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The fo rma t ion  of cell  nodules pene t r a t ed  at the p e r i p h e r y  by collagen f ibe r s  was obse rved  in the p e r i -  
toneal cavi ty  of albino r a t s  r ece iv ing  an in t raper i tonea l  injection of dust of chrysot i le  a sbes tos ,  b ruc i te ,  
and two types of amphibol i t ic  a sbes to s  (actinolite and t remol i t e ) .  P a r t i c l e s  were  found in the lungs. Dusts 
of b rue i t e  and c h r y s o t i l e - a s b e s t o s  w e r e  found to have  the s t ronges t  f ibrogenic  action.  

In connection with the eve r  i nc reas ing  use  of a sbes tos  m a t e r i a l s  in mode rn  industry,  it has  beco me  
n e c e s s a r y  to study the pathogenic  p r o p e r t i e s  of dusts of different  f o r m s  of a sbes tos .  T i s sue  reac t ions  to 
in t raper i tonea l  injection of a sbes tos  dusts  have  s t i l l  r e ce ived  inadequate study [4, 5, 7]. The informat ion 
avai lable  on this p r o b l e m  is scanty  and conflicting. 

Po l i ca rd  and Collet [8] c la im that  the reac t ion  of the lungs to dusts is in some  r e s p e c t s  l ess  demon-  
s t r a t ive  than the reac t ion  of the pe r i toneum,  changes in the l a t t e r  developing m o r e  rapidly  and a lmos t  in-  
dependently of the spec ies  of animal ,  

I ne r t  dusts  have been found not to produce  changes in connective t i ssue,  whereas  under  the influence 
of ha rmfu l  f ibrogenic  dusts ,  sol id and f requent ly  confluent nodules a r e  f o rmed .  

MiMer and Sayers  [6] we re  the f i r s t  inves t iga tors  to inject  chryso t i l e  and crocidol i te  asbes tos  into 
r a t s ,  but they concluded that these  dusts a r e  not f ibrogenic .  Vorwald and c o - w o r k e r s  [9] injected la rge  
pa r t i c l e s  of a mix tu re  of a sbes tos  and se rp ten t ine  and obtained f ib ro t i c  changes,  although shor t  f i be r s  (<3 ~) 
did not cause  f i b r o s i s .  Behrens  [3] found that a f te r  injection of a sbes tos  dust into mice ,  h is t iocyt ic  nodules 
surrounded by  collagen f ibe r s  a r e  f o r m e d  in the m e s e n t e r y .  However ,  these worke r s  did no m o r e  than des -  
c r ibe  the changes in the pe r i tonea l  cavi ty .  

The object  of the p r e s e n t  inves t igat ion was to study changes a r i s ing  under  the influence of migra t ing  
dust in o ther  pa renchymatous  o rgans .  

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

Dusts of c h r y s o t i l e - a s b e s t o s  (H4Mg3Si204), of two other  types of amphiboli t ic  a s b e s t o s - t r e m o l i t e  
(Ca2MgsSi4Oll) and act inoli te  [Ca(Mg, Fe++ 5 Si4Oll(OH)2], and a lso  of b ruc i t e  (MgO" H 2 0 ) - a  f ibrous  m i n e r a l  
although not, l ike a sbes to s ,  a s i l i ca te ,  were  used.  

Exper imen t s  were  c a r r i e d  out on 35 albino r a t s  weighing 180-200 g, r ece iv ing  an in t raper i tonea l  in-  
jection of a suspens ion  of 50 mg dust  in 100 m l  physiological  sa l ine .  The s ize  of the dust p a r t i c l e s  did not 
exceed 5#.  The an imals  we re  ki l led by  decapi ta t ion 15 days and 4 and 6 months l a t e r .  His to logical  e x a m i -  
nation was made  of the m e s e n t e r y ,  the m e s e n t e r i c  lymph gland, lungs, l iver ,  kidney, and spleen.  Mate r ia l  
was fixed in 10% neut ra l  fo rmal in .  Sections were  s ta ined with hematoxyl in-eos in ,  by Van Gieson ' s  method,  
and for  i ron compounds by P e r l e s '  method.  

EXPERIMENTAL RESULTS 

By the 15th day a f t e r  injection of these  dusts ,  r o u n d ,  dense,  g ray  s t r u c t u r e s  3 m m  in d i ame te r  were  
found in the pe r i tonea l  cavity of the r a t s ,  d is t r ibuted  on the m e s e n t e r y ,  pa r i e t a l  pe r i toneum,  and on the 
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Fig. i. Cell nodule in omentum with 
concentrically arranged collagen fibers 
around it. Actinolite, 15 days. Van 
Gieson, 160 • 

Fig. 2. Proliferation of collagen fibers 
with decrease in number of giant cells 
in cell nodule; dust particles surrounded 
by cells. Chrysotile-asbestos, 4 months. 
Van Gieson, 320 • 

Fig. 3. Concentric and whorled arrange- 
ment of collagen fibers in cell nodule. 
Brucite, 6 months. Van Gieson, 160 x. 

serous membranes of the intestine. Collections of cells 
(nodules), consisting of macrophages and lymphocytes, were 
seen on a film specimen of the mesentery after injection of 
chrysotileasbestos dust, penetrated at the periphery by colla- 
gen fibers. Giant cells with nuclei situated peripherally were 
also observed. After injection of tremolite and actinolite dust 
cell nodules consisting of numerous dust macrophages sur- 
rounded by concentrically arranged collagen and argyrophilic 
fibers (Fig. !), were found in the mesentery. After injection 
of brucite dust, cell nodules with numerous syncytia of 25 
nuclei or more were formed. 

Four months after injection of chrysotile-asbestos dust, 
thickening of the collagen fibers was observed in the nodules 
and a decrease in the amount of dust in the surrounding tissue. 
The larger dust particles were surrounded by fibers and cells 
resembling a capsule. The number of giant cells was re- 
duced (Fig. 2). The greatest increase in collagen fibers in the 
nodules was caused by brucite dust; the cells meanwhile be- 
came fewer in number and developed necrosis. Similar, al- 
though less marked, changes were found after injection of ire- 
mollie and actinolite dusts 

Six months after injection of all the types of dust studied, changes in the mesentery were almost iden- 
tical with those described above. However, especially after injection of brucite dust, the number of cells 
was reduced and, on the other hand, the collagen fibers proliferated, often assuming a whorled appearance 
(Fig. 3). 

In the lungs 15 days after intraperitoneal injection of dust, the number of free-lying alveolar epithelial 
cells containing a few dust particles in their cytoplasm was appreciably increased. Four months after in- 
jection of chrysotile-asbestos dust, small clusters of cells consisting of macrophages with a high conten~ 
of dust particles were found in the interalveolar septa and along the course of the blood vessels. Occa- 
sionally small loci of lymphoid infiltration were observed near them. Changes in the bronchi produced by 
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actinoli te dust were  distinguished by the development of numerous foci of lymphoid infi l tration,  on account 
of which the continuity of the muscu la r  l aye r  of the bronchi  was f requent ly  disturbed.  

After  6 months cell  nodules were  found only in animals rece iv ing  bruc i te  dust. 

In the lymph glands af te r  15 days, an a lmost  identical  morphological  p ic ture  was observed  in all 
groups of animals:  hyperp las ia  of the r e t i cu la r  syncyt ium and a dec rease  in the amount of lymphoid t i ssue.  
The nuclei  of many cel ls  were  in a stage of ka ryo r rhex i s ,  and some were  degenerat ing.  Among the lympho- 
cytes were  some with 2-3 nuclei and pale cytoplasm. 

Hyperplas ia  of the r e t i cu la r  syncytium and intensive eosinophilic infi l t rat ion of lymphatic s inuses 
pe r s i s t ed  four  months af ter  injection of dust.  

In the l iver ,  15 days af te r  in t raper i toneal  injection of chryso t i l e -asbes tos  dust, smal l  pe r ivascu la r  
foci of lymphoid infi l t rat ion and hyper t rophy  of nuclei of hepatic cel ls  were  observed.  

Four  months a f te r  injection of bruc i te  dust, nodules appeared in Glisson 's  capsule at the site of col-  
lections of dust, surrounded at the pe r iphe ry  by thickened collagen f ibers .  The cells in the center  of the 
nodules were  in a s ta te  of necrob ios i s .  These nodules were  s imi la r  in s t ruc tu re  to the omental  nodules.  

Small loci  of lymphoid t i ssue and slight development of collagen f ibers  around the tubules and glo:- 
meru l i  were  found in the kidneys af te r  injection of ch ryso t i l e -asbes tos .  In the spleen;  4 months af ter  in jec-  
tion of dust, the outlines of the Malpighian corpuscles  had become indistinct.  

Hence, when injected in t raper i tonea l ly , the  dusts produce a uniform response :  nodules, consisting 
mainly  of dust macrophages ,  sur rounded by collagen f ibers  with a tendency toward development,  appeared 
in the m e s e n t e r y .  After  injection of chryso t i l e -asbes tos  and bruci te ,  giant mul t inuclear  cells appeared in 
the nodules.  The observat ions  made showed that they developed by fusion of single r e t i cu la r  cel ls .  De ,  
generat ion of the cytoplasm was observed  in the mas t  cells ,  evidently a sign of the toxic action of the in-  
jected dust. 

These investigations showed that ' b ruc i te  and chryso t i l e -asbes tos  dusts posses sed  the s t ronges t  f ib ro -  
tic action.  

Dust injected in t raper i toneal ly  migra ted  and was found in the per ibronchia l  and pe r ivascu la r  t i ssues  
of the lung and also in the a lveolar  epithelial  cells ,  without, however,  producing any significant changes in 
the septa; the septa were  only sl ightly thickened through an increase  in the number  of lymphocytes,  unac-  
companied by any inc rease  in the collagen f ibers ,  as o ccu r r ed  af te r  in t ra t rachea l  adminis t ra t ion of bruc i te  
and ch ryso t i l e -asbes tos  dust [2]. 

The observat ions  showed that the f ibrot ic  action of dust is manifes ted  pr incipal ly  at the si te  of p r i -  
m a r y  injection (mesentery) .  This is in aggrement  with the resu l t s  obtained by Belobragina [1], who p e r -  
fo rmed  s imi la r  exper iments  with quartz  dust and observed  the format ion  of typical  s i l icot ic  nodules only at 
the site of injection. 
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