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Data in the l i terature  [4, 6, 11] are evidence that starvation can cause a decrease in lung surfactant 
activity. However, they do not give the final answer to the question of the functional integrity of the surfactant 
system during starvation or  of the possibility of its restoration.  

The object of this investigation was to study the state of the lung surfactant system by a combination of 
physical and morphological methods in rats  after starvation, to determine the possibility of its restorat ion,  
and to attempt to accelerate this process by means of vitamin A, which has the property of stimulating matara-  
tion of the surfaetunt system [91. 

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

Experiments were car r ied  out on 76 noninbred male albino rats weighing 190-230 g. Of these animals 
51 were completely deprived of food for 4-5 days,but allowed free access to water. At that stage 21 rats  
(series I) were killed by cutting the throat. Nine animals (series II) were killed in the same way two weeks 
later ,  and another 10 rats  (series III) four weeks after  resumption of normal feeding. The remaining 11 starved 
animals (series IV) were given additional vitamin A (0.02 ml of a 3.44% oily solution of retinol acetate, lI)0,000 
i.u./ml) by mouth daily; 25 intact ra ts  served as the control (series V). 

The lung index was calculated: 

LI-weight  of lungs x 100 
weight of rat 

To character ize  the surfactant system the following were investigated; 1) the surface tension (ST) of lung 
washings and extracts on surface scales [2]; 2) the coefficient of stability (CS) of bubbles expressed from 
pieces of the lungs [1, 3]; 3) luminescence in UV light of cryostat  sections of the lungs stained with rhodamine 
6G [1, 7]; 4) the number of birefringent s t ructures  in frozen unstained sections of fixed lungs [8, 10]. 

Alveolar washings were obtained by repeated injection of 7-8 ml physiological saline from the syringe 
into the trachea, followed by its aspiration until enough had been collected to fill the cuvette of the surface 
scales (100 ml). An extract  was prepared from the washed, homogenized lungs (1 g tissue to 100 ml physio- 
logical saline). Minimal and maximal values of ST were determined and the stability index (SI) calculated 
by the formula: 

STma x - STmin 
s i  =2 S--Vf m x 

The state of ST of the extract  is an over-a l l  index of surfactant activity of the lung tissues; ST of the washings, 
CS of the bubbles, and luminescence microscopy mainly character ize  the state of the alveolar lining. By p o :  
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Fig. 1. 

Fig. 2. 

Fig. 1 Fig. 2 

Luminescence  mic roscopy  of the lungs: a) Normal;  b) af ter  s tarvation.  Stained 
with rhodamine 6G, 80 • 

Polar iza t ion  mic roscopy  of the tungs: a) Normal ,  b) a f te r  s tarvat ion,  100• 

la r iza t ion  mic roscopy  surfactant  can be detected in granular  pneumocytes,  where it  is formed.  This  re la t ively  
s imple but ve ry  iniormative method of studying surfactant  has been used only infrequently [4, 8, 10]. It has 
not been descr ibed  in the Soviet l i t e ra tu re .  To detect  b i refr ingent  phospholipids the lungs were  fixed for  24 h 
at room t empe ra tu r e  in f o r m o l - e a l c i u m  solution, pH 7.2. F rozen  sect ions 25-30 ~ thick were  mounted un-  
stained in gum arabic  and examined in po lar ized  light. F o r  this purpose,  a sys tem of  po l a r i ze r  and analyzer  
was int roduced into an ord inary  mic roscope  with a constant  source  of light. F o r  quantitative est imat ion of 
the various t es t  s t ruc tu res ,  10 lung sect ions f rom animals  of each se r i e s  were  analyzed at 520 nm in a cy to-  
spec t rophotometer  based on the FI~U-31 ins t rument .  In each section 10 fields of the same,  empir ica l ly  chosen, 
a rea  were  examined photometr ica l ly  and the resu l t s  exp re s sed  in re la t ive  units (based on readings of the 
ins tnnnent ) .  

EXPERIMENTAL RESULTS 

Afte r  s tarvat ion for  4-5 days the weight of the ra t s  dec reased  by 40-50 g. Animals  which died were  
d iscarded f rom the exper iment .  The lungs of the s ta rved  r a t s  appeared r a t h e r  denser  and pinker  than those 
of  the intact  animals ,  but the small  inc rease  in LI was not significant. Near ly  all p a r ame te r s  of the washings 
and ex t rac t s  of  the lungs f rom the s tarved animals of  s e r i e s  I were  significantly higher  than in intact  ra t s ,  
and SI of both subs t ra tes  was significantly reduced  (Table 1). CS of the lung bubbles also was significantly 
reduced  (0.88 �9 0.01 and 0.92 �9 0.01, respect ively:  P < 0.05) evidence of  an increased  tendency of the alveoli  
to collapse in expirat ion.  Investigation of  lung sect ions f rom the s ta rved  animals of s e r i e s  I in UV light r e -  
vealed a considerable  dec rease  in the number  of luminescent  alveoli  with the appearance of c l ea r  gold-orange 
r ings;  they became thin and discontinuous (Fig. 1). On polar izat ion mic roscopy  the a lveolar  septa of the lungs 
of the control  animals consis ted mainly  of a reas  with many large ,  intensively b i ref r ingent  s t ruc tu res  of phos-  
pholipid granules  (Fig. 2a). In the s tarved ra t s  of  s e r i e s  [ , the number  and s ize  of the b i ref r ingent  granules  
were  considerably reduced  (Fig. 2b), and this was re l iably  conf i rmed by photometry.  

Two weeks af ter  resumption of normal  feeding (ser ies  ID the ove r -a l l  indices of  the s ta te  of the s u r -  
factant  sys tem (ST and SI of the extracts)  were  prac t ica l ly  indistinguishable f rom those of intact animals  and, 
on the contrary, they showed much higher activity than in the starved rats in the experiments of series I 
(Table I). Meanwhile,the surface activity (SA) of the washings, which was the same as after starvation, was 
significantly below normal. The intensity of birefringence also was significantly lower than in the healthy 
animals. 

760 



TA
BL

E 
i.

 
Ch

an
ge

s 
in

 S
ur

fa
ce

 
Te

ns
io

n 
In

di
ce

s 
of

 W
as

hi
ng

s 
an

d 
Ex

tr
ac

ts
 
an

d 
Po

la
ri

za
ti

on
 
Mi

cr
os

co
py

 
of

 L
un

gs
 
of

 
An

im
al

s 
af

te
r 

St
ar

va
ti

on
 
an

d 
Re

co
ve

ry
 

af
te

r 
Fe

ed
in

g 
(M

 •
 m

) 

Se
ri

es
 o

f 
ex

pe
ri

m
en

ts
 

I.
 S

ta
rv

at
io

n 
PI

,V
 

II
. 

S
ta

rv
at

io
n 

pl
us

 f
ee

di
ng

 f
or

 2
 w

ee
k'

. 
PI

I,
V

 
P

n,
I 

II
I.

 S
ta

rv
at

io
np

ln
s 

fe
ed

in
g 

fo
r 4

 w
ee

ks
 

P
II

I,
v 

PI
II
,I
 

IV
. S

ta
rv

at
io

n 
pl

us
 f

ee
di

ng
 f

or
 2

 w
ee

k!
 

pl
us

 a
dd

it
io

n 
of

 v
it

am
in

 A
 

PI
V

,V
 

P
IV

,I
I 

V
. C

on
tr

ol
 (

in
ta

ct
 r

at
s)

 

N
um

be
r 

of
 r

at
s 

L
I 

st
at

ic
 

W
 

E
 

10
 

0,
65

5=
0,

04
1 4

8,9
5=

0,6
8<

0,0
2 3

7'
14

-1
'4

4 

6 
0,

64
4-

0,
04

1 5
0,0

+0
,78

<0
,01

 3
4,

24
-0

,9
7 

7 
0,

61
4-

0,
04

1 4
8,2

+0
,51

<0
,05

 3
5,

34
-0

,7
3 

8 
0,

59
4-

0,
03

] 4
6,

84
-0

,5
4 

<0
,0

1 
10

 
0,

59
+0

,0
2i

 
46

,7
-4

-0
,4

81
 

ST
, 

dy
ne

s/
cm

 
m
a
x
i
m
a
l
 

56
,6

4-
0,

52
 

<
0,

02
 

56
,7

5=
0,

27
 

<
0,

00
1 

55
,3

5=
0,

44
 

32
,6

4-
0,

33
 

54
,0

:5
=0

,4
5 

<
0,

02
 

<
0,

02
 

34
,9

::t
=0

,7
6 

54
,2

5=
0,

63
 

W
 

E
 

46
,2

4-
1,

12
[ 

<
0.

05
 

I 
44

,9
5=

0,
90

1 

m
in

im
al

 
I 

W
 

[ 
E

 
W

 
I 

43
,9

-+
-0

,8
5[

 21
,8

+0
,6

41
 1

5,
34

-1
,1

,5
 0

,8
84

-0
,0

2 
<0

.0
01

 
I 

<0
,0

01
 

<
0,

00
1 

20
,7

5:
0,

39
1 

11
,6

4-
0,

95
 0

,9
34

-0
,0

2 
<o

.o
ol

 
I 

<
0,

01
 

<
0,

01
 

9,
64

-0
,6

2 
]1

0,
84

-0
,6

2 
0,

96
4-

0,
02

 
<

0.
05

 
I 

<
0,

01
 

42
,4_

__
+0

,83
] 1

8,
3-

4-
0,

19
1 

10
,2

4-
0,

6c
~ 

0,
99

6:
:0

,0
1 

<
0.

01
 

t 
<

0,
02

 
43

,0
::k

0,
63

1 
18

,1
.5

:0
,3

11
 1

0,
55

=0
,4

 c 
1,

0•
 

SI
 

Ia
te

ns
it

y 
of

 
bi

re
fr

in
g-

 
E

 
en

ce
 

1,
02

4-
0,

04
1 

22
,0

4-
1,

!0
 

<0
,0

01
 

I 
<0

,0
01

 
1,

18
• 

37
,4

4-
1,

28
 

<0
,0

1 
<

0,
02

 
I 

<0
,0

01
 

[,
21

+0
,0

3 
] 4

1,
5-

4-
1,

32
 

<O
.O

l 
1 

<0
,0

01
 

1,
23

• 
43

,6
4-

1,
35

 

<0
,0

01
 

1,
22

+0
,0

4]
 

42
,7

4-
1,

43
 

L
eg

en
d

. 
L

u
n

g
s 

o
f 

35
 r

at
s 

d
at

a 
fo

r 
w

h
ic

h
 

ar
e 

n
o

t 
in

cl
u

d
ed

 
in

 t
h

e 
T

ab
le

, 
w

er
e 

u
se

d
 

fo
r 

d
et

er
m

in
at

io
n

 
o

f 
C

S
 

an
d

 f
o

r 

m
o

rp
h

o
lo

g
ic

al
 

in
v

es
ti

g
at

io
n

. 
W

) 
W

as
h

in
g

s,
 

E
) 

ex
tr

ac
t.

 

.-q
 



In the animals of series III, 4 weeks after the beginning of feeding all the main parameters of SA of the 
extracts and all the quantitative results of polarization microscopy were significantly higher than their values 
in the starved rats and were indistinguishable from normal (Table 1). 

In animals which were fed for only two weeks, but which received vitamin A at the same time (series IV) 
the indices of SA of both the washings and extracts and also the intensity of birefringence were indistinguish- 
able from normal (series V), and ST was in fact statistically significantly reduced (Table 1). Evidence of the 
more active recovery process of the surfactant system in animals receiving vitamin A is given by the signifi- 
cantly higher levels of SA of the washings and the higher intensity of birefringence compared with animals of 
series II, and also by the distinct tendency for these indices to increase, which was noted during investigation 
of the extracts, 

These experiments thus confirmed the conclusions that during starvation the total content of surfactant 
in the lungs falls [5, 6], and that the cellular part of the surfactant system [4, 6] and the alveolar lining [6] 
are exhausted. The decrease in CS of the lung bubbles after starvation is in agreement with data showing that 
under these conditions the antiatelectatic function of the surfactant system is depressed and the P / v  hysteresis 
loop is altered [4, 5], although this was not found by other workers [6, 11, 12]. PA of the tissue surfactant of 
the extract was almost completely restored two weeks after resumption of normal feeding, despite the fact 
that its content in the cells was below normal. By the fourth week the tissue reserves of surfactant were in- 
distinguiskable from their original levels. Restoration of SA of the alveolar lining took place more slowly. 
A large dose of vitamin A considerably accelerated the normalization of the surfactant system during feeding. 
This fact may be of practical interest to the clinician. 
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