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P a s s a g e  of copper  oxide pa r t i c l e s  through the a i r -b lood  b a r r i e r  in the lumen of cap i l l a r i e s  and the i r  
penet ra t ion  into the u l t r a s t r u c t u r e s  of in ternal  organs  were  studied in r a t s  a f t e r  inhalation of a copper  
oxide ae roso l .  

During study of the pathogenesis  of the pneumoconios is  resu l t ing  f rom inhalation of u l t r a m i c r o s c o p i c  
pa r t i c l e s ,  it became  n e c e s s a r y  to de t e rmine  the m e c h a n i s m  concerned in the penet ra t ion  of pa r t i c l e s  into 
t i s sue  u l t r a s t r u c t u r e s  and the t imes  r equ i red .  This  is pa r t i cu l a r ly  impor tan t  because  no unanimity as  ye t  
ex is t s  in the l i t e r a tu r e  on this p rob lem.  However ,  the re  is no doubt whatever  about the ha rmfu l  na ture  of 
u l t r a m i c r o s c o p i c  dust pa r t i c l e s  capable  of set t l ing in the alveoli  of the lungs [1, 4, 7, 9]. The d i scove ry  
that dust pa r t i c l e s  can pene t ra te  into different  pa r t s  of the a i r -b lood  b a r r i e r  has led expe r imen ta l  w o r k e r s  
to seek an explanation of this fact .  According to Alksne [6], d i sp lacement  of colloidal m e r c u r y  sulfide p a r t i -  
c les  through the endothelial  ce l ls  takes  place  by means  of ves ic les ,  the p roce s s  being cal led ey topems i s ,  
i .e. ,  pene t ra t ion  through the cell .  La t e r ,  Takahash i  [10] obse rved  the movemen t  of ink pa r t i c l e s ,  sur rounded 
by a vacuole,  f r o m  the endothelium to the lumen of the alveoli  in per iods  of 30 rain, 3.5 h, and 24 h. These  
w o r k e r s  cons ider  that the m o v e m e n t  of pa r t i c les  takes  place act ively,  not pass ive ly ,  with the expendi ture  
of energy.  The  opposi te  view is held by Hepples ton [8], who cons iders  that dust is t r a n s p o r t e d  through the 
a lveo la r  wall  by phagocytos is ,  and subsequently deposi ted in the ground subs tance  of the connect ive  t i s sue  
a f te r  des t ruc t ion  of the phagocytes .  Salov and Bor i senkova  [5] r e g a r d e d  the appea rance  of dust pa r t i c l e s  
up to 0.02 t~ in d i am e t e r  in the ground substance  of the connect ive t i s sue  as a mani fes ta t ion  of the se lec t ive  
function of the basemen t  m e m b r a n e  of the a lveo la r  epithelium. 

No informat ion  could be found in the l i t e r a tu r e  concerning e l e c t r o n - m i c r o s c o p i c  inves t igat ions  of the 
pa thogenes is  of pneumoeonios is  in we lde rs .  

The object  of this invest igat ion was to study penet ra t ion  of finely d i spe r sed  industr ia l  dust, namely  
welding fumes  with a pa r t i c le  s ize  below the r e so lv ing  power of the optical  m i c r o s c o p e ,  by the use  of the 
e lec t ron  m i c r o  scope.  

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

A condensat ion ae roso l  of copper  oxide was obtained on F P P  f i l t e r s  f rom wi re  containing the 100~ 
chemica l ly  pure  me ta l .  Pa r t  of the dust was  embedded in a m ix tu r e  of  m e t h a c r y l a t e s  by P a l a d e ' s  method 
and studied in u l t ra th in  sect ions.  Two groups of albino r a t s  inhaled the welding dust ae roso l  in a concen-  
t ra t ion  of 50-80 m g / m  3. The duration of inhalat ion was 15, 30, 45, and 60 rain for  the r a t s  of group I and 3 h for  the 
r a t s  of group 2. The an ima l s  of group I we re  sac r i f i ced  a f te r  15, 30, 45,and 60 rain, and those of group 2 a f t e r  
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Fig. 1. Penetrat ion of copper oxide c rys ta l  into superficial  
port ions of cytoplasmic process  of a small  alveolar  cell. 
Inhalation 15 rain and sacrif ice.  0.2 # - 5  ram, 25,000 x. 

Fig. 2. Liberat ion of copper oxide c rys ta l  into capil-  
l a ry  lumen. A pinocytotic vacuole can be seen at the 
site of penetrat ion of the c rys ta l  into the matr ix  of the 
cytoplasmic p rocess  of an endothelial cell. Inhalation 
for 3 h and sacr i f ice .  0.2 p - 5  ram, 25,000 x~ 

0, 3, 6, 12, 18, and 24 h. Ultrathin sections f rom pieces of the lungs of the experimental  animals,  t reated 
by Paladets method, were examined in the UEMB-100 A electron microscope .  Crys ta l s  of the condensation 
aerosol  of copper oxide vary  in d iameter  f rom 30 to 3500 A, and their shape is that of a tetragonal  pr i sm 
with a square horizontal  section. Par t i c les  f rom 30-250 A are  difficult to distinguish in sections,  while 
c rys ta l s  measur ing  more  than 200/~ a re  f ragments  which a re  square or  polygonal in shape. 

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

Inhalation of the condensation aerosol  of copper oxide welding dust led ult imately to penetration of 
the par t ic les  through all sections of the a i r -b lood ba r r i e r  and to their introduction into the u l t r a s t ruc tu re  
of the alveolar  epithelial cells.  After 15-60 rain, single c rys ta l s  and groups of c rys ta l s  were  found only 
in the u l t ras t ruc tures  of the a i r -b lood b a r r i e r  (Fig. 1). Whereas  after  15 rain dust par t ic les  had penetrated 
into the cytoplasm of the alveolar  p rocess ,  by 60 rain they had penetrated through the general  basement  m e m -  
brane and were found in the matr ix  of the endothelial cell p rocess .  The ground substance of the connective 
t issue,  together with depolymerized basement  membranes ,  merged  in these a reas  with the mat r ix  of the 
alveolar  and endothelial cytoplasmic p rocesses ,  containing numerous pinocytotic vesic les  measur ing  400- 
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Fig. 3. Copper  oxide c ry s t a l s  in blood p lasma .  C i r c u -  
l a r  s t r u c t u r e s  can be seen  in the c rys t a l  ma t r i x .  Inha-  
lat ion for  3 h, sac r i f i ce  6 h a f te r  beginning of inhalation. 
0 . 2 - 7  ram,  35,000 x. 

500 /~. In individual e lec t ron  m i c r o g r a p h s ,  contact  between the c r y s t a l  and pinocytotic vacuole  could be 
c l ea r l y  seen,  but in o thers  it could not, and the c r y s t a l s  were  sepa ra t ed  f rom the surrounding med ium by a 
thin, loose  m e m b r a n e .  

Af ter  3 h, par t i a l  l ibera t ion  of the c r y s t a l s  into the cap i l l a ry  lumen of the a !veo la r  wall  was obse rved  
(Fig. 2). At the s i te  of penet ra t ion  of the c r y s t a l s ,  on the in ternal  m e m b r a n e  of the endothelium, defects  
were  f requent ly  found, m e a s u r i n g  f rom 500 to 1000 A. The su r face  of the c ry s t a l  bur ied  in the cy top lasm 
of the endothelial  p r o c e s s  st i l l  c a r r i e d  a m e m b r a n e ,  but the c ry s t a l  f r agmen t  facing the cap i l l a ry  lumen 
now had clean edges.  

C rys t a l s  of copper  oxide were  found af ter  6 h in the blood p l a sma  (Fig. 3). Against  the background of 
the amorphous  m a t r i x  of the c rys ta l ,  c i r cu l a r  a r e a s  of t rans lucency ,  up to 160 ~ in d iamete r ,  with an e l ec -  
t r on -dense  r i m  40 A in th ickness ,  we re  seen. These  s t ruc tu r e s  were  evidently the r e su l t  of sa tu ra t ion  of 
the i n t e rmo lecu l a r  bonds of the c r y s t a l  la t t ice  with blood p lasma.  Invest igat ion of the kidneys,  for  ins tance,  
r evea l ed  the p r e s e n c e  of welding ae roso l  dust in the u l t r a s t r u c t u r e s  of the p rox imal  division of the con-  
voluted tubules.  The c r y s t a l s  obse rved  he re  were  typical  in shape,  with c i r cu l a r  a r e a s  of t r ans lucency  in 
the ma t r i x .  

In inhalation expe r imen t s  ~ e  c r y s t a l s  pene t ra ted  not only through the a i r -b lood  b a r r i e r  into the 
lumen of the blood ves se l ,  but also into u l t r a s t r u c t u r e s  of the a lveo la r  cel ls  and into the ground subs tance  
of the connect ive  t i s sue  of the a lveo la r  septa.  For  example ,  copper  oxide c r y s t a l s  and c r y s t a l  complexes  
were  found in the saccu la r  di latat ions of the endoplasmic  re t i cu lum of l a rge  a lveo la r  ce l l s ,  a longside or  
within the mi tochondr ia .  Well m a r k e d  changes v~ere found not only in the externa l  m e m b r a n e ,  at the s i tes  
of  pene t ra t ion  of the pa r t i c l e s ,  but also in the m a t r i x  and c r i s t ae .  

After  inhalat ion of a condensat ion a e r o s o l  of copper  oxide dust by expe r imen ta l  an ima l s  for  3 h, c r y s -  
ta ls  w e r e  thus obse rved  to pene t ra te  through all components  of a i r -b lood  b a r r i e r .  In addition, it was found 
that f rom 60 rain to 24 h a f t e r  inhalation, c r y s t a l s  a r e  p re sen t  in the u l t r a s t r u c t u r e s  of the a lveo l a r  ce l l s  
and ground subs tance  of the connect ive t i s sue  of the a lveo la r  septa .  Migrat ion of c r y s t a l s  of copper  oxide 
ae roso l  f rom the alveol i  into the lumen of cap i l l a r i e s  in m o s t  c a s e s  takes  place by cy topems i s .  The pos s i -  
bil i ty of o ther  m e c h a n i s m s  of penet ra t ion  of dust pa r t i c l e s  cannot be ru led  out. In the cou r se  of the expe r i -  
men t  changes take place due to d is turbance  of cap i l l a ry  pe rmeab i l i ty ,  leading to edema and swell ing of the 
u l t r a s t r u c t u r e s  of the lung cel ls .  
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