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The l iver  and spleen of gnotobiotic Wis ta r  r a t s  were  studied by h i s tochemica l  methods  and the 
l iver  e l e c t r o n - m i c r o s c o p i c a l l y .  Under g e r m f r e e  conditions of exis tence  of the animal  the suc-  
cinate dehydrognnase and nonspecif ic  e s t e r a s e  act ivi ty  in the l iver  dec reased ,  fat ty  infi l t rat ion 
of the cy top lasm of the hepatocytes  and Kupffer  ce l l s  increased ,  and some of the ce l l s  developed 
fat ty degenerat ion.  Meanwhile acid phosphatase  act ivi ty  and the number  of l y sosomes  increased  
in the b i l ia ry  poles of the hepatocytes ,  whereas  in the spleen des t ruct ion of e ry th rocy t e s  and the 
l iberat ion of f r ee  iron and pigments ,  which s t imulate  the excre t ion  of bile in g e r m f r e e  animals ,  
were  increased .  
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Gnotobiotic conditions have been shown to have a ma rked  action on an imals  [1, 4, 9, 11]. The s t ruc tu re  
of those organs  of g e r m f r e e  an imals  which, under n o r m a l  conditions, a re  in contact  with the m i c r o f l o r a  and its 
metabol ic  products ,  show the g r e a t e s t  changes .  Significant d i s turbances  have been observed,  above all, in 
organs  of the lymphoid s y s t em  [3, 5, 8, 10]. However ,  the fine s t ruc tu ra l  changes in other organs,  notably 
pa renchymatous  organs ,  have not been descr ibed .  

As an organ with many  vi tal ly impor tan t  functions,  there is no question that the l iver  plays an impor tan t  
ro le  in adapatation of the animal  to g e r m f r e e  conditions of life. The re  a re  only isolated deta i ls  in the l i t e r a -  
ture on the r e s p o n s e  of the l iver  to the conditions of g e r m f r e e  ex is tence .  The l iver  of gnotobiotic an imals  has  
been shown to have a m o r e  uniform his to logica l  p ic ture  and to contain fewer  p l a sma  cel ls  in the connective 
t i ssue of the por ta l  t r a c t s  [13] and a lso  to have lower act ivi ty of i ts  oxidative enzymes  [12].  The re  is ve ry  
litt le informat ion on the spleen of g e r m f r e e  animals ,  and it  is cont radic tory .  Some w o r k e r s  consider  that in 
the spleen,  jus t  as in the lymph node, lymphopoies i s  is d e p r e s s e d  [5, 8], whereas  o thers  found no changes in 
the s t ruc tu re  of the pulp of this organ in g e r m f r e e  an imals  [3J.  

The object  of this invest igat ion was to study the c h a r a c t e r  of h is tophysioiogical  changes in the l iver  and 
spleen as organs  without d i r ec t  contact  with the m i c r o f l o r a  and linked with each other through their  pa r t i c ipa -  
tion in the product ion of bile p igments .  

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  Wis ta r  r a t s  were  obtained in a spec ia l  i so la tor  at the Labora to ry  of Exper imenta l  Biological 
Models ,  Academy of Medical  Sciences of the USSR, and kept  on a s te r i l e  diet. Control  Wis tar  r a t s  were  kept 
under o rd inary  conditions, but a lso  r ece ived  the s t e r i l e  diet. The l iver  of female  r a t s  aged 15, 30, and 90 days 
(five an imals  of each age group) was studied. Mater ia l  was fixed in Ca rnoy ' s  fluid and 10% neut ra l  formal in .  
Bes ides  the ord inary  his to logical  methods,  sec t ions  were  stained with Sudan IH and IV for  neut ra l  lipids, by 
Nach la s ' s  method for  succinate dehydrogenase  (SD) act ivi ty,  by G o m o r i ' s  method for  acid phosphatase  (AP), 
and by azocoupling with a -naph thy l  acetate  for nonspecif ic  e s t e r a s e  (NE) [2].  Control  r eac t ions  a lso  were  
c a r r i e d  out. The l iver  of the gnotobiotic and conventional  r a t s  at the age of 90 days was examined e l ec t ron -  
mic roscop ica l ly .  Ma te r i a l  for  this purpose was fixed in 1% osmium tetroxide solution in cacodylate  buffer ,  
pH 7.4, and embedded in Araldi te .  Sections were  stained with uranyl  aceta te  and examined in the Hitachi-7 
e lec t ron  m i c r o s c o p e .  
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Fig.  1. L iver  of gnotobiotic r a t  aged 90 days:  a) high AP act ivi ty.  Recent  f rozen  section, 
s tained by G o m o r i ' s  method, 100x;  b) many  ly sosomes  (L) In region of bile cap i l l a r i e s  (BC), 
8200• 

The spleen of the s ame  r a t s  was invest igated by P e r l s ' s  method for  its content of f r ee  iron. The re  a re  
indications that in g e r m f r e e  animals  the e ry th rocy te  count in the pe r iphera l  blood is inc reased  [7] .  E r y t h r o -  
poies is  and the production of bile pigments  a re  known to be s t imulated by the accumulat ion of f r ee  iron in the 
spleen and of blood pigments  f o rmed  during hemolys i s  of e ry th rocy te s .  

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

SD act ivi ty  in the l iver  hepatocytes  of g e r m f r e e  r a t s  of all age groups was reduced.  This  was shown by 
a dec r ea se  in size of the d i fo rmazan  granules  deposited at s i tes  of act ivi ty of the enzyme and by the lower 
densi ty of fi l l ing of the cy top lasm of the hepatocytes  with these granules  compared  with the l iver  of conven-  
tional r a t s .  The highest  act ivi ty  of this enzyme in the l iver  of the exper imen ta l  and control  r a t s  aged 15 days 
was found in a smal l  group of hepatocytes  surrounding the t r iads .  With an inc rease  in age of the an imals  this 
zone of cel ls  with higher SD activi ty became wider.  In conventional r a t s  aged 30 and 90 days,  as a r e su l t  of an 
inc rease  in enzyme act ivi ty in the hepatocytes  at the pe r iphery  of the lobule, the zonal dis t r ibut ion of SD within 
the hepatic  lobule was c l ea r ly  defined. In the l iver  of the g e r m f r e e  animals ,  because  of the ve ry  sma l l  inc rease  
in act ivi ty  of the enzyme in the hepatocytes  in the pe r iphe ra l  zone of the lobule compared  with SD act ivi ty in 
the cen t ra l ly  si tuated cel ls ,  the zonal pat tern  of dis t r ibut ion of the enzyme was i l l -defined.  

In hepatocytes  in the l iver  of the an imals  of all  age groups d i f fe rences  were  found between the g e r m f r e e  
and conventional an imals  in the dynamics  of accumulat ion of fa t  and NE activi ty.  In g e r m f r e e  r a t s  aged 15 days 
fa t  appeared  In the cy top lasm of single hepatocytes  as tiny drople ts .  In conventional an imals  of this age, mos t  
cel ls  of the pe r iphe ra l  and middle zones of the lobule were  inf i l t rated with fat .  In g e r m f r e e  an imals  aged 30 
and 90 days,  infi l t rat ion of the cy top lasm of hepatocytes  in all  zones of the lobule with large drople ts  of fa t  was 
sharp ly  inc reased .  F u r t h e r m o r e ,  in the 90-day-o ld  an imals  drople ts  of fat  were  obse rved  in the cy toplasm of 
the Kupffer  cel ls .  Many hepatocytes  and Kupffer  cel ls  of the g e r m f r e e  an imals  were  in a s tate  of fa t ty  degen-  
era t ion .  In conventional an imals  of these age groups only slight infi l t rat ion of the cy top lasm of the pe r iphe ra l  
hepatocytes  with tiny drople ts  of fa t  could be seen, and accumulat ion of fa t  In the cy top lasm of the Kupffer ce l l s  
and fa t ty  degenerat ion of the hepatocytes  were  absent.  The study of the age dynamics  of NE activi ty showed 
that the densi ty of fi l l ing of the cy top lasm of the hepatocytes  with the end products  of the reac t ion  inc reased  
with age of the an imals  in both groups,  r e f l ec t ing  a gradual  inc rease  in enzyme activity.  However,  NE act ivi ty 
was higher  in the conventional than in the gnotobiotic r a t s .  

According to the observa t ions  of Reddy et  al. [2] ,  act ivi ty  of  fat ty  acid synthe tases  is inc reased  in the 
l iver  of g e r m f r e e  r a t s .  The lower act ivi ty of lipolytic enzymes  and inc reased  act ivi ty  of synthe tases  of fa t ty  
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Fig. 2. L iver  of conventional r a t  aged 90 days:  a) low AP activity.  Staining and magn i f i ca -  
t ion as in Fig. 1; b) so l i ta ry  l y s o s o m e s  (L) in region of bile cap i l l a ry  (BC), 8200• 

Fig.  3. Spleen of r a t  aged 90 days:  a) spleen of g e r m f r e e  ra t .  High content of f r ee  
iron. Fixation with 10% formal in  solution, stained by P e r l s '  method,  120• b) spleen 
of conventional r a t .  Single c r y s t a l s  of f r ee  iron. Fixation, staining, and magnif icat ion 
the same .  

acids are  evidently the cause of the intensive accumulat ion of fat  and the marked  fat ty  degenerat ion of the 
hepatocytes  and Kupffer cel ls  in g e r m f r e e  r a t s  aged 30 and 90 days.  

AP was located main ly  in the b i l i a ry  pole of the hepatocyte .  With age, its act ivi ty inc reased  in both the 
g e r m f r e e  and the conventional  r a t s .  However ,  AP act ivi ty in the hepatocytes  of gnotobiotic r a t s  of all  age 
groups was higher  than in the conventional  an imals ,  and this was espec ia l ly  c lea r  in r a t s  aged 90 days  {Figs. 
l a  and 2a). E l e c t r o n - m i c r o s c o p i c  invest igat ion r evea led  many  ly sosomes  at  the b i l i a ry  pole of the hepatocytes  
of the g e r m f r e e  r a t s ,  whereas  in the cor responding  a r e a s  of the hepatocytes  of conventional animals  only so l i -  
ta ry  l y sosomes  were  found. The b i l ia ry  poles of the hepatocytes  over  a cons iderable  extent  of the bile capi l -  
l a r i e s  a re  i l lus t ra ted  in Figs.  lb  and 2b. The dif ference in the number  of l y s o s o m e s  in these regions  of the 
hepatocytes  in the gnotobiotic (Fig. lb) and conventional  an imals  (Fig. 2b) will be obvious. 

A high concentra t ion of f ree  iron was found in the spleen of the 90-day-old  gnotobiotic r a t s  (Fig. 3a), on 
account  of the intensive des t ruc t ion  of e r y t h r o c y t e s  in it, because  of the high e ry th rocy te  count in the p e r i -  
phera l  blood [7].  The iron level  in the spleen of conventional animals  of this age was low (Fig. 3b}. 
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The absence of the normal  mic ro f lo ra  in the body thus affects his tochemical  p roces se s  and subcellular  
s t ruc tu res  of the l iver  and spleen. This is par t icu lar ly  c lea r ly  seen in adult animals.  Activity of oxidative 
and lipolytic enzymes  in the hepatocytes  of ge rmf ree  ra t s  is reduced and the ass imulat ion of fat  is increased  
not only in the hepatocytes ,  but also in the Kupffer cells.  Para l l e l  with this, there is a marked  increase  in the 
number of c rys t a l s  of f r ee  iron in the spleen of the 90-day-old ge rmf ree  ra t s ,  evidence of increased  hemolys is  
of e ry th rocy te s  in the organ. This,  in turn, causes  increased  excre t ion of bile, accompanied by an increase  in 
Ap  activity and in the mass  of lysosomes  in the bi l iary poles of the hepatoeytes  [6] .  

The histophysiological  fea tu res  of the l iver  and spleen descr ibed above must  be taken into account when 
the resu l t s  of exper iments  on ge rmf ree  animals are  in terpre ted.  
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