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Cytochemical  study (acid phosphatase ,  succinate dehydrogenase ,  NAD- and NADP-diaphorase)  
of per i tonea l  coniophages showed inhibition of the eytotoxic action of quartz  by polyvinylpyr i -  
d ine -N-ox ide ,hydrocor t i sone ,  and ch lorpromazine .  Morphological  and b iochemica l  inves t iga-  
tions showed that these  compounds delayed the development  of exper imenta l  s i l i cos i s  in albino 
ra ts .  By con t ras t ,  t ryps in ,  which acce l e r a t e s  death of the coniophages,  intensified collagen 
fo rmat ion  in the lungs of an imals  exposed to the action of dust. 

A specia l  place in the pathogenesis  of s i l icos is  has recent ly  been  a sc r ibed  to the mac rophages  [11, 
12], which a re  genera l ly  cons idered  to s e c r e t e  f ibrogenic subs tances  under the influence of quartz .  On the 
bas i s  of invest igat ion [4, 5, 7-9] the following hypothesis  was put fo rward  to explain the development  of the 
mos t  important  components of the pathogenesis  of s i l icos is .  The f i r s t  c o m p o n e n t -  the phagocytosedquar tz  - 
causes  damage  to the mi tochondr ia l  m e m b r a n e s  and dis turbance of the energy me tabo l i sm  and biosynthet ic  
act ivi ty of the coniophage, followed by dis integrat ion of the phagoly~osome m e m b r a n e s  and uncontrol led l ib- 
e ra t ion  of hydro lases  into the cytoplasm.  The second component  is that as a r e su l t  of autolysis  of the conio- 
phage and resul t ing  changes in phosphol ipase act ivi ty lysoleci thin,  a substance  reducing the ability of cel ls  
to absorb  oxygen, and perhaps  other  f ibrogenic  fac tors  also a r e  s ec re t ed  into the surrounding medium. The 
thi rd  component  is that f ib rob las t s ,  which a re  highly compet i t ive  under hypoxic conditions,  act ivate  the i r  
p r i m a r y  function of collagen format ion.  The increased  synthetic  act ivi ty of the f ibroblas t  takes  place  against  
a background of its sharp ly  reduced energy  me tabo l i sm,  with the resu l t  that a typical  mucopo lysacchar ides  
and collagen a r e  produced.  

Accordingly,  the poss ib le  ways of de l ibera te ly  influencing the development  of the pathological  p ro ce s s  
may  be: reducing the su r face  act ivi ty  of quartz  in var ious  ways,  admin is t ra t ion  of s t ab i l i ze r s  of mitochon-  
dr ial  and lysosomal  m e m b r a n e s ,  r em ova l  of dis integrat ion products  of the coniophages e i ther  by specif ic  
hydro lys i s  or  by the fo rmat ion  of iner t  complexes ,  the adminis t ra t ion  of subs tances  s t imulat ing ox ido - re -  
duction, and the specif ic  inhibition of the synthetic function of the f ibroblas ts .  

This paper  desc r ibes  r e su l t s  showing that the development  of pneumosc le ros i s  in exper imenta l  s i l i -  
cos is  can be inhibited and intensified by the s tabi l izat ion and labi l izat ion of the mi tochondr ia l  and phagoly-  
so soma l  m e m b r a n e s  of the coniophage. 

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

Two tes t  objects  were  used: per i tonea l  macrophages  and the lungs of r a t s  with exper imenta l  s i l icos is .  
In the exper imen t s  of s e r i e s  I the cytotoxic effect  of quartz  dust was studied during the action of the sub- 
s tances  indicated below. Impre s s ion  f i lms were  made 24, 48, and 72 h a f te r  injection of 100 mg crys ta l l ine  
dust containing 92.8% s i l ica  into the per i tonea l  cavity of control  and exper imenta l  animals .  The cy tochemi-  
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cal react ions for succinate dehydrogenase,  NAD- and NADP-diaphorase,  and acid phosphatase [2-4, 13] 
were used as indicators of the state of the mitochondrial  and lysosomal  membranes .  Each group of experi-  
mental  animals additionally received one of four substances by intraperi toneal  injection throughout the ex- 
periment:  hydrocor t isone (total dose per animal 60 rag), chlorpromazine (1-4 mg), polyvinylpyridine-N- 
oxide with molecular  weight 80,000 (10-30 rag), and t rypsin  (2 mg 6 h before taking the films). 

The object of the experiments  of se r ies  II was the morphological  (sections stained with hematoxylin- 
eosin, picrofuchsin,  impregnation by Gomor i ' s  method) and biochemical  (determination of collagen by the 
method of Slutskii and Sheleketina [6]) study of sc le ros i s  in the lungs of ra ts  with experimental  s i l icosis  
under the influence of the prepara t ions  mentioned. The experiments  with hydrocor t i sone were car r ied  out 
on 60 rats  (experimental and control) in which s i l icosis  was induced by int ra t raeheal  injection of 50 mg of 
the above-mentioned dust. Three months later  30 animals received 2.5 mg hydrocor t i sone daily by gast r ic  
tube for one month. The experimental  and control  animals were sacr i f iced at the same time four months 
f rom the beginning of the experiment.  

Chlorpromazine was injected in a dose of 2 mg three t imes a week during the last (fourth) month of 
the experiment  into 15 rats  with experimental  s i l icosis ;  the same number of animals formed the control 
group. The effect of t rypsin  (this par t  of the work was done jointly with M. A. Son) on collagen formation 
in the lungs was studied in 181 rats  at various t imes {from one to five months) af ter  injection of the dust. 
Trypsin  was injected int ra t racheal ly  in a dose of 0.2 mg once every  four days. 

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

After 24 h the peri toneal  exudate of the control  animals contained coniophages and polymorphs active- 
ly engaged in phagocytosis  of dust. The mainly diffuse charac te r  of the deposition of the react ion product 
in the cells in tests  for oxido-reductases  was evidence of a marked injury to the mitochondrial  membranes  
by quartz even in the ear ly  stage of dust phagocytosis.  In a few ceils diffuse deposits of diformazan were 
less  well defined. At the same period in animals receiving hydrocor t i sone,  ch lorpromazine  and, in par t ic -  
ular ,  polyvinylpyridine-N-oxide,  the la rges t  number of phagocytic elements consisted of those in which the 
mainly granular  deposits of diformazan were combined with a less marked diffuse distr ibution of the dye. 

After additional t rea tment  with t ryps in  the diffuse deposits of diformazan in the coniophages were 
intens flied. 

In the react ion for acid phosphatase in the control  animals ,  both uniform punctate deposits of granules 
of lead sulphide in the lysosomes  and l a rge r  deposits of the react ion product,  confluent in some places,  
were observed in the phagolysosomes.  In the three groups of experimental  ra ts  the deposits of lead sulph- 
ide were mainly d iscre te  in charac ter .  

Trypsin  induced an increase  in the diffusion of lead sulphide in the cytoplasm of the coniophages. 

With an increase  in the duration of exposure to dust {48-72 h), the diffuse deposition of react ion p ro -  
ducts in the tests  for the mitochondrial  and lysosomal  enzymes increased in intensity and became complete 
in an increasingly large number of maerophages;  some of the cells were destroyed.  Destroyed cells were 
found more  often af ter  the t rea tment  with t rypsin  but, conversely ,  less often after  t rea tment  with hydro-  
cor t isone,  polyvinylpyridine-N-oxide,  and chlorpromazine.  When 10,000 coniophages were counted in the 
impress ion  films f rom the controland experimental  animals at the third period of sacr i f ice  a s ta t is t ical ly  
significant (P < 0. 001) decrease  was found under the influence of polyvinylpyridine-N-oxide,  hydrocor t isone,  
and chlorpromazine  in the number of cells with evidence of marked or complete diffusion of the his tochemi-  
cal react ion product  in the test  for acid phosphatase (40 • 1.4, 43 ~: 1.1, 46 • 1.8% compared with 54 ~: 2.2% 
in the control),  and an increase  in the number of these cells to 66 :~ 1.4% was found after  t rea tment  with 
trypsin.  

Morphological investigation of the lungs of ra ts  with experimental  s i l icosis  receiving hydrocor t i sone  
showed inhibition of sc le ros i s  in the lungs, as ref lected by some decrease  in the number and in the degree 
of matur i ty  of the si l icotic nodules. These resul ts  are  in agreement  with those of the biochemical  rats .  For  
instance, the collagen content in the lungs of the control  animals was 60.32 rag, or 21.26% of the dry weight 
of the organ, whereas in the experimental  animals the figures were 48.88 mg or 16.5%. The difference be-  
tween these indices in the two cases  is s tat is t ical ly significant. Results of a study of the antisil icotic ac-  
tion of polyvinylpyridine-N-oxide published previously  [1] show regress ion  of the pathological p rocess  after 
in t ra t racheal  injection or  inhalation of the dust by the animals which received subcutaneous injections of the 
compound. 

629 



Morphological  investigation of the lungs of a ra t  with exper imenta l  s i l i cos i s  and with s i l icos is  t r ea t ed  
with t ryps in  1, 3, and 5 months af ter  injection of the dust,  however ,  showed an inc rease  in collagen f o r m a -  
tion in the lungs. This was re f lec ted  by an inc rease  in the number  of sma l l  nodules in the lungs a f te r  ad-  
'min is t ra t ion  of t ryps in  in the ea r ly  per iods  of dust adminis t ra t ion  and the frequent confluence of l a r g e r  
s i l icot ic  nodules with the format ion  of continuous fields of a i r l e s s  s i l icot ie  connective t i s sue  in cer ta in  
a reas  five months a f te r  adminis t ra t ion  of the dust. Biochemical  investigation showed that in the animals  
rece iv ing  t ryps in  1.5 months af ter  the beginning of the exper iment  there  was a s ta t i s t i ca l ly  significant  
(P < 0.001) inc rease  in the re la t ive  (13.3% compared  with 11.9% in the control) and a sma l l  but not s ignif i -  
cant inc rease  in the absolute (34.87 mg compared  with 33.28 mg in the control;  P > 0.5) content of collagen 
in the lungs. Adminis t ra t ion  of t ryps in  when the pathological  p r o c e s s  was well es tab l i shed  (in the las t ,  fifth 
month af ter  adminis t ra t ion  of dust) a lso showed a s ta t i s t ica l ly  significant inc rease  in the content of collagen 
prote ins :  re la t ive  to 14.58% (12.85% in the control) and absolute to 85.26 mg (75.11 mg in the control).  

The r e su l t s  of the morphologica l ,  eytochemical ,  and b iochemica l  t e s t s  thus indicate that the subs tances  
used, depending on the i r  s tabi l iz ing or labil izing action on the membranous  s t ruc tu r e s  of the coniophage, 
can inhibit or a cce l e r a t e  the development  of pneumoconiosis .  It should be mentioned in this connection that  
the slowing of development  of exper imenta l  s i l i cos i s  descr ibed  p rev ious ly  [14] in r a t s  under the influence 
of chloroquine phosphate can be explained in the light of invest igations [10] showing the s tabi l iz ing effect  of 
chloroquine on the phagolysosomal  m e m b r a n e s  of the hepatocytes .  
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