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During prolonged (up to 60 days) inhalation of an ae roso l  of anthracene oil in a concen t r a -  
tion of 100 m g / m  3 by ra ts ,  success ive  phases  of  depress ion,  adaptation, and inc reas ing  
damage  were  observed,  as revealed  by changes in sorpt ion of neutra l  red  and in the content 
of anthracene oil in the lung t i s sues .  

Biological  se l f - regula t ing  s y s t e m s  a re  cha rac t e r i zed  by fluctuations of the i r  functional act ivi ty at 
dif ferent  levels ,  at the molecu la r  and organ level ,  and at the level  of the o rgan i sm as a whole [4-6]. With 
an i nc r ea se  in the s t rength  of a s t imulus ,  o r  with predominance  of ac t iva tors  or  inhibi tors  of metabol ic  
reac t ions ,  the dynamic equi l ibr ium is disturbed,  and the phases  of the fluctuations become aperiodic  and 
p r o t r a c t e d  in t ime  [3, 7]. 

The effect  of subtoxic f ac to r s  at the ce l lu la r  level  was studied in the invest igat ion desc r ibed  below. 

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

Exper imen t s  were  c a r r i e d  out on 80 noninbred female  ra t s  weighing 170-180 g. Fo r  per iods  of 6 h 
daily for  60 days the an imals  inhaled an aeroso l  of hydrocarbons  f r o m  the heavy  f rac t ion  of a s tandard  
coal sample  (anthracene oil - AO) in a concentra t ion of 100 m g / m  3. Changes in the functional s tate of the 
lung t i s sue  cel ls  were  a s s e s s e d  in re la t ion  to the degree  of vi ta l  sorpt ion and granulat ion of the dye neutra l  
red  and the content of AO in the t i s sues .  Neutra l  red was used in a 0.01% concentra t ion  in s o d a - f r e e  
R inge r ' s  solution. Sorption of neut ra l  red was obse rved  in vi t ro ,  and some t imes ,  in o r d e r  to conf i rm the 
resu l t s ,  in vivo by Romanov ' s  method [2]. The degree  of sorpt ion was obtained by invest igat ion of an 
alcoholic ex t r ac t  on the SF-4A spec t ropho tomete r ,  and was e x p r e s s e d  as a pe rcen tage  of sorpt ion  of the 
control  t i ssue.  The s tate  of granule  format ion  was a s s e s s e d  by mic roscop ic  examinat ion of sect ions  of 
the lungs, with counting of the num ber  of cel ls  containing granules  and the number  of granules  in them. 
The content of AO and its metabol i tes  in the lung p a r e n c h y m a  was de te rmined  by t h in - l aye r  ch romatography  
by Stahl ' s  method [8], with examinat ion  of the absorpt ion spec t rum of the eluates  on the spec t rophotometer .  
The f i r s t  th ree  ra ts  were  decapi tated 24 h af ter  the beginning of the exper iment ,  and subsequently one o r  
two ra t s  were  sac r i f i ced  eve ry  2-3 h. The resu l t s  were  analyzed by s ta t i s t ica l  methods.  Dif ferences  were  
r ega rded  as significant  i f  P < 0.05. 

R E S U L T S  

At no t ime  during the inhalation were  v is ib le  signs of  poisoning obse rved  in the exper imenta l  animals .  
Not until the end of the exper imen t  was r e sp i r a t ion  of some ra t s  in te r rupted  by occas ional  bouts of cough- 
ing. Inhalation of the AO aeroso l  in a subtoxie concentra t ion produced a marked  dec r ea se  in sorpt ion  of 
neut ra l  red by the pa renehymatous  cel ls  of the lungs af ter  24 h (Fig. 1). Sorption of the dye on the fourth 
day was at a min imum (67%), and a marked  dec r ea se  in granule fo rmat ion  was obse rved  under  the m i c r o -  
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Fig. 1. State of lung t i s sues  during inha-  
lat ion of ae roso l  of hydrocarbons  of the 
heavy coal f ract ion:  1) sorpt ion  of the dye 
neut ra l  red; 2) content  of anthracene oil in 
the t i s sues .  Abscissa :  t ime (in days); o rd i -  
nate:  a) AO content ( in t tg /g  f resh  t issue);  
b) content of  dye (in % of control) .  

scope:  the number  of cel ls  containing granules  was 70 • 
3% p e r  field of vision, and granules  in the cy top lasm were  
smal l  and few in number .  At the s ame  t ime,  AO began to 
accumula te  in the lungs - l e s s  than 1 ~ g / g  f r e sh  t issue.  
Af te r  the fourth day f r o m  the beginning of the exper iment ,  
a gradual  i nc rea se  in granule fo rmat ion  and in the degree  
of sorp t ion  of the dye was observed.  On six success ive  days  
the number  of cel ls  containing granules  rose  to 85 =~2%, 
and the degree  of sorpt ion of neutral  red inc reased  to 90%. 
The AO content in ex t rac t s  f r o m  the lung t i s sues  began to 
dec rea se ,  and i ts  metabol i tes  of quinone c h a r a c t e r  began 
to appear  in the eluates .  These f igures  showed subs tan-  
t ial  changes on the 12th day; sorpt ion  of neutra l  red was 
i nc rea sed  by 100%, the AO content in the lung t i s sue  was 
inc reased  by a lmos t  th ree  t imes ,  and the re la t ive  p r o p o r -  
tion of phenolquinones and d ihydroanthracenes  was in-  
c reased .  This level  of cell  activity r ema ined  re la t ive ly  
s table  until the 18th day, although a tendency was ob se rv ed  
for  the sorpt ion of dye to inc rease ,  and for  some de c r ea se  
in the degree  of granule  fo rmat ion  to take place.  Next day 
a rapid change occu r r ed  in the cell  functions. The sorpt ion  

curve  of neu t ra l  red ro se  sharp ly  during the next th ree  days, to 127%, the number  of granule-conta in ing 
cel ls  fell to 40 • and the AO content in ex t r ac t s  of lung t i s sues  increased.  The phenomena p r o g r e s s e d  
in the subsequent  cou r se  of the exper iment .  The AO content in the ex t rac t s  by the end of the expe r imen t  
reached  7.2 •  t~g/g f resh  t i ssue ,  ref lect ing i ts  accumulat ion in the lungs. In the second half  of the 
expe r imen t  ha rd ly  any neutra l  red granule  fo rmat ion  was observed ,  but it  was rep laced  by diffuse sorpt ion  
of the dye. The quantity of neut ra l  red undergoing sorpt ion  reached  150% on the 60th day. 

The phenomena  obse rved  during the course  of the expe r imen t  thus developed in th ree  succes s ive  
phases .  The f i r s t  phase  was cha r ac t e r i z ed  by depress ion  of cell  functions f r o m  the beginning of inhalation 
until  the fifth day. Inhalation of the hydroca rbon  ae roso l  during this per iod  evidently led to d i so rgan iza -  
t ion of the in t r ace l lu l a r  medium of pa renchymatous  cel ls  of the lungs, as a resu l t  of which the i r  enzyme 
act ivi ty was reduced. This was shown by a d e c r e a s e  in the ability of the cel ls  to fo rm granules  of dye and 
by the accumulat ion of AO in the lung t i s sues .  

The second phase ,  the initial  phenomena of which were  found af ter  the fifth day of the exper iment ,  was 
c h a r a c t e r i z e d  by reac t iva t ion  of the cel l  function ( increasing granule  fo rmat ion  and an i nc rea se  in the s o r p -  
t ion of dye up to the control  level ,  with the appearance  of AO metabol i tes) .  These  fea tu res  were  p a r t i c u -  
l a r l y  conspicuous on the 9th-12th day f rom the beginning of inhalation, and they were  re la t ive ly  s tabi l ized 
for  the next  6 days.  During this t ime  interval ,  continued inhalation of the AO aeroso l  was unaccompanied 
by i ts  accumulat ion in the lung t i s sues ,  demons t ra t ing  the inc reased  cell  enzyme activity to r ende r  the 
fore ign p roduc t  h a r m l e s s .  This p r o c e s s  as a whole can be desc r ibed  as a manifes ta t ion  of the adaptive 
powers  of the pa renchymatous  cel ls  of the lungs. 

In the l a s t  phase  of the cell  r eac t ions  to prolonged adminis t ra t ion  of AO, which began a f te r  the 18th 
day of inhalation, s igns of injury gradual ly  developed. The slow approximat ion  of the curves  of neut ra l  red 
sorpt ion  and of the AO content in the lung t i s sue s  at a high level ,  demons t ra t ed  during this phase ,  i l lu-  
s t r a t e s  the increas ing  inabili ty of the cel ls  to r e s i s t  the toxic action. At the same t ime,  the level  of s o r p -  
t ion of the dye showed a modera te  degree  of s t ruc tu ra l  change in the pa renchymatous  cel ls  of the lung, 
so that  for  a shor t  per iod they were  in a s ta te  of r e v e r s i b l e  injury.  

However,  this  was sufficient  to d e p r e s s  the enzyme activi ty of  the cel ls ,  as was demons t ra t ed  during 
this  phase .  

Under the influence of inhalation of toxic hydrocarbons ,  p r i m a r y  inhibition of cell  act ivi ty (the phase 
of inhibition) is observed ,  followed by signs of reac t iva t ion  (the phase of adaptation).  If inhalation of the 
toxic products  continues this is followed by a phase of inc reas ing  injury.  
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