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The u l t r a s t r u c t u r a l  f ea tu res  of ce r t a in  components  of the lung t i s s u e s  were  studied in g e r m -  
f ree  and o rd ina ry  r a t s .  The lumen of the cap i ] la r ies  in the lungs of the g e r m - f r e e  r a t s  was 
s m a l l e r  than in o rd ina ry  an imals ,  and the g r o s s l y  di lated m i c r o v e s s e l s  found in the lungs 
of o rd ina ry  r a t s  we re  total ly absent .  Many mi tochondr ia  of the a lveo la r  epithel ial  cel ls  in 
the lung~ of the g e r m - f r e e  an imals  di f fered f r o m  mi tochondr ia  of o rd ina ry  r a t s  in the i r  
l a r g e r  s ize ,  and the a r r a n g e m e n t  of the thickened c r i s t a e .  A study of the a lveo la r  m a c r o -  
phages  in the g e r m - f r e e  r a t s  showed that  p r i m a r y  l y s o s o m e s  w e r e  m o r e  numerous  than 
secondary .  The u l t r a s t r u c t u r a l  f ea tu res  dist inguishing the lung t i s sue  of g e r m - f r e e  ani-  
ma l s  thus r evea l ed  were  a s soc ia t ed  with components  involved at the subce l lu la r  level  in 
the r e s p o n s e  of the host  to m i c r o b i a l  action.  
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Inves t iga t ions  a t t he  cel l  level  have shown significant  s t r u c t u r a l  and functional d i f fe rences  between 
g e r m - f r e e  and o rd ina ry  an imals ,  pa r t i cu l a r l y  in o rgans  and s y s t e m s  that  under  n o r m a l  conditions a re  
exposed  to m i c r o b i a l  action [1, 3, 5, 9, 10]. However ,  few invest igat ions  have so f a r  been made of the 
u l t r a s t r u c t u r e  of the t i s s ue s  of g e r m - f r e e  an imals  [4, 8, 11]. An invest igat ion was accordingly  c a r r i e d  out 
to study the u l t r a s t r u c t u r e  of the a lveo l a r  epi thel ium,  the cap i l l a r i e s ,  and the m a c r o p h a g e s  of the lungs 
in g e r m - f r e e  ra t s ,  a subjec t  that  has  so f a r  r ema ined  a lmos t  unstudied.  

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

G e r m - f r e e  and o rd ina ry  inbred AG-49 Wis t a r  r a t s  aged 10 months  were  used.  The animals  were  
obtained f rom the Cent ra l  Inst i tute of L a b o r a t o r y  Animals  (Hannover,  West Germany)  and kept in T r e x l e r  
i s o l a t o r s .  The an imals  were  fed and the mic rob io log ica l  contro l  was se t  up in the usual  way [12, 13]. 
Heal thy an imals  of the same  line kept under  the same  conditions were  used  in the control  expe r imen t s .  
P ieces  of  lung t i s sue  for  e l e c t r o n - m i c r o s c o p i c  study were  taken f rom the h i l a r  zone immedia t e ly  a f t e r  
the an imals  had been anes the t ized  with e the r ,  they were  fixed in the cold by Pa l ade ' s  method,  dehydrated 
in alcohol and acetone,  and embedded  in Ara ld i te .  Sections were  cut on the LKB u l t r a tome ,  s tained with 
sa l t s  of  heavy m e t a l s ,  and examined  in the IEM 7A e l ec t ron  m i c r o s c o p e .  

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

A study of the u l t r a s t r u c t u r e  of the a lveo l a r  cap i l l a r i e s  of the lungs f rom an o rd ina ry  ra t  showed 
that  mos t  of  them v a r i e d  in the s ize  of t he i r  lumen and the n u m b e r  of blood ce l l s  that  they contained. C o r -  
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Fig. 1. U l t r a s t ruc tu r a l  f ea tu res  of m a c r o p h a g e s  and mi tochondr ia  
of a lveo la r  epi thel ia l  ce l l s  f rom the lungs of an o rd ina ry  (a, b) and 
a g e r m - f r e e  (c, d) rat :  a) phagosomes  in the cy top lasm of a pul -  
m o n a r y  macrophage  (12,750 x); b) mac rophage  in a lveo la r  space of 
the lung of a g e r m - f r e e  ra t ,  pseudopodia hardly  vis ible  on its s u r -  
face,  and in the cy top lasm p r i m a r y  l y s o s o m e s  are  much m o r e  nu- 
m e r o u s  than phagosomes  (15,000 x ); c) mi tochondr ia  in a la rge  a lveo la r  
cell  f rom the lung of an o rd ina ry  rat :  (34,275 x ) ; d ) l a r g e  a typica l  
mi tochondr ion f rom a large a lveo la r  cei l  in the lung of a g e r m - f r e e  
ra t  with e r i s t a e  1.5-2 t i m e s  th i cke r  than in the control  (75,000 x) .  

responding to these  fea tu res ,  the cap i l l a r i e s  could be divided conventionally into th ree  groups.  The mos t  
numerous  group cons is ted  of cap i l l a r i e s  with a lumen 6-8 # in d i ame te r .  They usual ly  contained 1 or  2 
blood ce l l s .  The second group of cap i l l a r i e s  had an unusually la rge  lumen for  the no rma l  an imal  (11-12 
in d iamete r )  and they contained more  blood cel ls ,  chiefly leukocytes .  Many cap i l l a r i e s  contained f rom 7 
to 11 red  and white blood ce l l s .  The l a t t e r  were  the m o r e  numerous  and they cons is ted  of neutrophil ic  
g ranulocytes ,  lymphocytes ,  and eos inophi ls .  Finally,  the th i rd  group cons is ted  of a lveo la r  cap i l l a r i e s  with 
a lumen not exceeding 6 ~ in d i a m e t e r  and, as a rule ,  containing no fo rmed  blood ce i l s .  

The study of the u l t r a s t r u c t u r e  of the lungs of the g e r m - f r e e  r a t s  showed that,  by con t ras t  with the 
lungs of o rd ina ry  r a t s ,  only 2 groups of a lveo la r  cap i l l a r i e s  could be identified. Alveo la r  cap i l l a r i e s  with 
a lumen ranging f rom 3 to 7 g in d i a m e t e r  fo rmed  a la rge  group. Blood cel ls  were  l ess  frequently seen 
in the lumen of these  cap i l l a r i e s  than in the lumen of the pu lmonary  cap i l l a r i e s  of an o rd ina ry  ra t .  Hal f -  
c losed cap i l l a r i e s  with a lumen 1.7# in d i a m e t e r  and s l i t - l ike  cap i l l a r i e s  (lumen 0.7#,  Fig, la)  can be 
c l a s sed  in the second group. Hardly  any a lveo la r  cap i l l a r i e s  with a la rge  lumen and many  leukocytes  in 
it were  thus found in the lungs of the g e r m - f r e e  r a t s .  
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Alveolar  macrophages  in o rd inary  ra ts  were found to the number  of I o r  2 pe r  a lveolar  space,  u s -  
ual ly close to the a i r - b l o o d  b a r r i e r .  On the surface of most  macrophages  many pseudopodia, folds, and 
invaginations were observed,  and the i r  cytoplasm contained many p r i m a r y  lysosomes ,  a wel l -developed 
Golgi apparatus,  and phagos0mes.  The number  of p r i m a r y  lysosomes ,  calculated per  a rea  of section,  
var ied  f rom 26 to 30 and the number  of secondary  lysosomes  or  phagosomes var ied  from 4 to 9.  The p r i -  
m a r y l y s o s o m a l g r a n u l e s  va r i ed in  size f rom 0.2 to 0.8#,  and the secondary  var ied  f rom 1 to 1.6g (Fig. 
la ) .  

Fewer  macrophages  were found in the alveoli  of the lungs of the g e r m - f r e e  ra ts  than of the ord inary  
ra ts ,  and the i r  surface  contained fa r  fewer  folds and cytoplasmic outgrowths.  These  cel ls  contained approx-  
imately  1.6 t imes  more  p r i m a r y  lysosomes  (from 40 to 47) and about half  the number  of phagosomes (from 
1 to 6) compared  with macrophages  f rom the lungs of o rd inary  animals .  The lysosomes  var ied  in size 
f rom 0.1 to 0.6 p. The d i ame te r s  of the phagosomes (from 1 to 6) were  0.5-0.6 # (Fig. lb) .  The a lveolar  
maerophages  f rom the lungs of the g e r m - f r e e  r a t s  were  thus dist inguished by the i r  lower functional ac-  
t ivi ty than phagocytic ce l ls  of the same type in the lungs of o rd ina ry  r a t s .  

Mitochondria were few in number  in the smal l  a lveolar  cel ls  of the lungs of the ord inary  ra ts ,  and 
in size they did not exceed  0.5-0.8~ longitudinally and 0.3~ t r an sv e r se ly .  T r a n s v e r s e  c r i s tae  could be 
seen in the modera te ly  dense mitochondria l  ma t r ix .  Mitochondria were  fa i r ly  numerous  in the large alveo-  
l a r  cel ls ,  and in shape they were oval or  rod- l ike .  The length of the oval mi tochondr ia  did not exceed 0.5- 
0.8# and that of the rod-shaped  mi tochondr ia  var ied  f rom 0.8 to 2.5p (Fig. lc ) .  

The mitochondr ia  of most  cel ls  of the a lveola r  epi thel ium of the lungs f rom the g e r m - f r e e  rats  were 
somewhat l a r ge r .  Regular ly  a l ternat ing rounded depress ions  and project ions  were often seen on the su r -  
face of many of them,  by cont ras t  with the mitochondr ia  of o rd inary  ra t s .  Sometimes mitochondria  with 
a d i ame te r  up to 1.3# could be seen in the small  a lveolar  cells;  this is 3-5 t imes  g r e a t e r  than the d iamete r  
of the o rd inary  mitochondrion (0~ In addition, an atypical  a r rangement  of the thickened c r i s tae  
was found in these mitochondria .  The rod-shaped  mitoehondr ia  in the large a lveolar  cel ls  attained a length  
of 3p,  about 1.5-2 t imes  longer than the mi tochondr ia  of the large a lveolar  cel ls  of ordinary  ra ts  (Fig. ld).  

Comparat ive  investigation of the lungs of g e r m - f r e e  and ord inary  animals revealed  gross ly  dilated 
a lveolar  capi l la r ies ,  packed with leukocytes ,  in the la t te r .  The d iamete r  of the capi l lar ies  in the lumen 
should not exceed  6-7p [2, 7]. Accordingly this state of the capi l la r ies  can be descr ibed  as parapatholog-  
ical .  The microb ia l  f lora  evidently p lays  an important  role in the appearance of such capi l la r ies ,  for  this 
ca tegory  of m i c r o v e s s e l s  is not seen in the lungs of g e r m - f r e e  ra t s .  These findings are in agreement  
with the observat ions  of Kenworthy [6], who found a mild "physiological"  inflammation caused by constant 
in terac t ion  between the intest inal  t is  sues and the surrounding m ic ro  f lora  in the intest ine of o rd inary  animals .  
In g e r m - f r e e  ra t s ,  moreove r ,  mos t  of the a lveola r  capi l la r ies  had a lumen of sm a l l e r  d iamete r  than the 
pulmonary capi l la r ies  of o rd inary  animals .  These observat ions are  in agreement  with those of Gordon 
[4], who observed  a lower s troke volume of the hear t  and s lower  blood flow in the organs of g e r m - f r e e  ra ts .  
The study of the u l t r a s t ruc tu re  of the a lveolar  macrophages  in g e r m - f r e e  rats  showed that p r im a ry  lyso-  
somes a re  more  numerous  than secondary .  These  resu l t s  agree with those descr ibed  in the l i t e ra ture  [8]. 
Meanwhile, the morphological  fea tures  of increased  functional activity found in the a lveolar  macrophages  
of the lungs of o rd inary  ra t s  conf i rm the role of the saprophytic  microb ia l  f lora  in the changes observed  
in a cer ta in  propor t ion of the a lveolar  capi l la r ies .  Differences in the u l t r a s t ruc tu re  of the lung t issue of 
g e r m - f r e e  and o rd ina ry  animals revea led  by these exper iments  are  connected with components involved 
at the subcel lu lar  level  in the response  of the host to mic rob ia l  action. 
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