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I t  m i g h t  be  p rope r ly  a rgued  t h a t  t he  increased  dis- 
t ens ib i l i t y  p roduced  b y  col lagenase ac t ion  was t he  resu l t  
of de s t ruc t i on  of t he  s a r c o l e m m a  b y  the  enzyme,  b u t  
t he re  was no microscopica l  ev idence  of such  des t ruc t ion .  
More i m p o r t a n t ,  however ,  is t he  fac t  t h a t  t r y p s i n  ac- 
t iv i ty ,  wh ich  indeed  p roduced  t issue macera t ion ,  fai led 
to  p roduce  a n y  s ign i f ican t  change  in d is tens ib i l i ty .  T h u s  
i t  would  a p p e a r  t h a t  t he  effect  seen was due  to degrada-  
t ion  of ex t race l lu la r  col lagen and  no t  solely to  de s t ruc t i o n  
of t he  sa rco lemma.  The  col lagen c o n t e n t  of h e a r t s  t r e a t e d  
w i t h  col lagenase was 0.077 • 0.011 (SEre) g soluble  col- 
lagen/100 g we t  t issue whi le  the  col lagen c o n t e n t  of t h e  
con t ro l  g roup  was 0.118 :[: 0.017 g soluble  col lagen/100 
m g  wet  t issue. The  di f ference be tween  t he  2 m e a n s  was 
s ign i f ican t  a t  t he  0.05 level  ( S t u d e n t ' s  t test) .  

No chemica l  e v a l u a t i o n  of t he  eff icacy of e las tase  or  
t r y p s i n  ac t i v i t y  was u n d e r t a k e n  o t h e r  t h a n  t he  h is to-  
logical sect ions  m e n t i o n e d  previously .  The re  was some 
his tological  ev idence  of b e a d i n g  of e las t in  and  of t issue 
m a c e r a t i o n  in  those  h e a r t s  sub jec ted  to e las tase  an d  
t r y p s i n  respect ively .  C o n c e n t r a t i o n  levels of t he  enzymes  

used were in excess of those  k n o w n  to  p roduce  s ign i f ican t  
e n z y m a t i c  effects ~-s. 

Zusammen/assung. Isol ier te  H a s e n h e r z e n  w u r d e n  im 
I n k u b a t o r  in  3 G r u p p e n  v o n  E n z y m g e m e n g e n  b e h a n -  
del t ,  ih re  A u s d e h n u n g s c h a r a k t e r i s t i k a  d u r c h  Druck-  
v o l u m e n - M e s s u n g e n  b e s t i m m t .  Von  den  v e r w e n d e t e n  
E n z y m e n  Collagenase,  E la s t a se  u n d  Tryps in ,  e rzeugte  
n u r  Collagenase e inen  W ech s e l  in de r  A u s d e h n u n g .  
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Experimental ly Produced Ependymal Inclusions 
in the Brain of Xenopus laevis 

I n  t he  course of a n  i nves t i ga t i on  on the  inf luence  of 
te lencephal ic  in jur ies  on  h y p o t h a l a m i c  neurosec re t ion  in 
Xenopus laevis 1, i t  was n o t e d  t h a t  por t ions  of t he  l a te ra l  
ventr ic les ,  pa r t i a l l y  or  comple t e ly  i so la ted  f rom the  re- 
m a i n d e r  of the  ven t r i c l e  sys tem,  deve lop  s t rong ly  ch rome  
h e m a t o x y l i n  (Gomori) pos i t ive  inclusions in the  ependy-  
mocytes .  These  Gomor i  pos i t ive  inclusions  (GPI)  are 
p re sen t  in the  p e r i k a r y a  and  p ro longa t ions  of the  ependy-  
mocytes ,  be ing  f r e q u e n t l y  found  even  in the  mos t  d is ta l  
p a r t s  of the  p ro longa t ions  wh ich  form men ingea l  end- fee t  
a t  t he  b ra in  surface (Figures 1-3). 

I n  th i s  s t u d y  s imi lar  lesions were pe r fo rmed  as those  
p rev ious ly  m a d e  in the  t e l encepha lon  of a d u l t  spec imens  
of X. laevis 1. As the  resu l t  of the  opera t ion ,  the  o l fac to ry  
lobes were i so la ted  f rom the  res t  of the  bra in .  The  cu t  
cauda l  end  t h e n  hea led  ; a smal l  i sola ted ven t r i c l e  r ema in -  
ing in the  pos te r io r  pa r t .  Somet imes  on ly  a t r ace  of a 
ven t r i c l e  was  seen;  b u t  in  eve ry  case where  e p e n d y m o -  
cytes  were present ,  G P I  developed.  In  t he  o l fac to ry  lobes, 
G P I  were also seen in glial  cells (Figure 6). T h e  cauda l  
ex t r emi t i e s  of t he  hemispheres ,  when  isolated,  were also 
f r e q u e n t l y  the  site of GPI .  Most  f requent ly ,  G P I  were 
s i t ua t ed  basa l ly  w i th  respec t  to  t he  cell nucleus  (Figures  
2 a n d  4). However ,  a t  s i tes where  t h e y  were p a r t i c u l a r l y  
a b u n d a n t ,  G P I  could be  seen also in t he  apica l  po r t ions  
of t he  e p e n d y m o c y t e  pe r ika rya .  I n  such  cases, t he  l u m e n  
of the  isola ted ven t r i c l e  showed  t he  presence of i n t ense ly  
Gomor i  pos i t ive  a m o r p h o u s  p rec ip i t a tes  (Figure 1). G P I  
were n e v e r  found  in t he  e p e n d y m a  of a n o r m a l  b ra in .  

G P I  are oval,  spherical ,  or  bean- l ike  shaped  granules ,  
0.5-2.0 /z in  size, s i t u a t e d  in t he  cy top lasm.  T h e y  fre- 
q u e n t l y  form aggrega tes  which  coalesce in to  large Gomor i  
pos i t ive  masses  (Figures 2 and  6). In  p r e p a r a t i o n s  s t a ined  
w i t h  Gabe ' s  a ldehyde  fuchsin,  G P I  are also s t rong ly  
posi t ive.  T h e y  are s t rong ly  pe r fo rmic  ac id-Alc ian  blue  
pos i t ive  b u t  nega t ive  or on ly  weakly  pos i t ive  in  t he  P A S  
procedure .  I n  u n s t a i n e d  p r e p a r a t i o n s  G P I  are colourless.  
T h e y  do no t  con t a in  acid mucopo lysaccha r ides  a n d  are 

d i s t i nc t  f rom lipofuscin,  as s h o w n  b y  the  nega t ive  resu l t  
of t h e  s ta in ing  w i t h  0 .1% Alc ian  b lue  in 3% acet ic  acid 
a n d  the  nega t ive  o u t co me  of t h e  H u e c k  an d  Lillie m e t h -  
ods. Thus ,  G P I  are p r o b a b l y  of p r o t e i n  c h a r a c t e r  w i t h  a 
cys t ine  c o n t e n t  of over  4%.  

As shown  b y  t h e  resu l t s  p re sen ted  above ,  the  G P I  in 
t h e  e p e n d y m o c y t e s  of t h e  i so la ted  ven t r ic les  of t h e  X.  
laevis b r a i n  are, a t  leas t  w i t h  all  t h e  m e t h o d s  so far  em- 
ployed,  h i s tochemica l ly  s imi la r  to  t h e  Gomor i  pos i t ive  
inclus ions  n o r m a l l y  found  in t h e  p e r i v e n t r i c u l a r  glial 
cells of the  h y p o t h a l a m u s  a n d  some o t h e r  b r a i n  areas  in  

Fig. 1. Isolated ventricle with ependymal Gomori positive inclusions 
(GPI) in a hemisphere remnant. In the lumen Gomori positive preci- 

pitate can be seen. Chrome heniatoxylin-phloxin (CHP). x 110. 

1 Z. SREBRO, Folia biol. Krak6w 13, 397 (1965). 
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m a m m a l s  ~-7 and  the  more  recent ly  descr ibed inclusions 
in some cells s i tua ted  in t he  mos t  caudal  p a r t  of t he  
septa l  nucleus  of t he  te lencepha lon  of t he  a m p h i b i a n  
Rana  esculenta s-10. 

The na tu re  of t he  GPI  is unknown.  Thei r  presence  only  
in Xenopus  and  in the  isolated ventr ic les  suggests  t h a t  
t h e y  arise in th is  case as a resul t  of impa i red  cerebro-  
spinal  f luid (CSF) flow. The e p e n d y m a  of amphibia ,  
which is t he  c o u n t e r p a r t  of the  more  special ized astro-  
cytes  in mammals ,  p robab ly  plays  an i m p o r t a n t  role in 
wa te r  and /o r  e lect rolyte  t r a n s p o r t  f rom the  CSF  into t he  
bra in  t issue.  The long e p e n d y m o c y t e  ( tanycyte)  pro-  
longat ions  which  fo rm meningeal  end-fee t  con ta in  large 
mi tochondr ion- l ike  bodies  - the  gliosomes n,le. The pres-  
ence of numerous  longi tudinal ly  or iented  mi tochondr i a  
in the  apical  por t ions  of t he  t a n y c y t e  pe r ikay rya  ~ and  
the  gliosomes in the i r  pro longat ions  m a y  also indica te  a 
t r a n s p o r t  role of t he  ependyma ,  which  is k n o w n  to be 
ene rgy-dependen t .  I n  the  isolated ventr icles ,  the  t rans -  
p o r t  of wa te r  and /o r  e lect rolytes  f rom the  CSF  into the  
bra in  t issue is cer ta in ly  more  difficult  owing to  dis tur-  

bances  or lack of CSF flow. Thus  an addi t iona l  funct ional  
d e m a n d  is laid upon  the  t r a n s p o r t  capabi l i ty  of the  
ependyma .  This  in t u r n  is bound  to  cause a h y p e r t r o p h y  
of cellular s t ruc tu res  involved in t he  t r a n s p o r t  mecha-  
nism. Thus,  unt i l  more  in fo rmat ion  is ob ta ined  f rom 
fu r the r  s tudies,  among  which an electron microscopic one 
seems to be the  m o s t  promising,  GPI  m a y  be regarded 
as h y p e r t r o p h i e d  cy toplasmic  s t ruc tures  or accumula ted  
mater ia l  involved in wa te r  and /o r  e lectrolyte  t r anspor t .  

However ,  a d i f ferent  exp lana t ion  of t he  na tu re  of the  
GPI  is possible;  namely ,  t h a t  t h e y  are a secre tory  p roduc t  
of the  ependyma .  Moreover,  th i s  supposi t ion  explains 
sa t is factor i ly  all t he  facts  observed.  Supposing t h a t  t he  
ependyma ,  or r a the r  a specialized region of it, e laborates  
a 'chor iot ropic  h o r m o n e '  wi th  a s t imula to ry  act ion on the  
p roduc t ion  of the  C S F  by  the  choroid plexuses  and t h a t  
the  secret ion of th is  ho rmone  is inf luenced in t u r n  by  the  
composi t ion  of t he  CSF, ependyma l  hypersec re t ion  is to 
be expec ted  in the  isolated ventr icles .  As men t ioned  
above,  the  fluid in t he  lumina of t he  isolated ventr ic les  
cer ta in ly  has a d i f fe rent  composi t ion  f rom the  CSF  wi th  

Fig. 2. Ependyma with GPI at higher magnification. The GPI are 
situated basMly with respect to the cell nuclei (CHP). x 550. 

Fig. 4. Fragment of the ependynlal lining of an isolated ventricle in 
the olfactory lobe. Arrows indicate GPI (CHP). x 840. 

Fig. 5 and 6. GPI in perikarya and prolongations of glial ceils in an 
isolated olfactory lobe (CHP). x 840. 

Fig. 7. GPI at a capiUary wall (CHP). x 840. 

Fig. 3. GPI at the brain surface (arrows) (CHP). x 550. 
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wh ich  t he  e p e n d y m a  is in  c o n t a c t  in  t h e  n o r m a l  b ra in .  
This  change  is a s t imulus  for  increased  ependymosec re -  
t ion,  i.e. p r o d u c t i o n  of more  of the  ' chor io t rop ic  h o r m o n e ' .  
The  morpholog ica l  express ion  of th i s  hype r sec re t i on  is 
the  a p p e a r a n c e  of the  GPI .  The  presence  of Gomor i  
pos i t ive  p rec ip i t a t e s  in  the  l u m i n a  of t he  isola ted ven-  
t r icles  and  the  a p p a r e n t  t r a n s p o r t  in  t he  p ro longa t ions  
a n d  release in t he  men inges  of the  Gomor i  pos i t ive  
ma te r i a l  are also in f a v o u r  of t he  suppos i t ion  t h a t  G P I  
are an  e p e n d y m o s e c r e t o r y  mater ia l .  The  role of epen-  
dymosec re t i on  in  t h e  con t ro l  of t h e  p r o d u c t i o n  of C S F  
b y  the  choro id  plexuses,  in f luenced  in t u r n  b y  t he  com- 
pos i t ion  of the  CSF, if p roved ,  will be  a n o t h e r  example  of 
a s imple feed b a c k  con t ro l  of a physiological  process.  

Zusamrnen]assung. V e r l e t z u n g e n  des E n d h i r n s  b e i m  
e r w a c h s e n e n  Kra l l en f rosch  (Xenopus laevis) f i ih ren  zur  
E n t s t e h u n g  yon  Vent r ike l te i l en ,  die vo l l s t~nd ig  oder  tei l-  
weise v o m  V e n t r i k e l s y s t e m  des Geh i rns  isol ier t  s ind.  Das  
E p e n d y m  solcher  Ven t r ike l t e i l e  zeigt  s t a r k  ChromhRma-  
toxyl in- .posi t ive  c y t o p l a s m a t i s c h e  Einschl t i sse  (GPI) ,  die 
im P e r i k a r y o n  u n d  in d en  Zellforts~ttzen de r  T a n y c y t e n  
lokal i s ie r t  s ind.  C h a r a k t e r  u n d  B e d e u t u n g  der  G P I  wer-  
den  d i sku t ie r t .  
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Die z e n t r a l n e r v 6 s e  Rangs tu fe  des  B l a u w a l s  
(Sibbaldus musculus Linnaeus )  1 

Der  B lanwa l  k a n n  eine t (6rper l / inge  yon  30 m u n d  ein 
Gewich t  yon  150 T o n n e n  erre ichen.  Somi t  i s t  diese W a l a r t  
das  gr6sste  und  schwers te  Tier  de r  E rde  und  auch  fossile 
Saur ie r  u n d  S/iuger h a b e n  dieses M a x i m u m  n iemals  er- 
re icht .  Das  Tier  is t  kosmopol i t ,  monogam,  u n d  e r re i ch t  
ein Al te r  yon  e twa  30 J a h r e n  (NORMAN u n d  FRASER2). 
Das von  uns  u n t e r s u c h t e  G e h i r n  (T. Nr.  260) s t a m m t  yon  
e inem ~ Blauwal ,  der  wXhrend der  Fangsa i son  1961-1962 
yore  T h o r / D a h l  im si idl ichen E i smeer  h a r p u n i e r t  wurde .  
Die K6rper l / inge b e t r u g  88 engl ische Fuss,  das  K6rper -  
gewich t  is t  u n b e k a n n t .  ] )as  H i rngewich t ,  ohne  Dura ,  
be t r / ig t  n a c h  F o r m o l f i x a t i o n  6500 g. Die a l lgemeinen  
Formverh~ l tn i s se  s ind aus  den  F igu ren  1-4 ers icht l ich .  
Die la tera le  H e m i s p h ~ r e n a u s l a d u n g  is t  z iemlich ausge-  
pr/igt,  h ingegen  is t  die R o t a t i o n  des SchlS~fenlappens in 
basa le r  R i c h t u n g  unvo l l s t~nd ig  (Figur  2). Die Sylvische  
F u r c h e  is t  fas t  ve r t i ka l  ge r i ch te t  und  kurz.  Die F u r c h u n g  
des Neopal l iums,  die F o r m  der  palaeo-  und  arch icor t i -  
ka len  S t r u k t u r e n  u n d  des K l e i n h i r n s  s ind fiir Mys t i ce t en  
charak te r i s t i sch .  Der  T h a l a m u s  ha t ,  im Gegensasz  zu m 
Seiwal (PILLERI ~), eine re la t iv  b re i t e  Massa  in te rmed ia .  
Der  H y p o t b a l a m u s  is t  schmal ,  v e r t i k a l  en twicke l t .  Die 

H i r n s t a m m f o r m a t i o n e n  h a b e n  eine g e m e i n s a m e  A c h s e  
die y o n  de r  Mi t re  der  Massa  i n t e r m e d i a  zur  u n t e r e n  Ol ive  
verl / iuft .  Die Medul la  o b l o n g a t a  schliesst  m i t  d e m  Zerv ika l -  
m a r k  e inen  dorsa l  o f fenen  ~Vinkel v o n  120 ~ ein. 

V e r g l e i c h e n d - a n a t o m i s c h  b e t r a e h t e t  weis t  das  G e h i r n  
des B lauwals  die fiir Mys t i ce t en  t y p i s c h e n  Merkma le  auf. 
Mit  den  i ibr igen  B a r t e n w a l a r t e n  ve rg l i chen  u n d  in Anbe -  
t r a c h t  der  z e n t r a l n e r v 6 s e n  R a n g h 6 h e ,  n i m m t  es eine 
Mi t t e l s t e l l ung  zwischen d em p r i m i t i v e r e n  G e h i r n  des 
R i g h t  W h a l e  (Eubalaena australis Desmou l in s ;  s iehe 
PILLERI 4) u n d  d e m  des Buckelwals  (Megaptera novae- 
angliae Borowski ;  s iehe PILLXRIS). H 6 h e r  als dieses 
le tz tere  s t e h t  das  Z e n t r a l o r g a n  des Seiwals (Balaenoptera 
borealis Lesson;  siehe PILLERIa). Dabe i  s ind diese R a n g -  
s tu fen  v o m  K 6 r p e r g e w i c h t  nnabhS~ngig, a u c h  w e n n  m a n  
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Fig. 1. Latcrale Aufimhnm des Gehivns des Blauwals (T. 260, Fig. 2. Mediale Aufimhme des Gehirns des Blauwals. 
Sammlung l)r. G. P~L~ERI). 


