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Five fract ions were isolated by cell e lec t rophores is  in a Ficoll  density gradient f rom the bone 
mar row of mice receiving physiological saline (control) and ery throcyt ic  chalone (experiment). 
The absolute and relat ive distribution of the cells in the control  and experimental  f ract ions dif- 
fered:  the maximal  number of ceils  in the control  (up to 78%) was found in f ract ions 3-5 and the 
minima[ (up to 22%) in f ract ions  1-2. A redis tr ibut ion of the cellular  mate r ia l  in all the f r ac -  
tions took place 25 rain after t rea tment  with e ry throcyt ic  chaIone. The number of cells in f r ac -  
tion 1 was par t icular ly  increased (by 2.6 times). Analysis of the "myelograms"  of f i lms f rom 
fract ion 1 in the experimental  and control  se r ies  showed that the number of cells in f ract ion 1 
was increased on account of cells  of the erythroid  ser ies .  Among the proliferat ing cells of the 
erythron,  the greates t  decrease  in e lect rophoret ie  mobility was observed in the p roe ry th ro -  
blasts.  It is suggested that as a resu l t  of interaction between ery throcyt ic  chalone and m e m -  
brane recep to r s  of prol i ferat ing cells  of the e ry thron  their e lect r ic  charge is reduced and 
changes take place in intraeel lular  p rocesses  leading to delay in mitosis .  
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Investigations have shown that special  substances (chalones), which have a selective action on cells and 
inhibit highly important  intracel lular  p rocesses  such as DNA and RNA synthesis  and mitosis ,  can be  isolated 
f rom various t issues and organs [8, 9]. 

During interaction between the chalone and cell, one of the p r imary  p rocesses  ult imately leading to in- 
hibition of prol iferat ion is evidently a change in the surface charge of the membrane .  If this is so, after ad- 
minis t ra t ion of a chalone the electrokinet ic  proper t ies  of the cells should be modified. 

Accordingly in the present  investigation the e lect rophoret ic  mobility of bone mar row cells was studied 
after the action of e ry throcyt ic  inhibitor (chalone). 

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

The inhibitor was obtained f rom e ry th rocy tes  of noninbred albino ra t s  weighing 150-200 g (50 animals) 
by the method descr ibed in [10]. For  this purpose the e ry th rocy tes  were separated f rom contaminating leuko- 
cytes by centrifugation and washed twice with cold Hanks' solution to remove anticoagulant and plasma pro-  
teins. The e ry th rocy tes  were then treated with Hanks' solution (3:1).  The hematocr i t  index of the resul t ing 
"polycythemic" e ry throcyte  suspension was thus 75%. After incubation for 1 h at 37~ the ery throcyte  suspen- 
sion was centrifuged at 3,000 rpm for 20 min and the supernatant was collected and used as the inhibitor of 
ery thropoies is .  The supernatant contained severa l  f ract ions of proteins with an inhibitory action on e ry th ro -  
poiesis  [10]. To inactivate the thermolabile e ry throcyt ic  G i chalone the supernatant was heated to 37~ before 
use [3] .  The re la t ively  thermostable  chalone remaining  in the supernatant is destroyed only at 60~ The 
w r i t e r ' s  observat ions have shown that this type of e ry throcyt ic  inhibitor belongs to the c lass  of e ry throcyt ic  
proteins with the e lectrophoret ie  mobility of ~i-globulins in polyacrylamide gel [4] .  Fract ion A in the super-  
natant obtained after incubation of e ry throcy tes  possessed  this mobility (Fig. 1). 

To determine the quantity of inhibitor in the supernatant  the f i r s t  step was to measure  the total protein 
content spect rophotometr ica l ly  (SF-16, k = 280 nm). Bovine serum albtarAn was used as the standard. The 
supernatant  was then fract ionated by disk e lec t rophores is  in polyacrylamide gel [2].  To identify the hemo-  
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Fig. 1. Densitogram after disk-electrophoresis of "polycythemic" incubation medium. 
A) Protein fraction with electrophoretic mobility of ~1-globulins (prehemoglobin), B) hemo- 
globin, C) posthemoglobin fraction. Conditions of elect-rophoresis: gel system No. i, cur- 
rent 1-1.8 mA per tube, fractionation time 3 h at 2~ Stained with Coomassie. 

Fig. 2. Eleetrophoresis of mouse bone marrow cells in Ficoll density gradient. 1-5) Bound- 
~-~,~aries for collection of separate fractions. 

globin zones in the gel, a commercial Hb preparation (from Reanal, Hungary) also was subjected to electro- 
phoresis. The conditions of electrophoresis were described in detail previously [4]. After densitometry (the 
densitometer was from East Germany) of the gel after electrophoresis, the relative content of the proteins of 
fraction A was determined gravimetrically and, knowing the total protein content in the supernatant, the abso- 
lute quantity of inhibitor in it was calculated. The investigations showed that the quantity of inhibitor (Fig. 
1A) ia the "polycythemic" incubation medium was 2.95 mg/ml. The inhibitor was injected intraperitoneaUy 
into noninbred albino mice in a dose of 3 mg/ml, Physiological saline was injected into the control animals. 
Altogether 46 mice weighing 20-22 g were used. The inhibitory action of the erythrocytie chalone was es- 
timated 4 h after injection by determining the stahmokinetic index among the proliferating cells of the erythron 
[5]. 

Some of the animals were killed 25 and 45 min after injection of the inhibitor and physiological saline, 
their femoral bone marrow was flushed out with Eagle's medium, and the marrow was pipettedthroughneedles 
of different diameters. The resulting cell suspension was centrifuged at 1000 rpm for 15 rain, the residue was 
resuspended in 2~o Ficoll, and the homogeneous part of the suspension was collected in separate tubes. Homo- 
geneity of the suspension was verified cytologically. Electrophoresis of the cells of the resulting bone marrow 
suspension was carried out by the method of Grlffith et al. [7] in an apparatus for disk eleetrophoresis (from 
Reanal, Hungary). For this purpose the bottom of the tubes was filled with 7.5% polyacrylamide gel on which 
layers of I0, 6.25, and 2.5% Ficoll were successively added (Ficoll 400,000, Sweden). The suspension of bone 
marrow ceils from the intact or experimental mice in equal quantities (i07), diluted in 2~0 Ficol| and in 6.8~0 
sucrose, was poured above, and finally a layer of phosphate buffer, pH 7.2, was carefully poured on the top. In 
al l  c a s e s  the F i c o l l  was mixed with app rop r i a t e  amounts of suc rose  [7] .  Suspensions  f rom e x p e r i m e n t a l  and 
cont ro l  an imals  were  subjec ted  to e l e c t r o p h o r e s i s  s imul taneous ly .  The condit ions of f r ac t iona t ion  were :  c u r -  
r en t  1 mA per  tube, voltage 8 V appl ied to the tube, dura t ion  of f rac t iona t ion  1 h. Dur ing e l e e t r o p h o r e s i s  the 
suspens ion  of bone m a r r o w  ce l l s  of the cont ro l  and e x p e r i m e n t a l  mice  was s e p a r a t e d  into a number  of f r ac t ions  
(Fig.  2). F r a c t i o n s  2 and 4, located at the edges  of the F i c o l l  gradient ,  were  mos t  c l e a r l y  r evea l ed .  Above 
these f r ac t ions ,  and af te r  them, other ce l l s  a l so  were  found, but thei r  boundar ies  were  indis t inct .  After  the 
end of e l e e t r o p h o r e s i s ,  ident ica l  f r ac t ions ,  the boundar ies  for  co l lec t ion  of which are  indica ted  in F ig .  2, were  
pooled f rom di f ferent  tubes and washed with Eagle '  s medium to r emove  F ico l l ,  a f te r  which the absolute  num-  
ber  of ce l l s  in each  f rac t ion  was de te rmined .  The pe rcen tage  of v iable  ce l l s  in the f r ac t ions  af te r  s ta in ing  with 
t rypan blue va r i ed  between 80 and 92. P a r a l l e l  s e r i e s  of f i lms  were  p r e p a r e d  f rom each f rac t ion  and s ta ined  
by the R o m a n o v s k y - G i e m s a  method,  a f te r  which 500 bone m a r r o w  ce l l s  were  counted and the "mye log ram"  
analyzed.  The r e s u l t s  were  subjec ted  to s t a t i s t i c a l  ana lys i s .  



TABLE 1. Absolute and Relative (in ~o) Distribution of Mouse Bone Marrow Ceils 
among Individual Elec t rophore t ic  Frac t ions  

Fraction No. Control 1 

Total number 
of cells 

9 (0,9. IO s) 
13 (1,4, lO 6) 
27 (2,9-106) 
3t (3,4.10 e) 
20 (2,2. I06) 

100 (1,08.107) 

Control 2 

10 (I,1-10 ~ 
17 (1,9.106) 
24 (2,7.10 ~) 
25 (3.10 ~) 
24 (2,7. io s) 

100 (1,14- 10 r) 

Experiment 1 [ Experiment 2 

22 (2,6.10 ~ 
26 (3-10 s) 
26 (3,1-lO s) 
17 (2. lO s ) 
9 (t. 1o.) 

100 (1,17.107) 

91 (9 ,1 .10 e) 
25 (2,6. I0 6) 
27 (2,7.10 e) 
17(1,7-10 e) 
lO(t.lO~) 

lOO (i,01.1o~) 

Legend. Here and in Table 2: total number of cells subjected to fract ionation tn one 
tube taken as 100%. Control 1 and 2) bone mar row removed 25 and 45 min respec t ive ly  
af ter  injection of physiological  saline into mice;  experiment  1 and 2) the same,  but 
af ter  injection of e ry throeyt ic  inhibitor. 

TABLE 2. Ratio (in %) between Pro l i f e ra t -  
ing Cells of Ery thron  in Control  and 
Exper imental  Frac t ions  1 (M ,~ m) 

IProerythro- 
Fraction No. lblast s 

I 
1 (control 1) [ 6+0,7 
I (experiment t) 1 12_~1,15 
1 (control 2) 5+0,87 
1 (experiment 2) I0-~-1,5 

Basophilic and poiy- 
chromatophflic 
lerythroblasts , 

94+_0,7 
88-4-1,15 
95• 
90-4-1,15 

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

Inhibition of prol i ferat ion among cel ls  of the erythroid  se r ies  by 53% was observed 4 h after adminis t ra -  
tion of the e ry throcyt ic  inhibitor (stathmokinetic index 15 * 1.46 in the control,  7 * 0.94 in the experiment;  
P < 0.05). 

On e lec t rophoret ic  fract ionation of bone mar row ceils  of the intact and exper imental  mice the following 
pattern of distr ibution of the cellular  mate r ia l  among the fract ions was observed (Table 1): in the control  the 
la rges t  number of cells  (73-78~0) occur red  in f rac t ions  3-5 and the smal les t  (22-27%) in f ract ions  1 and 2. In 
the exper imental  se r ies  a redis t r ibut ion of the cel lular  mate r ia l  was observed:  in the f i r s t  two fract ions  the 
number of separa ted  ceils  was grea ter  than in the c o n t r o l  This was par t icu lar ly  true in fract ion 1, where the 
number of ceils  was 2-2.6 t imes grea ter  than in the control  fract ion.  

To discover  on account of which bone mar row cells  the number of cells  in f ract ion 1 was increased (the 
least  mobile fract ion f rom the e lec t rophoret ic  point of view), "mye lograms"  of this f ract ion were analyzed in 
the experiment  and control .  The resu l t s  showed that nucleated cells  of the e ry th ron  accounted for  20-22~0 of 
the total number of bone mar row ceils  in the control ,  whereas in the experimental  se r i e s  the number of ceils 
of the ery throid  se r ies  was increased up to 31-34%. These resu l t s  point to a decrease  in e lec t rophoret ic  mo-  
bility mainly of cells of the e ry thro id  se r ies  and to an increase  in the total number  of cells  in experimental  
f ract ions  1 on account of these cells.  

The point of application of e ry throcy t ic  chalone is known to be the prol i ferat ing cel ls  of the e ry thron  
(proerythroblas ts ,  e ry throblas ts ) ;  it was therefore  interest ing to study whether the e lect rophoret ic  mobili ty of 
these cells  changes equally after the action of e ry throcy t ic  inhibitor. The ra t io  between the numbers  of these 
cells  in the exper imental  and control  f ract ions was accordingly analyzed for this purpose (Table 2). Analysis  
of the specimens showed a relat ive increase  in the percentage of p roery throb las t s  compared with e ry throb las t s  
in the experimental  f ract ions 1 compared  with the corresponding control  f ract ions  (P < 0.05), and this was 
attributed to the predominant  decrease  in their e lec t rophore t ic  mobility after the action of the chalone. 

Since the surface charge of the blood cells  is due mainly to the content of sialic and neuraminie  acids in 
the outer membrane  of the blood celis  [1, 6],  it can tentatively be suggested that the e ry throcyt ic  inhibitor 
evidently in teracts  with the r ecep to r s  of the membranes  containing these compounds. As a r esu l t  the e l ec t ro -  
kinetic p roper t i es  of cells  of the e ry thro id  se r i e s  are modified and their e lee t rophoret ic  mobility is reduced.  
In the p roery throb las t s ,  on account of the large size of the cells,  contact  with e ry throcyt ic  chalone evidently 



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 .  
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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  

OF D I F F E R E N T  S P E C I E S  

K .  K .  Z a i t s e v a  a n d  L .  A.  K r u g l o v a  UDC 612.212.014.1.014.462.8-019 

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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