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The total number of polyrnorphs, and also the number of polymorphs phagocytosing dust particles in 
perfusion fluid obtained from ~he alveoli and respiratory tract of rats made to inhale quartz dust for 4 or 8 
months were much higher than the corresponding numbers of macrophages. The opposite relationship 
which, judging from data in the literature, is typical of inert and radioactive dusts, was found in perfusion 
fluid from lungs of the control rats, in which only ordinary atmospheric dust could be deposited. Poly- 
morphonuclear phagocytosis is thus an important supplementary mechanism of self-cleansing from dust 
carrying with it the risk of silicosis. However, judging from the large number of particles present on the 
average per cell, maerophages play the dominant role in this case also. 

Phagocytosis is invariably found in the development of pneumoconiosis. It plays an essential role in 
the formation of the silicotie nodule, and death of a continuous series of cells caused by phagocytosis of 
silica particles is the primary factor leading to the development of the silicotic reaction. The special 
fibrogenieity of silica dusts is associated with their specific ability to damage macrophages [I]. At the 
same time, phagocytosis of dust deposited primarily in the alveoli is a vital link in self-cleansing of the 
alveoli~ Results obtained by many investigators indicate that the phagocytic mechanism of alveolar self- 
cleansing is entirely dependent on maerophages [2, 3, 8]~ However, it was shown 15 years ago by phage- 
contrast microscopy and by microfilming in vitro that this conclusion is valid only for certain so-called 
inert dusts (coal, aluminum, iron), while quartz particles are ingested more actively by maerophages than 
these "inert" materials, and at the same time, they are the only dust particles which are also phagocytosed 
by polymorphs [6]. 

The role of these various cells in phagocytosis of quartz dust was studied in the investigation des- 
cribed below. 

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

The technique of LaBelle and Br ieger  [7] as modified by Komovnikov [2] was used to study alveolar 
phagocytosis  of dust par t ic les  in ra ts  exposed to chronic inhalation of crushed quartz dust. Dust inhalation 
took place on Mternate days, for  5-6 h per  diem, the dust concentration in the chamber being 55 m g / m  3. 
Alveolar phagocytosis  was studied in animals inhaling dust for 4 months, when, judging by the hydroxy-  
proline content in the lungs, f ibrosis  was just beginning to develop, and at the end of the 8th month of in- 
halation, when f ibrosis  had attained a considerable degree.  

The principle of the method is based on obtaining washings from the r e sp i r a to ry  passages  by ex t rac -  
tion of the lungs f rom the body and counting the number of cells in an aliquot sample of perfusion fluid, 
then converting the resu l t  for the r e sp i r a to ry  organs as a whole. Washings were obtained 24 h after the 
end of the last  exposure to dust, i.e.,  at a time when accumulation of alveolar macrophages  in the lungs had 
reached a maximum [2, 4, 7]. The cells were counted in a Fuchs-Rosenthal  chamber,  and films obtained 
by centrifugation of the lung perfusion fluid were then prepared,  fixed with methanol or  in formalin vapor,  
and stained by the R o m a n o v s k y - G i e m s a  method. After microscopic  examination, the relat ive percentages  
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Fig. 1. Number (Xl04) of different  cel ls  in perfus ion 
fluid f rom lungs of exper imenta l  (A) and control (B) 
r a t s  a f ter  var ious  t imes .  Unshaded columns denote 
total number  of polymorphs ;  black columns denote 
number  of po lymorphs  with phagocytosed dust; ob-  
l iquely shaded columns show total number  of m a c r o -  
phages; horizontal ly  shaded columns give number  
of macrophages  with phagocytosed dust. 

of macrophages ,  po lymorphs ,  and other  cel ls  were  
de termined.  F r o m  this ra t io  and the total  number  
of cel ls  in the perfus ion fluid, the absolute number  
of f ree  pulmonary  mac rophages  and po lymorphs  was 
calculated~ Macrophages  and po lymorphs  contain-  
ing phagocytosed dust were  counted separa te ly ,  and 
the number  of v is ib le  dust pa r t i c l e s  in each cell 
was  de termined.  Alveolar  phagocytosis  was studied 
at the f i r s t  t ime mentioned above in 18 exper imenta l  
and 5 control r a t s ,  and at the second t ime in 14 and 
5 animals,  r e spec t ive ly .  

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

Absolute number s  of macrophages  and poly-  
morphs  and also of accompanying cel ls  with phago-  
cytosed dust pa r t i c l e s  in the exper imenta l  and con-  
t rol  an imals  a re  i l lus t ra ted  in Fig.  1. In the control 
an imals*  phagocytosis  by mac rophages  was much 
more  marked  at both t imes .  These  animals  inhaled 
dust only f rom the surrounding a i r ,  in which there  
were  no grounds for assuming  the p r e sence  of any 
l a rge  amounts of quartz  dust.  Converse ly ,  in r a t s  
specia l ly  exposed to inhalation of quar tz ,  the num-  

b e t  of f ree  neutrophfls  in the lungs, including neutrophils  containing phagocytosed dust, was g r e a t e r  than 
the number  of macrophages  (and, correspondingly ,  of macrophages  with dust) at the s ame  t ime.  

Whereas  the number  of dust pa r t i c l e s  per  po lymorph  did not exceed 2-3, the mean number  of dust 
pa r t i c l e s  pe r  macrophage  af ter  4 months was 2.9 in the r a t s  of the control group and 5 in those of the 
exper imenta l  group, and it eventually reached  a max imum of 29-30~ 

I t  can t he re fo re  be postulated that the macrophage  mechan i sm of se l f -c leans ing  is more  effective than 
the po lymorph  mechan i sm in the case  of inhalation of quartz  dust, despite  the s m a l l e r  number  of cel ls  
concerned.  Never the less ,  the r e su l t s  indicate that, bes ides  maerophages ,  po lymorphs  also play an essent ia l  
ro le  in this se l f -c leans ing  of the lungs f rom quar tz ,  whereas  el imination of " iner t"  and of rad ioac t ive  dusts 
[2] takes  place  a lmos t  en t i re ly  through macrophages .  This  can evidently be r ega rded  as  an additional 
mechan i sm to pro tec t  the body against  a specia l ly  aggres s ive ,  harmful  fac tor .  

These  r e su l t s  a re  cons idered  to be of pa r t i cu la r  impor tance  because  they were  obtained f rom the 
f i r s t  invest igat ion of a lveolar  phagocytosis  under the conditions of chronic inhalation of dust. Meanwhile, 
analys is  of exper imenta l  r e su l t s  obtained by Fe r in  and c o - w o r k e r s  [5], who invest igated a lveolar  phago-  
cytos is  in r a t s  sac r i f i ced  25 days af ter  a single exposure  of 6 h to inhalation of dust p r e sen t  in the chamber  
in high concentrat ion,  shows that monocytes  accounted for only 18% of the total number  of phagocytic cel ls .  
These  w o r k e r s  do not examine the ro le  of po lymorphonuclear  phagocytosis ,  and l ike other  inves t iga to rs ,  
Fe r in  [4], in his monograph on pulmonary  c lea rance  cons iders  it  to be purely  a function of macrophages ;  
neve r the l e s s  the r e su l t s  they desc r ibe  a r e  not in conflict with those  of the p re sen t  exper iments .  

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

1. Bo T. Velichkovskii  and B. A. Katznel ' son ,  Etiology and Pathogenes is  of Si l icosis  [in Russian],  
Moscow (1964). 

2. G . S .  Komovnikov, Phagocytic  Respbnse in the Lungs during the Action of Dusts  of Different  
Composit ion and of Ionizing Radiation. Candidate Disser ta t ion  [in Russian],  Moscow (1967). 

3. A. Collet, in: The Mechanism of El iminat ion of Deposited Pa r t i c l e s  f rom the Lung, Bra t i s l ava  (1966). 
4. J .  Fer in ,  Pu lmonary  Clearance  After Deposit ion of Aerosols ,  Bra t i s l ava  (1966). 

*Because of the v e r y  different  absolute numbers  of cel ls  in perfus ion fluid f rom the lungs of r a t s  f rom the 
exper imenta l  and control groups,  the values  shown on the d iagram for  the different  groups are  on different  
s ca l e s .  

1224 



5. 

6. 
7. 
8. 

J .  Fer in  et al., in: Proceedings  of the 14th International Congress of Occupational Health, Madrid 
(1963), p. 705. 
R. Gersing and H. Schumacher,  Bei t r .  S i l ikose-Forsch . ,  25, 31 (1953). 
C. W. LaBel le  and H. Br ieger ,  Arch.  Environm. Health, 1_, 423 (1960)o 
M. O. Pinkett ,  C. R. Cowdrey, and P. C. Nowell, Am. J .  Path. ,  48._._, 859 (1966). 

1225 


