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In r a t s  infected i n t r a c e r e b r a l l y  with a cul ture  of Cladospor ium t r ichoides ,  in the e a r l y  s tages  of the 
d i s ea se  a sha rp  d e c r e a s e  in succ ina te  dehydrogenase  ac t iv i ty  and i ts  red is t r ibut ion  a r e  found in va r ious  
p a r t s  of the b ra in .  Alkal ine phosphatase  ac t iv i ty  in the e l emen t s  of the b lood-bra in  b a r r i e r  and a r e a  of in-  
f i l t rat iort  is i nc r ea sed .  In l a t e r  s tages  a fu r the r  d e c r e a s e  in r e s p i r a t o r y  ac t iv i ty  takes place.  Meanwhile,  
numerous  m a c r o p h a g e s  with i nc rea sed  ac t iv i ty  of these enzymes ,  and a lso  giant cel ls  speci f ic  for  m y c o s e s ,  
with i n c r e a s e d  ac t iv i ty  of these enzymes ,  appea r .  
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Few r e p o r t s ' h a v e  been  publ ished on h i s tochemica l  changes during development  of m y c o s e s  of the 
b ra in ,  a l though the d is t r ibut ion  of enzyanes of the cent ra l  nervous  s y s t e m  under  no rma l  conditions and a f -  
t e r  exposu re  to va r ious  fac to r s  has been studied by m a n y  inves t iga tors  [1-3, 5, 7, 8, 13]. 

EXPERIMENTAL METHOD 

E x p e r i m e n t s  were  c a r r i e d  out on 40 albino r a t s .  The an ima l s  were  injected i n t r a c e r e b r a l l y  with 0:1 
ml  of a suspens ion  of a cul ture  of the fungus Cladospor ium t r iehoides ,  equivalent  to 1 mg of d r y  cul ture .  
One of the d is t inguishing f ea tu re s  of this fungus is its tendency to a t tack  nervous t i s sue  se lec t ive ly  [14]. 
The a n i m a l s  were  s a c r i f i c e d  1, 3, 6, and 9 &~tys l a te r .  Act iv i ty  of the succinate  dehydrogenase  sy s t em was 
de t e rmi tmd  by a modi f ica t ion  of Nac idas ' s  metl~od with neote t razo l ium in the incubation medium,  and a l k a -  
l ine phospha tase  ac t iv i ty  was d e t e r m i n e d  by the azo-coupt ing  method.  Quanti tat ive ana lys i s  of ac t iv i ty  of 
the e n z y m e s  of the suec ina te  dehydrogenase  s y s t e m  was c a r r i e d  out with the MF-4  photometer .  The degree  
of a lkal ine  phospha tase  ac t iv i ty  was a s s e s s e d  by visual  compar i son .  

EXPERIMENTAL RESULTS 

A sharp decrease in activity of the enzymes of the succinate dehydrogenase System was observed over 
the whole area of saggital sections of the brain and, in particular, in the region of infiltration, 24 h after 
injection of the culture of the fungus. Close to the zone of infiltration (one field of vision under a magnifi- 
cation of I0 • 10"), diformazan granules in the bodies of nerve cells were arranged extremely irregularly 
and occasionally were grouped in the regio~ o[ th~ nuclear membrane. At a distance of 2-3 fiMds of vision 
away, in the motor lobe of the cortex, against a background of diminished activity of enzymes of the suc- 
cinate dehydrogen~se system in the interneuronal spaces, activity increased particularly clearly in circles 
around the nuclei and in the initial portions of the islets (Fig. 1). 

Considerable changes in activity of theenzymes were observed in the cerebellum, where it fell below 
the normal level (in the granular layer by 46% and in the molecular la)~er by 38%). In the Purkinje cells, 
on the other hand, oxidative activity increased. The cell bodies were clearly outlined, and large formazan 
granules, angular in shape and of various sizes, became visible in the c}~oplasm. At one pole of the cell 
the crystals merged, often continuing into the dendrites. 

*Subsequently the field of vision is also given under magmification 10 • 10. 
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Fig.  1. Distr ibut ion of succ inate  deh~drogenase  act ivi ty  in 
c e r e b r a l  cortex ,  a) Brain  of intac~ tat; b) 24 h after  infection.  
D i f o r m a z a n  granules  in reg ion  of nuclear  m e m b r a n e .  Sharp 
d e c r e a s e  in interneuronal  act iv i ty .  60 x 10. 
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Fig.  2. Distr ibut ion of suec inate  dehydrogenase  act iv i ty  in 
c e r e b e l l a r  cortex ,  a) Cerebe l lum of intact rat.  Larges t  
number  of d i formazan  granules  in granu lar  layer;  b) 3 days 
a f ter  infect ion.  ~"Iaximal number of granules  in m o l e c u l a r  
layer .  1 0 x  10. 

After  24 h of the exper iment ,  the a lkal ine  phosphatase  act iv i ty  was  increased  in near ly  all  parts  of  
the brain: in the v a s c u l a r  endothe l ium,  cheroid  plexus ,  and ependsmm, probably indicating an increased  
load on the b lood-brain  barr ier .  In the choroid p lexuses  of  the ventr i c l e s ,  showing infi ltrative changes ,  
a lkal ine  phosptmtase act iv i ty  was  highest .  The s w o l l e n  ce l i s  of the ehoroid epithel ium contained large~ 
amounts  of  e n z y m e  in its basal  port ions .  

The zone  of  inf i l trat ion formed (in the region of the corpora  quadrigcmina)  at this peric<t of the e x -  
pe r i ment  c o n s i s t e d  main ly  of neutrophi ls  with a few 15anphocytcs. Act iv i ty  of the e n z y m e s  in the zone of 
inf i l trat ion ~ s  modera te  and was concentrated  main ly  in the c e l l s  surrounding the fungus~ In a~,cas border -  
ing the zone  of  infi l tration (cortex of the occipital  lobe,  corpora  quadrigemina) ,  a lkal ine  phosphatase  a c t i -  
v i ty  was l oca l i zed  in the wal ls  of the v e s s e l s  and in hematogenous  c e l l s ,  and s o m e t i m e s  in glial  c e l l s .  
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Fig. 3. Distr ibut ion of succinate dehydrogenase activity in 
neurons of pontine ret icular  formation, a) Pontile re t icular  
formation of intact rat; b) 3 days af te r  infection. Gross 
swelling and redistribution of diformazan granules through- 
out cell body. 60 x 10. 

After three days, activity of the succinate dehydrogenase system around the zone of infiltration in dif- 
ferent  parts  of  the brain x~-as g~'eatly reduced: in the superior  colliculi by 54~, in the anter ior  nuclei of the 
thalamus by 92%, and in the ganglion cells of the hippocampus by 85%. At a d is~nce of 2-3 fields of vision 
from the focus, in the motor cortex,  activity of enzymes of the succinate dehydrogena~ system remained 
the same as a f te r  24 h. In the granular layer  of the cerebe l lum,ac t iv i ty  of the enzyme centinued to fall 
down to 51%. The coarse diformazan granules merged to form large granules and crystals were thinly 
scat tered.  Activity of the molecular  layer  vms almost indistin~o'dishable from that af ter  24 h (36~ below the 
normal level). Sometimes the intensity of staining of the molecular  laver was grea ter  than that in the 
granular layer  (Fig. 2). 

The large neurons of the mesencephalon, pons, and medulla and the Purkinje cells of the cerebellum 
showed the formation of large formazan granules and redistribution of formazan throughout the cytoplasm 
into compact groups (Fig. 3). Three days af ter  infection, the zone of infiltration consisted mainly of poly- 
blasts,  and macrophages,  grouped around the cells of the fungus and possessing high alkaline phosphatase 
activity (in agreement  wdth data [4] indicating an increase in activity of this enzyme in the ser ies  lympho- 
cy te -po lyb las t -macrophage) .  The preparations sho~:ed clear ly  that in its course toward the ~ l t s  of the 
zone of infiltration, the fungus was stretched along the young collage n f ib r i l s  forming the capsule. Alkaline 
phosphatase activity was most distinctly increased here.  At the border  with the focus in the superior  coll i-  
cull, the posteromedial  thalamus, and the occipital cortex,  maerophages were clear ly  seen which had 
migrated into the tissue and possessed high alkaline phosphatase activity. Sometimes a positive reaction 
was associated with hypertrophied glial cells.  

On the 6th day of the experiment no significant changes in activity and localization of enzymes of the 
suecinate dehydrogenase system and alkaline phosphatase were observed compared with the situation on the 
3rd day. 

Between 9 and 15 days af ter  infection the fungus had completed its penetration of the capsule surround- 
ing the focus and had emerged into the nerve tissue. Two-thirds of the brain was affected by infiltrative 
changes. In all parts  diminished resp i ra to ry  activity of the nerve tissue was obse rvedas  before. However, 
the results of photometry showed that the total activity 9 days after  infection was slightly increased on ac-  
count of migration of various phagocytic cells into the brain tissue and a well marked glial reaction. In 
preparations stained by" Cajal 's gold-mercur ic  chloride method, a sharply hypertrophied glia was seen at 
this time, in agreement  with published reports  [5, 11, 12] of an increase in activity of oxidative enzymes in 
glial cells af ter  brain injury. In some Purkinje cells and in large neurons of the pons, numerous diformazan 
granules could be c lear ly  seen in the cytoplasm. In other  neurons in these regions no enzyme activity 
could be detected. 
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Around the f i laments  of fungus invading the t i ssue spec i f ic  reac t ive  p r o c e s s e s  developed,  c h a r a c t e r -  
tzed by the format ion  of giant ce l l s  which, blocking the myce l l ium of the fungus em'tctly, sur rounded i t  with 
a thin l aye r  of cy topIasm with a m a s s  of nuclei.  Nine days  a f t e r  infection these cel ls  were  in the initial 
s t ages  of fo rmat ion .  They  p o s s e s s e d  modera t e  r e s p i r a t o r y  ac t iv i ty .  The giant cel ls  which were  formed in 
the bra in  p o s s e s s e d  a l m o s t  no succ ina te  dehydrogenase  ac t iv i ty ,  in a g r e e m e n t  with data [4, 10] concerning 
the i r  development  in o ther  t i s sues .  

On the 9th day  ex tens ive  a r e a s  of p e r i v a s c u l a r  inf i l t ra t ion were  fo rmed ,  merg ing  in some  pIaces  and 
pene t ra t ing  the nervous  t i s sues  in continuity.  Among the ce i l s  of the inf i l t ra ted a r ea  were  numerous  m a c r o -  
phages ,  giving an intense reac t ion  for  a lkal ine phosphatasc .  These  cel ls  fo rmed  groups  nea r  the capsule of 
the focus ,  and a t  p laces  where  the fung'as e m e r g e d  into the bra in  t issue they were  grouped around the infec-  
t ive agent.  Next to the focus of in ju ry  (corpora  quadr igemina ,  l a t e ra l  ven t r ic les )  the ea r l i e s t  s tages  of giant 
cell  fo rmat ion  were  s e e n - a d h e s i o n  of m a c r o p h a g e s  to the walls of the fungous. They showed v e r y  high a c t i -  
vit'y. In the ful ly fo rmed  giant cel l ,  round in shape with a m a s s  of  nuclei at the p e r i p h e r y  ( resembl ing  cel ls  
of Langhans type) ,  a lkaI ine  phospha tase  ac t iv i ty  was e i the r  absent  o r  g rea t ly  reduced.  

Hence,  the development  of expe r imen ta l  mycos i s  in the cent ra l  nervous s y s t e m  of r a t s  is c h a r a c t e r -  
lzed by lower ing  of the in tensi ty  of e n e r g y  me tabo l i sm  linked with the Krebs  cycle ,  as  e x p r e s s e d  by a sharp  
d e c r e a s e  in succinate  dehydrogenase  ac t iv i ty  in all the bra in  s t r u c t u r e s .  In bra in  t issue not d i r ec t ly  a s s o -  
c ia ted with infi l t rat ion,  in the e a r l y  s t ages  of development  of  the d i sease  var ious  reac t ive  changes were  ob-  
s e r v e d ,  c h a r a c t e r i z e d  by a spec i f i c  red i s t r ibu t ion  of r e s p i r a t o r y  ac t iv i ty  [1-3]. In l a t e r  per iods  reac t ive  
p r o c e s s e s  gave way to injury to the ne rve  ce i l s ,  as  a r e su l t  of which act ivi ty  of enzymes  of the succinate  
dehydrogenase  s y s t e m  fell s ha rp l y  in the neurons of these reg ions .  At a t ime when seve ra l  bra in  regions ,  
e s p e c i a l l y  the components  of the zone of inf i l t ra t ion,  were  in anaerob ic  condit ions,  the level of  ene rgy  m e t a -  
bo l i sm for  p e r f o r m a n c e  of phaeocyt ic  functions was p robab ly  mainta ined suff ic ient ly  high by an inc rease  in 
the intensi ty  of g lyco lys i s ,  ind i rec t ly  fac i l i ta ted  by the i nc rea se  in alkaline phosphatase  ac t iv i ty  in these  
reg ions ,  providing l a rge  quant i t ies  of inorganic  phosphate requ i red  fo r  ATP  syn thes i s .  A link between ~he 
ac t iv i ty  of this enzyme and the p r o c e s s  of t r a n s f e r  of suga r s  through m e m b r a n e  s t rucLures  has been  de-  
mons t r a t ed  expe r imen ta l l y  [6, 9]. In the light of this we can unders tand the impor tan t  role of dephosphory-  
lat ion p r o c e s s e s  in the function of the-b lood-bra in  b a r r i e r  [9, 13], which is conf i rmed  by the i n c r e a s e d a c t i -  
v i ty  of  this enzyme  in the c a p i l l a r y  endothel ium, ependyma,  and choroid  p lexuses  in the course  of the 
d i s ea se .  
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