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During chronic inhalation of quartz dust, the ratio between the number of macrophages and 
polymorphs in the lungs of rats changes in favor of polymorphs. This change is less marked 
if the resistance of macrophages to the eytopathogenie action of quartz is increased. Poly- 
morph phagocytosis is regarded as an additional factor in the self-cleansing of the lungs 
from particularly aggressive particles. 

It was Starikova [3] who first observed that during chronic inhalation of quartz dust by rats polymorphs 
(neutrophils) predominate among the free alveolar phagocytes. Conversely, in the lungs of control rats 
following deposition of the ordinary town dust, macrophages are much more numerous than polymorphs, 
just as has been described following the intratraeheal injection of various dusts with low fibrogenicity [9]. 

The object of the present investigation was to continue the study of alveolar phagocytosis and to de- 
termine the connection between polymorph phagocytosis of quartz dust and the biological aggressiveness 
of the dust. 

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

The conditions of inhalation of dust by the rats and the method of investigation of alveolar phagocy- 
tosis in all the experiments were the same as described previously [3], but in one experiment films of 
cells from lung perfusion fluid were also stained for acid phosphatase by Gomori's method. The polyvinyl- 
pyridine-N-oxide (PNO) used in this experiment was synthesized at the Department of Organic Chemistry, 
Urals Polytechnical Institute, under the direction of Professor 1. Ya. Postovskii. The compound was in- 
jected in a dose of 15 mg subcutaneously once a week. Treatment of the quartz dust with trimethylchloro- 
silane (TMCS) was carried out at 150 ~ for 6 h, after preliminary thermal dehydration of the surface of the 
particles [i]. In view of its hydrophobic character, this dust and also the untreated quartz dust were sus- 
pended in rat serum diluted ! : I0 with physiological saline; the rats received 1.5 mg of one or the other 
dust in 1 ml of diluted serum or the serum alone by intratracheal injection. 

EXPERIMENTAL RESULTS 

It is clear from Table 1 that whereas macrophages predominated in all rats of the control groups, 
after inhalation of quartz dust this predominance either was substantially reduced or (more often) was re- 
placed by the opposite relationship. This difference between the experimental and corresponding control 
groups, conventionally described below as the "poiymorph shift," is statistically significant in all eases. 
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T A B L E  1. Mean  R a t i o s  be tween  N u m b e r s  of P o l y m o r p h s  
and M a c r o p h a g e s  in P e r f u s i o n  F l u i d  f r o m  Lungs  of Con t ro l  
and  E x p e r i m e n t a l  Ra t s  

No. of experiment and 
its duration Group of rats 

Mean ratio between number 
of polymotphs and number of 
macrophages 
. for cells with tot all cells 

visible dust 
particles 

Experiment No. 1, 4 mos. 

Experiment No. 1, 8 mos. 
Experiment No. 1, 5 mos. [ 
after inhalation of dust ] 
for 8 mos. [ 

Experiment No. 2. 4 mos. I 

Experiment No. 3, 4 mos. 

Experiment No. 3, 8 mos. 

Control 
Experimental 
Control 
Experimental 
Control 
Experimental 

Control 
Experimental 
Control 
Experimental 
Control 
Experimental 

0.84 
2,70 
0,11 
2,24 
0,71 
3,48 

0,13 
1,90 
0,36 
2,09 
0,12 
1,69 

0,16 
2,41 
0,01 
1,35 
0,13 
1,34 

0,05 
1,40 
0,I4 
0,91 
o, 06 
1,34 

T A B L E  2. Some Ind i ce s  of the  P h a g o c y c t i c  R e s p o n s e  of the Lungs  
to  Ch ron i c  Inha la t ion  of Quar t z  Dus t  and T r e a t m e n t  wi th  PNO 

Duration of 
experiment 
(in months) 

31/2 

6 

Group of rats 

Control 
Inhaling dust 
Inhaling dust and treated 
Inhaling dust 
Inhaling dust and treated 

Total 
number 
of cells 
(x 10 ~) 

1,531+ 
2,764+ 
2,091 

10,688++ 
3,429+ + 

% of de- 
generated 
macrophages 
with dust 

6,4+ 
19,8+ 
8,8 

54,8++ 
16,6++ 

Ratio between number 
of polymorphs and 

Inumbers 9 f macrophages 
-forall-~'-] for all cells 
cells I with dust 
0,30+ 0,17+ 
0,64+ I O,39+ 
0,39 [0,14 
4,40++[4,50++ 
0,58++10,41++ 

Note .  Mean  v a l u e s  be long ing  to  the  s a m e  c r i t e r i a  wi th in  a g iven  
p e r i o d  of the  e x p e r i m e n t ,  but be long ing  to  d i f f e r e n t  g r o u p s  and 
d i f f e r i n g  s i g n i f i c a n t l y  f r o m  e a c h  o t h e r  (P < 0.05) a r e  m a r k e d  wi th  
i d e n t i c a l  s i g n s .  

The g r o u p s  d e s c r i b e d  a s  e x p e r i m e n t a l  in T a b l e  1 inc lude  s u b g r o u p s  r e c e i v i n g  dus t  only and a l s o  s u b -  
g r o u p s  e x p o s e d  to  c e r t a i n  add i t i ona l  f a c t o r s ,  but  a " p o l y m o r p h  sh i f t "  was  o b s e r v e d  in a l l  t h e s e  s u b g r o u p s ,  
and a g g r e g a t e d  da t a  a r e  g iven  in T a b l e  1. At  the  s a m e  t i m e ,  wi th in  the  l i m i t s  of e a c h  e x p e r i m e n t ,  the  s m a l l -  
e s t  shi f t  t o w a r d  p o l y m o r p h s  was  found in the  ce l l  c o m p o s i t i o n  of p e r f u s i o n  f lu id  f r o m  a n i m a l s  of t h o s e  s u b -  
g r o u p s  in which  f ewes t  m a c r o p h a g e s  con ta in ing  dus t  had d e g e n e r a t e d .  F o r  i n s t a n c e ,  in the  f i r s t  p e r i o d  of 
e x p e r i m e n t  No. 3, in the  s u b g r o u p  of r a t s  r e c e i v i n g  dus t  only ,  t h e s e  m a c r o p h a g e s  n u m b e r e d  on the a v e r a g e  
12%, whi le  in the  s u b g r o u p  e x p o s e d  to  h y d r o g e n  su l f ide  on a l t e r n a t e  d a y s ,  i t  was  4.9% ( P < 0 . 0 5 ) .  The r a t i o s  
be tween  the  n u m b e r s  of p o l y m o r p h s  and m a c r o p h a g e s  w e r e  2.76 c o m p a r e d  wi th  1.42 fo r  a l l  c e l l s ,  and 1.25 
c o m p a r e d  wi th  0.57 f o r  c e l l s  con ta in ing  dus t .  A s i m i l a r  e f f ec t  in o t h e r  e x p e r i m e n t s  w a s  g i v e n  by p h y s i c a l  
t r a i n i n g ,  a c c l i m a t i z a t i o n  to co ld ,  and  i n j e c t i o n s  of d i b a s o l .  Th i s  m e a n s  tha t  the  i n c r e a s e  in r e s i s t a n c e  of 
the  m a e r o p h a g e  to  the  c y t o p a t h o g e n i c  ac t i on  of qua r t z  can  be a s s o c i a t e d  wi th  the  d e v e l o p m e n t  of a s t a t e  of 
n o n s p e c i f i c a l l y  i n c r e a s e d  r e s i s t a n c e  by ana logy  wi th  o t h e r  c a s e s  d e s c r i b e d  in the  l i t e r a t u r e  [2]. 

The a n t i c y t o p a t h o g e n i c  ac t i on  of PNO has  been  d e m o n s t r a t e d  in e x p e r i m e n t s  wi th  c u l t u r e s  of v a r i o u s  
c e l l s  p h a g o c y t o s i n g  qua r t z  [4, 6, 8]. I t  e v i d e n t l y  i s  due to  c o m p e t i t i v e  i n t e r a c t i o n  wi th  the p h o s p h o l i p i d s  of 
the  i n t r a c e l l u l a r  m e m b r a n e s  [8, 10]. The  e x p e r i m e n t  showed  tha t  in f i l m s  of p e r f u s i o n  f lu id  f r o m  the lungs  
of r a t s  inha l ing  dus t  and r e c e i v i n g  PNO t h e r e  w e r e  f a r  f e w e r  c e i l s  w i th  p a r t i a l  and,  in p a r t i c u l a r ,  wi th  c o m -  
p le te  d i f fu s ion  of a c i d  p h o s p h a t a s e  into the  c y t o p l a s m  and,  c o n v e r s e l y ,  t h e r e  w e r e  m o r e  c e i l s  wi th  a d i s -  
c r e t e  d e p o s i t i o n  of l e a d  g r a n u l e s  ( ind ica t ing  the p h a g o l y s o s o m a l  l o c a l i z a t i o n  o f  the  enzyme)  c o m p a r e d  wi th  
r a t s  r e c e i v i n g  dus t  only  (the f i r s t  two f o r m s  a f t e r  3.5 m o n t h s ,  9% c o m p a r e d  wi th  30%, P < 0 . 0 1 ;  a f t e r  6 
m o n t h s ,  14% c o m p a r e d  wi th  47%, P <  0.01.  
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Under the influence of PNO (Table 2), the percentage of visibly degenerated (judging from the ordi- 
nary morphological and staining properties) macrophages with dust also was significantly reduced. There 
was a corresponding decrease in the "polymorph shift," and in the second period this was replacedbypre- 
dominance of macrophages. 

Quartz whose silanol groups were replaced by trimethylsilyl groups following reaction with TMCS is 
characterized by a greatly reduced power of causing the development of silicosis [5]. For this reason it 
was chosen for additional confirmation of the hypothesis regarding the relationship between the "polymorph 
shift" and the pathogenicity of the quartz dust. The experiment showed that, whereas the ratio between 
polymorphs and macrophages in the group of rats receiving untreated quartz dust by intratraeheal injection 
was 4.6 for all cells and 2.3 for cells with dust, in the group of rats receiving the same dust but treated 
with TMCS this ratio was 2.6 and 1.5, respectively, i. e., predominance of neutrophils over macrophages in 
the second case was less marked. Only the first two values differ by a statistically significant margin 
from the corresponding values in the group of rats receiving diluted serum only (2.1 and 0.7, respectively). 
Injection of serum into the lungs itself evokes a neutrophil response, but against this background the ori- 
ginal quartz gave a significant additional "polymorph shift" while quartz with diminished pathogenicity gave 
a less marked shift, not statistically significant. 

In vitro, neutrophils are more resistant to the cytopathogenic action of silica than macrophages [7]. 
Judging from the morphological and cytoehemical changes observed in the alveolar phagocytes, this dif- 
ference also exists in rive. 

It can thus be concluded from the facts described in this paper that neutrophil phagocytosis of parti- 
cles is actually a reserve mechanism of self-cleansing of the lungs from quartz dust, due to its particularly 
strong biological aggressiveness. Trigger mechanisms of this response are evidently connected both di- 
rectly" with dust irritation and also with the action of products of increased degeneration and disintegration 
of macrophages. 
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