lobe of the right lung by the method in [2]. Air bubbles were obtained f rom the same lobe by Pa t t l e ' s  
method and studied by means of the apparatus described in [1]. To determine surfactant  activity of the wash- 
[ngs monolayer  (WM) by the method in [8], 1 ml of BAW was mixed with 2 ml of isopropyl  alcohol and the mix- 
ture layered in drops weighing 0.01 g on the surface of physiological saline in a cuvette with an area  of 10-2m 2, 
lowering the surface tension (ST) of the subphase to 40 mN/m.  ST was measured  on an automatic balance of 
the wr i t e r s '  own design, which IS an improved version of the balance in [3], pr int ing out the resu l t s  on an au- 
tomatic N-306 xy printer .  Static (STstat), minimal (STmin) , and maximal (STma x) va lues  of ST were recorded  
and used to calculate a stability index (SI) by the method in [9]. The shape index of the hys t e r e s i s  loop p was 
calculated f rom graphs of surface activity of the washings and ext rac ts  by the method in [12], using the equation: 

k 1 
p =  ~ -  ~ (1.0--~ compression /~ expansion. 

Surface activity of the lung surfactant was judged by the value of the p a r a m e t e r s  STrain, SI, and the in- 
dex  p. To est imate surface activity of WM, the number of drops necessa ry  to reduce ST of the subphase to an 

Department of Pathological Anatomy, Kirghiz Medical Institute, Frunze.  (Presented  by Academician of 
the Academy of Medical Sciences of the USSR A, P. Avtsyn.) Translated f rom Byulleten '  l~ksperimental 'noi Bi-  
ologii i Medsitny, Vol. 99, No. 5, pp. 542-545, May, 1985. Original ar t icle  submitted August 8, 1984. 

564 0007-4888/85/9905-0564 $ 09.50 �9 1985 Plenum Publishing Corpora t ion  



T
A

B
L

E
 

1.
 

P
a

ra
m

e
te

rs
 

o
f 

S
u

rf
a

c
e

 
A

c
ti

v
it

y
 

o
f 

L
S

S
 d

u
ri

n
g

 
E

x
p

o
su

re
 

to
 A

c
u

te
 H

y
p

o
x

ia
 

(M
 ~

 
m

) 

r 
N

um
be

r 
K

C
 

B
L 

W
M

 
o

fd
m

p
s 

E
A

W
 

i 
%

 L
E

 
%

L
E

 
B

A
W

 
W

M
 

EA
W

 
I%

 L
E

 
0,

1%
L

E
 

B
A

W
 

EA
W

 

0,
92

• 
C

on
tr

ol
 

In
 p

re
ss

ur
e 

ch
am

b
er

 f
or

 
6

h
 

D
is

ad
ap

ta
- 

, 
ti

on
, 

da
ys

 
i -

 S
'[ 

3-
rd

 

5 
th

 

16
,2

• 
0,

81
 

19
,2

• 

3,
0~

-+
 l,

S
j 

20
,8

-+
0,

51
 

8,
8~

• 
|,0

1 
21

,2
~+

0,
91

 

9,
2"

•1
77

 

17
,2

--
0,

8t
 

21
,2

-+
2,

oi
 

41
,6

~3
,2

 

69
,3

"•
 

10
6,

8*
• 

7L
 ,2

'--
+

5,
7 

51
,2

• 
[ 

22
,5

~
0,

7 

!6
,3

"•
 

I 

22
,2

~
0,

6:
 

!0
,4

"~
+0

,6
 

23
,0

• 

19
,4

-+
1,

3 
21

,2
~

0,
5 

0,
95

_-
-_

0,
04

 

4
,7

"•
 

25
,0

"~
0,

8 
0,

77
*-

+
0,

03
 

2!
,3

-+
0,

3]
 

23
,2

• 
0,

88
--

_+
0,

02
 

2|
,8

~I
,0

1 
22

,0
~l

,2
j 

0,
87

---
-_

0,
03

 

2[
,7

-+
1,

4{
 2

2,
6~

I.
7[

 
0.

93
• 

".
0,

84
~0

,0
3 

0,
78

~+
0,

03
 

),
75

"•
 

0,
85

• 

0,
82

-+
0,

04
 

0,
71

--
+0

,0
3 

0,
63

.•
 

0
,7

5
• 

53
 

0,
76

~+
0,

93
 

0 
68

+_
0 

02
 

0,
81

~
0,

05
 

},
64

"~
0,

02
 

i 

0.
80

__
+0

,0
1 

] 

0,
75

~0
,0

6 
J 

0,
81

~0
,0

5 
I 

0,
73

--+
0,

02
 

,6
4

"•
 

0,
75

~+
0,

04
 

0,
73

• 

0,
75

• 

0,
21

~+
0,

01
 

),
 1

6"
~

0,
0 ~

, 

0,
~3

--.
+0

,9
1 

0,
20

--
+0

,0
1 

0,
20

~
0,

01
 

L
e

g
e

n
d

. 
*

P
 

<
 

0
.0

5
 

c
o

m
p

a
re

d
 

w
it

h
 c

o
n

tr
o

l.
 

0,
 I

I-
-0

,0
! 

O
, 1

3•
 

9,
13

_+
0,

01
 

~,
15

"•
 

O,
t2
~O
,O
l 

0,
8~

, •
 

9,
84

-+
0,

93
 

0,
94

• 

0,
96

+~
0,

02
 

16
,1

~
0,

8 

8,
6*

• 

9,
~

*•
 

I0
,7

"~
0

,8
 

i 5
,4

• 
t,

 I
 

r r 



drops 

I ,L 1 - \  ', / /  + ofoSo) 

;--. .  

Fig. 1. Scheme of cor re la t ions  between pa rame te r s  of surface activity of var ious subst ra tes  
and values of STmi n of washings and BL of lipid lining of alveoli. Double line - strong co r r e l -  
ation, single l i n e -  moderate ly  strong correlat ion,  broken l i n e - w e a k  correlat ion.  

assigned level also was taken into account. High values of SI and p and low STrain are  evidence of high sur-  
face activity of LSS. The pa rame te r s  of STmax and STstat are less informative as measu re s  of surface 
activity. 

EXPERIMENTAL R E S U L T S  

P a r a m e t e r s  of surface activity in different substra tes  f rom control  animals differed. Surface activity 
was highest in BAW, ra ther  lower in WM, and lowest of all in EAW. The ratio between SI in these subst ra tes  
was 1.00:0.85:0.75, and the ratio between STmi n was 0.72:0.85:1,00, respect ively .  Values of SI of the 1% LE 
were about 1.1 t imes higher than for the 0.1% LE, whereas  values  of STrain were 1.1 t imes lower (difference 
not significant; P > 0.05). 

The shape of the hys t e r e s i s  loop also depended on the substrate and its concentration. A wide hys te r -  
es is  loop is charac te r i s t i c  of BAW (p= 0.21+0.02). A nar rower  loop is given by W1VI (D=0.14=~0.01). The na t -  
fewest  hys te res i s  loop is found in EAW (p= 0.11• The hys te res i s  loop is significantly na r rower  in 0.1% 
LE than in 1% LE (p= 0.11=~0.01 and 0.15=~0.01 respectively;  P < 0.02). The lipid lining is uniform in thick- 
ness over  the whole pe r ime te r  of the a[veoli and gives bright luminescence af ter  staining with Rhodamine 6G. 

Exposure to acute hypoxia in a p r e s su re  chamber  for 6 h led to a marked decrease  in surface activity 
of all the subst ra tes  tested and also to a sharp reduction in BL of the lipid lining of the alveoli (Table 1). How- 
ever,  the degree of the change differed in different substrates .  The decrease  in all the pa ramete r s ,  including 
the index p, was most  marked in BAW. In other  subst ra tes  changes in the p a r a m e t e r s  of the surface activity 
were less marked,  and the index p in general  was unchanged. A significant increase was observed in the num- 
ber  of drops in WM required to reduce ST of the subphase to 40 raN/m, but changes in SI and STrain were not 
significant. The decrease  in the contract ion coefficient (CC) of the air  bubbles was not s tat is t ical ly significant 
(P > 0.05). This indicates that Pa t t l e ' s  method of determining surface activity of LSS is less  sensitive than 
the method using a balance of Wilhelmy type. 

The period of disadaptation after  exposure of the animals in a p r e s su re  chamber  was charac te r i zed  by 
normalizat ion of surface activity of the ex t rac t s  and washings, and a~so of BL of the lipid lining of the aiveoli. 
Times of normalizat ion of the p a r a m e t e r s  of surface activity differed in different substrates .  STrain of BAW 
was back to normal  on the 5th day of disadaptation, but on the 1st and 3rd days the values differed significantly 
f rom the control. The stability index of BAW and the index p regained their  original levels on the ve ry  f i r s t  
day. The number of drops in WIVI required to reduce ST of the subphase to the assigned level differed signifi- 
cantly f rom the original  value on the 1st and 3rd days of disadaptation, and this p a r a m e t e r  re turned to normal  
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on the 5th day. Surface activity of EAW was back to normal on the 1st day, and on the 3rd day it was actually 
higher than the control. Evidence of this is given by changes in the value of STrain and the index p. This trend 
ref lects  the accumulation of intracel lular  surfactant.  SI of 1% LE and 0.1% LE was res to red  on the 1st day of 
disadaptation. This can be explained, in our view, on the grounds that surface activity of the lung extract  is 
due to the sum of the cellular  and ext racel lu lar  components of LSS. The changes in these components do not 
coincide in time, and on the 3rd day they are actually opposite. The value of BL of the lipid lining of the al- 
veoli was significantly below the control level on the 1st and 3rd days of disadaptation, and on the 5th day BL 
regained its original  value. 

To a s ses s  corre la t ion  between the p a r a m e t e r s  of surface activity of the various substrates ,  values of 
STmi n of BAW and BL of the lipid lining of the alveoli, which possess  the la rges t  number of strong and mod- 
e ra te ly  strong cor re la t ions  (Fig. 1), were chosen as initial data. Strong corre la t ion between STrain and SI of 
BAW, 1~ LE, and 0.1% LE, and also between BL of the lipid lining and CC of the air  bubbles is due, in our 
opinion, to predominance of the extracelIular  component of LSS in these substrates .  A certain quantity of cell-  
ular  surfaetant is present  only in 1% LE and 0.1% LE. Strong corre la t ions  of the index p of BAW and moder-  
ately strong cor re la t ions  of p of EAW and values of STrain of BAW and BL are evidence that this index can be 
used as a secondary pa rame te r  to a s ses s  the surface activity of LSS. Moderately strong or  weak corre la t ion  
between p a r a m e t e r s  of surface activity of BAW and WM is probably due to qualitative differences in their  
s t ructure .  The most  likely candidates are changes in the physicochemical  proper t ies  of the surfactant in WM. 
Weak or  modera te ly  strong corre la t ion  between pa ramete r s  of BAW and EAW can be explained on the grounds 
that the surface activity of these subst ra tes  is due to different components of LSS: extracel lu lar  and intra- 
cel lular  respect ively.  Shifts of surface activity of LSS are adequately reflected in both 1% and 0.1% LE. This 
conf i rms  the view [4] that 0.1% LE can be used if the volume of substrate is limited. 

The value of p a r a m e t e r s  of surface activity of LSS under both normal and pathological conditions thus 
depends on the substrate  and its concentration. To compare the surface activity of different subst ra tes  it is 
~herefore neces sa ry  to use correc t ing  fac tors  (the ratio of SI in BAW, WM, and EAW is 1.00:0.85:0.75, andthe 
ratio of STrain in them is 0.72:0.85:1.00, respec t ive ly ; the  ratio of SI of 1% LE and 0.1~ LE is 1.1:1.0, where-  
as that of STrain between them is 0.9:1.0). 

Acute hypoxia in a p re s su re  chamber  causes  a marked decrease  in LSS activity. The recovery  t imes  of 
the p a r a m e t e r s  of surface activity during disadaptation differ for different substrates .  P a r a m e t e r s  due to the 
presence  of cel lular  surfactant  (EAW, 1% LE, 0.1% LE) in the substrate re turn to normal first .  P a r a m e t e r s  
reflecting changes mainly of extracel lu lar  surfactant  in the substrate re turn to normal  later.  

To a s ses s  the surface activity of LSS it is permiss ib le  to use any of the subst ra tes  studied, depending on 
the possibi l i ty of obtaining mater ia l .  Cellular and extracel lular  components of LSS should be studied separ-  
ately in experiments ,  using BAW and EAW. For  clinical purposes,  the use of BAW or  WZ4 is indicated. In the 
lat ter  case the volume of substrate can be as little as 2-5 ml. During investigation of surface activity in lung 
biopsy mater ia l ,  it is bet ter  to use 0.1% LE. Pa t t t e ' s  method should be used only if a balance of Wilhelmy 
type is not available. Morphological confirmation of changes in LSS is best  obtained by quantitative investiga- 
tion of BL of the lipid lining of the alveoli in sections stained with Rhodamine 6G. 
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