
t akes  place over  a wider a rea  than in the case of e ry throb las t s ,  so that the e lec t r i c  cha rge  on the membrane  
fal ls  m or e  sharply.  

The change in the surface  charge of the prol i fera t ing cel ls  of the e ry thron  after  the action of the chalone 
is evidently a special  kind of signal leading to subsequent in t race l lu lar  changes in ionic composit ion and in 
nucleic  acid synthesis ,  and ul t imately to the delay of mi tos is  in the e ry th ro id  se r i es ,  as was observed in the 
exper iments  now descr ibed .  

1 .  
2. 

L I T E R A T U R E  C I T E D  

S. S. Dukhin and B. V. Deryagin,  E lec t rophores i s  [in Russian] ,  Moscow (1976). 
H. R. Maurer ,  D i sk -E lec t rophores i s  and Related Techniques of Polyacry lamide  Gel E lec t rophores i s ,  
De Gruyter ,  New York (1971) [Russian translat ion:  Moscow (1971)]. 

3. E . N .  Mosyagina, N. A. Fedorov,  V. I. Gudim, e t  al,, in: Normal  Hematopoeis is  and Its Regulation (edited 
by N. A. Fedorov) [in Russian],  Moscow (1976), p. 341. 

4. G .V.  Neustroev,  Probl .  Gematol . ,  No. 10, 40 (1976). 
5. G .V.  Neustroev,  Byull. Eksp. Biol. Med., No. 3, 337 (1977). 
6. J: R. Durocher ,  R. C. Payne, and M. E. Conrad, Blood, 45, 11 (1975). 
7. L. Griffith, N. Catsimpoolas,  and H. Wort is ,  Life Sci., 16, 1693 (1975). 
8. E. Kivilaakso, Acta Physiol.  Scand., 80, 436 {1970). 
9. A . L .  Thorn ley  and E. B. Laurence ,  Dev. Biol., 51, 10 (1976). 

10. E. Kivilaakso and T. Ryt~maa, Cell Tissue  Kinet. ,  4, 1 (1971). 

S T A T E  OF  T H E  L U N G  S U R F A C T A N T  IN A N I M A L S  
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The activity of the lung surfactant  in mice,  ra t s ,  guinea pigs, hams te r s ,  rabbi ts ,  and dogs was 
found to be within normal  l imits  with variat ion of the coef f ic ien t  of stabil i ty of the air  bubbles 
between 0.84 and 0.93. Dif ferences  in the content of surfactant  in animals  of di f ferent  species  
depend on the frequency,  sever i ty ,  and cha rac t e r  of spontaneous pulmonary pathology. The data 
obtained can be used as the s tar t ing point for  the study of the surfactant  sys tem of the lungs in 
var ious exper imenta l ly  induced pathological s ta tes  of the lung t issue.  

KEY WORDS: lungs; surfactant ;  su r face-ac t ive  substance; type II pneumocytes.  

During the last  two decades the surfactant  sys tem of the lungs (SSL), which is respons ib le  for  maintaining 
the surface tension of the alveoli, has  been studied. Numerous  clinical  and exper imenta l  investigations have 
shown that in seve ra l  d i f ferent  pathological s ta tes  of the r e s p i r a t o r y  organs the act ivi ty of the lung surfactant  
is modified, with the consequent development  of a te lec tas is ,  an increase  in the permeabi l i ty  of the a i r -blood 
ba r r i e r ,  and the development of pulmonary edema [2, 3, 5, 7, 10, 11, 13, 14]. Meanwhile the state of the su r -  
factant  of the lungs under normal  conditions has been inadequately studied, although such initial data  are e s sen -  
tial for assess ing  the degree  of damage to the SSL in pathological s ta tes  of the r e s p i r a t o r y  organs. In a few 
investigations activity of the lung surfactant  under normal  conditions has been es t imated  mainly in only a single 
species  of animal, and usually only one index, which was r a r e l y  compared  with morphological  changes in the 
lungs, was taken as  the c r i t e r ion  [ 1, 3, 4, 12]. 

The object of this investigation was to make a combined study of SSL in animals  of d i f ferent  species ,  in- 
cluding the es t imat ion of sur fac tant  by a quantitative method, identification of type II pneumocytes,  which syn-  
thesize surfactant ,  and morphological  analysis  of the s t ruc tu re  of the lungs. 
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Fig.  1. Stability of a i r  bubbles sepa ra ted  f r o m  mouse  lungs. 
A) Init ial  d i ame te r  of bubbles;  B) d i ame te r  of bubbles af ter  20 min. 

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

The SSL was invest igated in an imals  of six spec ies :  noninbred mice  and r a t s ,  guinea pigs, golden h a m -  
s t e r s ,  r abb i t s ,  and dogs. At l ea s t  10 an imals  of each spec ies  were  studied. The mice ,  r a t s ,  guinea pigs, and 
h a m s t e r s  were  kil led with e ther ,  the r abb i t s  by air  embol i sm,  and the dogs by e lec t r i c  shock. The state of the 
sur fac tan t  was a s s e s s e d  by Patt ie '  s m i c r o s c o p i c  method [12], by de te rmin ing  the coefficient  of s tabi l i ty  of air  
bubbles isolated f r o m  the lungs (Fig. 1). Type II pneumocytes  were  detected by Berg '  s caf fe ine-benzpyrene  
method [6], based  on the appea rance  of secondary  f luorescence  in u l t raviole t  light. The number  of cel l  was 
counted in the ML-2A m i c r o s c o p e  (UFS-6-5 and BSF-2 en t ry  f i l te rs ,  ZhS-3 suppres s ing  fi l ter)  in 100 fields of 
vis ion in a total  a r e a  of 1.2 m m  ~, with a magnif icat ion of: ocular  5, objective 65 (water immers ion) .  The 
morphologica l  study of the lungs was c a r r i e d  out on paraff in  sect ions  stained with hematoxyl in-eos in .  The r e -  
sults  were  subjected to s ta t i s t i ca l  analys is .  

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

In mice ,  r a t s ,  guinea pigs, h a m s t e r s ,  rabbi t s ,  and dogs the coeff icient  of s tabi l i ty  ef  a i r  bubbles  s e p a r a t -  
ed f rom the lungs was shown to vary  f r o m  0.84 to 0.93 (Table 1). The highest  sur fac tan t  act ivi ty was found 
in mice ,  in which the coeff icient  of s tabi l i ty  was close to unity (0.93). Rats ,  guinea pigs, rabbi t s ,  h a m s t e r s ,  
and dogs have r e l a t ive ly  low sur fac tan t  act ivi ty.  Invest igat ion of the type II pneumocytes  in u l t ravio le t  light 
showed that the number  of these ce l l s  was approx imate ly  the same in mice ,  r a t s ,  guinea pigs, and rabbi t s ,  and 
it va r ied  between 474 and 502 in 1.2 m m  2 (Table 1). Meanwhile,  the number  of type II pneumocytes  in these 
an imals  di f fered significantly f r o m  the number  of pneumocytes  in the dogs and h a m s t e r s  (Table 1). In dogs, 
for  instance,  their  number  was only one-quar t e r  of that found in h a m s t e r s  and one- th i rd  of that in the other 
spec ies  of animals .  Converse ly ,  in h a m s t e r s  the number  of pneumocytes  was 1.5 t imes  g rea te r  than in the 
other rodents .  

In all  the an imals  type II pneumocytes  were  located in the a lveolar  septa  as sepa ra t e  cel ls ,  mainly  oval 
in shape with an eccen t r i c  nucleus.  Numerous  la rge  granules ,  giving whitish blue luminescence,  were  p resen t  
in the cytoplasm,  which occupied a large par t  of the cel l  (Fig. 2). Some pneumocytes  containing smal l  granules  
of yellow fat  in their  cy toplasm were  observed.  The accumulat ion of granules  of this type also was found ex-  
t r ace l lu l a r ly  in the a lveolar  septa.  
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TABLE 1. Some Indices of the State of the Surfactant System and Their  Corre la t ionwith  
Lung Pathology (M ~: m) 

N_o 

1 

2 

Species of 
animal 

MO use 

Rat 

Guinea pig 

Rabbit 

Hamster 
Dog 

Number .of 
animals 

10 

I2 

Coefficient . . . . . .  INumber of type 
of stability bl mncanceoi ,.g~ 1II pneumo- Significance of 
of air aluerences cytes per area differeaees 
bubles of 1.2 mmZ 

0,93~9,01 

0,86+3,02 

Pl-2 
Pi-3<0,002 

P,-4 >0,05 

Pl-~ <0,01 

IO 

1o 

1o 
1o 

494,9__+51,6 

491.5+24,5 

502,6-f-30,4 

474.5+30,1 

754,5___32,9 
114,3+17,6 

0,84• 

0,85• 

0,88__+3,01 
0,87___9,02 

} <o00, 
00, 

P3-5 
P s - 6 J  <0.001 
P4-5 / ~0,001 
P4-6J 
P5-6 ~0,001 

I 
Number of 
animals with 
lung patho- 
logy 

0 

10 

Fig. 2. Luminescent  type II pneumocytes in lungs of rabbit  (A), dog (B), 
mouse (C), hams te r  (D), and ra t  (E). Stained with 3,4-benzpyrene by Berg ~ s 
method. Ocular homal, 3•  objective 65 •  water immers ion .  

In all species of animals except mice,  signs of acute or chronic inflammation were discovered in the 
lungs. Usually they were found as small  or large foei of atelectasis ,  thickening of the alveolar septa, de- 
squamation of the alveolar epithelium, focal paeumose le ros i s ,  and foci of acute and chronic broachopnetunonia 
These changes were seen mos t  often in rabbits,  guinea pigs, and ra t s  and less frequently in hams te r s  and dogs 
(Table 1). 

Investigation of the lung surfactant  in mice,  ra ts ,  guinea pigs, rabbits ,  hams te r s ,  and dogs thus showed 
that its activity in the animals of these species was within normal  limits, cor responding  to a coefficient of 
stability of 0.85-1, according to data in the l i terature [3].  Meanwhile, in some species  of animals its content 
is different. There  are indications in the l i terature that differences may exist  in the SSL between animals of 
different species,  although the reasons  for these differences are not explained. For  instance, Braeeo and 
Curti  [9] showed that the phospholipid fract ion of the surfactant  in rabbits  accounts for 94.270 of the total lipid 
content, whereas  in dogs and cows it accounts for 74% and in guinea pigs for 6170. 

The study of activity of the lung surfactant  by determining the coefficient of stability of air bubbles, 
combined with counting the number of type II pneumocytes which synthesize surfactant  and with investigation of 
morphological  changes in the lungs, showed that the differences in the surfaetant  content in animals of different 
species  evidently depend on the frequency, severi ty,  and charac te r  of the spontaneous pulmonary pathology. 
According to the resu l t s  of morphological  investigations, pathological changes were mos t  frequently found in 
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the lungs of r a t s ,  guinea pigs, and rabbi t s ,  and it was in these spec ies  of an imals  that the act ivi ty of the pul- 
m o n a r y  sur fac tan t  was lowest.  In mice ,  with no signs of lung pathology, the sur fac tan t  content was highest  
(Table I). 

No correlation could be found between the coefficient of stability of air bubbles isolated from 
the lungs and the number of type II pneumocytes. 

The fact that the lungs of dogs contain only one-third to one-quarter the number of type II pneumocytes 
found in animals of other species must evidently be regarded as a species-specific difference. This is con- 
firmed by an investigation by Shishkin [8], who found a decrease in the number of large type II alveolar cells 
during the transition from rodents to carnivores. An increase in the number of type II pneumocytes in ham- 
sters compared with other species of animals could perhaps be compensatory and connected with their mass 
death. This is confirmed by the presence of large numbers of type II pneumoeytes with signs of fatty degener- 
ation and of destruction of the cells in the lungs of the hamsters. 
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