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Inhalat ion of pyr idine in a concentra t ion of 0.015 r a g / l i t e r  by expe r imen ta l  r a t s  causes  in- 
hibition of  lipid fo rma t ion  in the pneumocytes  during the f i r s t  6 days of the exper iment ,  with 
a d e c r e a s e  in p ro te in  synthesis  by the ce l l s  and in the content of phospholipids in the s u r -  
factant.  La te r  (12th-24th day) signs of adaptat ion appear ,  followed by compensa t ion  of the 
toxic e f fec ts  on the high level  of phospholipid fo rmat ion  by the pneumocytes  and of the lipid 
content of the sur fac tant .  After  36 days of the expe r imen t  the f ea tu res  of decompensat ion  
gradual ly  i nc r ea s e  in sever i ty ,  with a sha rp  dec rea se  in the phospholipid content in the a l -  
veo la r  ce l l s  and in the su r f ace -ac t ive  lining of the alveoli .  

Exposure  to f ac to r s  producing changes in the su r f ace - ac t i ve  lining of the alveoli  of the lungs, in- 
cluding the inhalat ion of toxic subs tances ,  has  r e ce ived  little study [4, 5]. 

In the inves t igat ion desc r ibed  below the effect  of inhalat ion of a chemica l  product  in a subtoxic con- 
cent ra t ion  on the s tate  of the surfac tant  was studied in chronic  exper iments .  

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

E x p e r i m e n t s  were  c a r r i e d  out on 45 female  albino r a t s  of the same  age and weight, 10 of which were  
used as the control .  Daily except  at weekends 35 r a t s  were  p laced for  5 h in an inhalation chamber  where  
they were  exposed  to pyridine in a concentra t ion of 0.015 m g / l i t e r .  This  compound is highly volati le and 
l ipotropic ,  and a t  the s ame  t ime its  ni t rogen a tom with a double bond endows it with some degree  of hydro-  
phil ici ty.  During the f i r s t  6 days of the exper imen t  2 r a t s  were  sac r i f i ced  on a l t e rna te  days (by decapi ta-  
tion) and l a te r  2 r a t s  we re  sacr i f iced  each week. T o s t u d y  regenera t ion ,  10 r a t s  were  left  intact.  To a s s e s s  
the s ta te  of the su r fac tan t  in the exper imen ta l  an ima l s  thei r  phospholipid content was de te rmined  by ex- 
t r ac t ion  f rom the washed lungs with ch lo ro fo rm and m e t h a n o l - c h l o r o f o r m  in the r a t io  of 1:1 [3]. After  
centr i fugat ion p a r t  of the ex t r ac t  was concent ra ted  by evapora t ion  and invest igated by luminescence  c h r o m a -  
tography in a thin l aye r  with development  by rhodamine  and coriphosphine [11]. The tes t  subs tances  were  
identified by the i r  Rf  va lues ,  using leci thin as the s tandard.  Quanti tat ive analys is  was c a r r i e d  out by ca l -  
culation f rom the a r e a  of the stains de te rmined  by p lan ime t ry  [8]. The s ta t i s t i ca l ly  significant background 
(control) value was taken as 1. To conf i rm the r e s u l t s  of the ch romatograph ic  analys is ,  the p r e sence  and 
quantity of leci th in  ex t r ac t ed  f rom the sur fae tan t  were  de te rmined  on the SF-4A spec t ropho tomete r  f rom 
the c h a r a c t e r  of i t s  u l t r av io le t  absorpt ion.  The study of the components  of the surfae tant  was comple ted  
by obse rva t ion  of: the content  of phospholipids in the la rge  a lveolar  cell .  To detect  phospholipid granules  
and to count them the sec t ions  were  t r ea t ed  with 3 ,4-benzpyrene  [6]. Sections were  cut in the same a r e a s  
of the lungs f rom all  lobes ,  and the number  of granules  in 100 pneumocytes  was counted and compar ed  with 
the control  va lues ,  the r e s u l t s  being e x p r e s s e d  as a percentage .  The c h a r a c t e r  of granulat ion was a lso  
noted. The c o r r e l a t i o n  between lipid fo rmat ion  and prote in  synthes is  in the cel ls  was  de te rmined  at  the 
t r ansc r ip t ion  level ,  with r e f e r e n c e  to RNA detected by a l uminescence -cy tochemica l  method by staining 
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Fig. 1. Content of phospholipids in sur fac tan t  during inhalation 
of pyridine:  1) sphingomyelin,  2) cephalin,  3) lecithin. Absc i s sa ,  
days of exper iment ;  ordinate ,  quantity of phospholipids ca lcula ted  
f rom c h r o m a t o g r a m  (control  1). 

Fig. 2. State of phospholipid fo rmat ion  and RNA content in pneu- 
m ocy t e s  during inhalation of pyridine:  1) intensi  W of luminescence  
of RNA de te rmined  f rom optical  densi ty of its absorpt ion;  2) con- 
tent of phospholipid granules  (in pe rcen t  of control).  Absc i s sa ,  
days of exper iment ;  ordinate:  left) phospholipid fo rmat ion  (in p e r -  
cent); right) optical  densi ty  of f i l te r  at k = 640 rim. 

with acr idine  orange.  The RNA content was e s t ima ted  f rom the optical  densi ty of absorpt ion  of i ts  lumi-  
nescence  as m e a s u r e d  with f i l t e r s  at 9~ max  = 640 nm [1]. Only r e su l t s  fo r  which the difference was s ig-  
nif icant  (P < 0.05) a re  given. 

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

On the 2nd day a f te r  the expe r imen t  began a dec rease  in the sphingomyelin content to 0.5 of the con- 
t ro l  value, leci thin to 0.6, and cephalin to 0.8 was obse rved  in the composi t ion  of the phospholipids of the 
sur fac tan t  (Fig. 1). On examinat ion of the sect ions  under  the m i c r o s c o p e  this t ime  the number  of gra ins  of 
phospholipids in the a lveolar  cel ls  was reduced  to 60% of the control  and the intensi ty of luminescence  of 
RNA was weakened to 0.75 de te rmined  f rom the optical  densi ty of absorpt ion  (Fig. 2). During the next  2 
days the content of phospholipids in ex t r ac t s  f rom the su r f ace -ac t ive  l aye r  of the alveoli  continued to fall,  
and on the 6th day a f te r  the expe r imen t  began it was 0.1 for  sphingomyel in  and 0.4 for  cephalin.  Leci thin 
at this t ime  (4th-6th days) could not be found on the c h r o m a t o g r a m s  or by spec t ropho tome t ry  of the ex t r ac t s .  

The level  of lipid fo rmat ion  in the ce l l s  on the 4th day r ema ined  the same  as before  but the intensi ty 
of luminescence  of RNA was reduced  by 5%. On the 6th day an inc rease  in the phospholipid content in the 
pneumocytes  to 80% and an inc rease  in the intensi ty of luminescence  of RNA to 0.75 on the bas i s  of the op- 
t ica l  density of absorp t ion  were  found. This  t ime in te rva l  (the 6th day and la ter)  was the c r i t i ca l  per iod  
for  the s tate  of the surfac tant ,  for  it was followed by an inc rease  in the phospholipid content. On the inves -  
t igat ion of c h r o m a t o g r a m s  and e luates  and on spec t ropho tomet ry  of the washings  (with ch loroform)  f r o m  
the su r face  of the alveoli  on the 12th day leci thin was found to have appeared  and the content of sphingo- 
myel in  and cephalin was inc reased .  At the same  t ime the phospholipid fo rma t ion  in the a lveo la r  ce l l s  
r e ached  the level  obse rved  in the intact an imals .  The subsequent  weeks were  c h a r a c t e r i z e d  by a continued 
r i s e  in the phospholipid content in the su r f ace -ac t i ve  lining of the alveoli ,  while the content of l ipid gran-  
ules  in the cel ls  was higher than that  obse rved  in the control  an imals .  At the s ame  t ime changes also took 
place in the s tate  of the RNA and the intensi ty of the luminescence  inc reased  in the per iod  f rom the 12th 
to the 18th day to 0.85 as de te rmined  f rom the absorp t ion  density,  but l a t e r  it began to fal l  slowly to 0.7 
(36th-48th days of the exper iment ) ,  and u l t imate ly  to 0.65 by the end of the exper imen t .  

The s ta te  of the s u r f a c e - a c t i v e  l ayer  of the alveoli  a f t e r  inhalation of pyr id ine  for  24 days was c h a r a c t e r -  
ized by re la t ive  s tabi l i ty  for  cephalin,  the content of which did not begin to fal l  until  a f t e r  the 48th day. 
The leci thin level  in the surfactant ,  on the other  hand, began to fall  e a r l i e r  - a f t e r  the 42nd day. The con- 
tent  of sphingomyelin r o s e  f rom the 18th to the 42rid day of the exper iment ,  a f t e r  which a tendency was ob- 
se rved  for it to fal l  s lowly until  the end of the exper iment .  
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Considerable  changes in phospholipid product ion in the pneumocytes  took place af ter  the f i r s t  24 days 
of the exper iment .  In the following week granule fo rmat ion  fell  to 90%, at which level  i t  r ema ined  until the 
36th day, a f te r  which it fel l  fa i r ly  rap id ly  to r e a c h  60% by the end of the exper iment .  

The following in te rpre ta t ion  can be given for  these  r e su l t s .  The inhaled pyridine,  enter ing the lungs, 
eas i ly  pas sed  through the l ip .p ro te in  f i lm of sur fac tan t  because  of its p h y s i c . c h e m i c a l  p r o p e r t i e s  ( l ip . -  
t r op i sm  combined with r e l a t i ve  hydrophilicity) and pene t ra ted  rap id ly  through the p l a s m a l e m m a  into the 
in te r io r  of the a lveo la r  ce l l s .  On the f i r s t  days of inhalation the subtoxic doses of this compound were  too 
much for  the detoxicat ing powers  of the m i c r o s o m a l  sys t em of the pneumocytes ,  with resu l t ing  sp read  of 
toxic ef fec ts  to other  e n z y m e - c a r r y i n g  s t ruc tu re s  and, in pa r t i cu la r ,  the endoplasmic  re t i cu lum.  This  was 
immedia t e ly  r e f l ec t ed  in metabo l ic  functions,  for  the components  of the smooth and rough re t i cu lum,  like 
the m i c r o s o m e s  t hemse lves ,  play an impor tant  ro le  in phospholipid synthes is  [7, 9, 10]. Inhibition of ac -  
t ivi ty  of the l ipid m e t a b o l i s m  enzymes  of the l a rge  and sma l l  a lveola r  ce l l s  c h a r a c t e r i z e d  the stage of a 
sha rp  dec r ea se  in the content  of chol ine-containing phospholipids in the surfac tant  (2nd-6th days of the ex-  
per iment)  and of a m a r k e d  dec rease  in the phospholipid content in the pneumocytes  during the f i r s t  4 days 
of the exper imen t .  The com para t i ve l y  high level  of cephalin in the lipids of the sur fac tan t  can be explained 
by the spec ia l  nature  of i ts  me tabo l i sm:  the cephal in p r e c u r s o r  - d imethylethanolamine - is renewed much 
quicker  in the t i s sues  than choline [2]. 

The next  s tages  in the change in composi t ion of the sur fac tan t  and in lipid fo rmat ion  by the pneumo-  
cytes  a r e  r e g a r d e d  as evidence of adaptat ion to the toxic effect  and of abi l i ty to mainta in  that  s tate (com- 
pensation).  During continuation of exposure  to the toxic substance  they a re  followed by decompensat ion  of 
functions.  

The  phenomena of adaptat ion to continued inhalation of pyridine and re la t ive  s tabi l izat ion of the su r -  
f ace -ac t ive  l a y e r  of the a lveol i  a re  connected p r i m a r i l y  with i nc rea sed  functions of the m i c r o s o m a l  sys t em 
of the pneumocytes ,  for  th is  sys t em is r espons ib le  for  detoxication and it plays an impor tan t  ro le  in the 
syn thes i s  of phospholipids .  These  p r o c e s s e s  were  r e f l ec ted  in the fac t s  obse rved  in the expe r imen t  between 
the 6th and 30th days:  a r ap id  inc rease  in lipid fo rmat ion  in the a lveolar  cel ls  and an inc rease  in the phos-  
pholipid content in the sur fac tant .  

The phenomena dist inguishing the subsequent  state of the a lveo la r  t i ssue  dese rve  attention. As the 
e x p e r i m e n t  showed, during this shor t  per iod (24th-42nd days) ave rage  leve ls  of the phospholipid content in 
the s u r f a c e - a c t i v e  l aye r  and a dec rease  in the l ip id-synthet ic  act ivi ty  of the pneumocytes  were  observed .  
Since both phenomena a re  c lose ly  connected with the functions of the endoplasmic  re t i cu lum of the cyto-  
p la sm,  the i r  c h a r a c t e r  can evidently be explained by insuff ic iency of the p r o c e s s  of fo rmat ion  of new m e m -  
b r a n e s  of the r e t i cu lum in the a lveolar  cel ls  damaged  by exposure  to the poison. Changes in RNA obse rved  
in the e x p e r i m e n t  conf i rm this conclusion. Consequently,  for  the m e c h a n i s m  of compensa t ion  of the toxic 
e f fec ts  to be main ta ined  at  a sufficiently high level  in te rac t ion  m u s t  take place between fac to r s  including 
those s t imula t ing  the p ro te in - syn the t i c  act ivi ty Of the cel ls .  In the expe r imen t  desc r ibed  above, with con- 
tinued inhalation of pyr idine this in teract ion was insufficient .  

In the group  of expe r imen ta l  an imals  left  for  observa t ion  on the r e c o v e r y  per iod,  i m p r o v e m e n t  of the 
metabo l ic  ac t iv i ty  of the a lveo la r  ce l l s  was obse rved  by the end of the f i r s t  week a f te r  the inhalation had 
stopped. Phosphol ip id  fo rmat ion  in the pneumocytes  ro se  to 75%, and the content of lecithin and cephalin 
in the su r fac tan t  i n c r e a s e d  to 0.6. By the end of the 2rid week the intensi ty  of luminescence  of RNA had in- 
c r e a s e d  to 0.8 as  de te rmined  f rom the optical  densi ty  of absorpt ion,  the cephalin level  in the sur fac tan t  had 
r eached  0.8, the level  of the other  phospholipids 0.75, and lipid fo rmat ion  in the ce l l s  had inc reased  to 80%. 

Final  r e s t o r a t i o n  of the normal  functions of the a lveo la r  ce l l s  of the lungs t es ted  occu r r ed  in these 
an imals  by the end of the f i r s t  month. 

No c l in ica l  s igns of d i sease  were  observed  in any of the expe r imen ta l  an imals  during the per iod  of 
the exper iment .  
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