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I t  has  been  c la imed  t h a t  p a t i e n t s  w i t h  neop lasms  h a v e  
an  increased  r e q u i r e m e n t  for v i t a m i n  BI~. C a r c i n o m a  
ceils, l ike n o r m a l  cells, need  B1, and  the  in f i l t r a t ive  g r o w t h  
of t h e  ca rc inomas  could poss ib ly  increase  t he  d e m a n d  for  
Btz 4. Fol lowing in j ec t ion  of v i t a m i n  B ~2 increased  g r o w t h  
has  been  r epo r t ed  in some sa r comas  a. 

4-Iodophenylalanine. This  a m i n o  acid ha s  earl ier  b e e n  
found  to localize a l m o s t  se lec t ively  in t he  exocr ine  
panc rea s  of n o r m a l  mice% The  subs t ance  a p p e a r e d  to  
be  t r a n s p o r t e d  across t he  p a n c r e a t i c  cell m e m b r a n e  
s imi la r ly  to  an  ' o r d i n a r y '  a m i n o  acid b u t  n o t  to  be  
accep ted  in t he  p ro t e i n  syn thes i s  and  the re fore  r ap id ly  
r e t u r n e d  to  t he  blood. I n  t h e  res t  of the  b o d y  t he  d i s t r ibu-  
t ion  was v e r y  even,  a l m o s t  all  t issues h a v i n g  lower con-  
c e n t r a t i o n  t h a n  t h e  blood.  

I n  t he  p r e sen t  inves t iga t ion ,  a c o n c e n t r a t i o n  of 4-iodo- 
p h e n y l a l a n i n e  e s t i m a t e d  to  a p p r o x i m a t e l y  3 t imes  t h a t  
of b lood was seen in the  ac t ive ly  growing p a r t s  of t h e  
Eh r l i ch  asci tes  cell t u m o u r  (Figure 2). The  l y m p h a t i c  
l eukemia  showed  s o m e w h a t  h igher  c o n c e n t r a t i o n  t h a n  
t he  blood, while  t h e  soft  f ib rob las t ic  os t eosa rcoma  d id  
no t  t ake  up  t he  drug.  

Unl ike  v i t a m i n  B ~  4 - iodopheny la l an ine  d id  no t  stlow 
a n  u p t a k e  which  co r re la t ed  w i th  the  g r o w t h  r a t e  of t he  
tu rnou t ,  s ince t h e  sof t  f ib rob las t ic  o s t eosa rcoma  grew 
fas te r  t h a n  t he  E h r l i c h  asci tes  cell t u m o u r  b u t  d id  n o t  
c o n c e n t r a t e  t he  drug.  Ra t he r ,  i t  would seem t h a t  t h e  
Eh r l i ch  asc i tes  cells and  to a less e x t e n t  t he  l y m p h a t i c  
l eukemic  cells h a v e  a m e m b r a n e  t r a n s p o r t  s y s t e m  wh ich  
can  accep t  4 - iodophenyla lan ine ,  wh ich  is no t  t he  case 
for t he  cells of t he  sof t  f ib rob las t ic  os t eosa rcoma  or t h e  
ceils of m o s t  n o r m a l  t issues.  This  m a y  be  of in t e res t  
w i th  r ega rd  to  t he  poss ib i l i ty  of s l ight ly  mod i fy ing  n a t u -  
ra l ly  occurr ing  compounds ,  such  as amino  acids, sugars,  
nucleosides,  v i t a m i n s  etc., to  o b t a i n  select ive local iza t ion  
in t umour s .  A n o t h e r  non  n a t u r a l  amino  acid which  ha s  

been  found  to  a c c u m u l a t e  in  ce r t a in  t u m o u r s  w i t h o u t  
be ing  i nco rpo ra t ed  in to  p ro te ins  is 1 - aminocyc lopen t ane  
ca rboxy l i c  acid 7. 

One p rac t i ca l  consequence  f rom our  f indings  m i g h t  
be  t he  use of g a m m a - e m i t t i n g  v i t a m i n  BI~ or 4-iodo- 
p h e n y l a l a n i n e  for  cl inical  loca l iza t ion  of tu rnou ts .  How-  
ever,  these  c o m p o u n d s  do no t  a c c u m u l a t e  equal ly  in  all  
t u m o u r s  and  a c o m p r e h e n s i v e  m a p p i n g  of t h e i r  u p t a k e  
in d i f fe ren t  neop l a sms  in var ious  species m u s t  be done  
before  t he i r  poss ible  use as t u m o u r  d iagnos t ic  agen ts  
can  b e  appra i seds .  

Zusammen/assung. Die V e r t e i l u n g  yon  r a d i o a k t i v e m  
V i t a m i n  B12 u n d  4 - J o d p h e n y l a l a n i n  in t u m o r t r a g e n d e n  
M/~usen wurde  g a n z t i e r a u t o r a d i o g r a p h i s c h  u n t e r s u c h t .  
Die gr6ss te  A u f n a h m e  von  Blz wurde  im weichen  f ibro-  
b l a s t i s chen  Os t eosa rkom gefunden,  w g h r e n d  4 - Jodpheny l -  
a l an in  in e inem E h r l i c h - A s c i t e s - T u m o r  a u f g e n o m m e n  
wurde.  
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Hepatic Carcinogenesis  Threshold and Biphasic Mitochondrial Swell ing Response in the Guinea- 
Pig During Diethylnitrosamine Administrat ion 1 

The  re f rac tor iness  of t he  gu inea-p ig  to t he  carc inogenic  
ac t ion  of a m i n o  azo dyes  a n d  a r o m a t i c  amines ,  and  t h e  
res i s tance  of th i s  species to  carc inogenic  agen t s  in  general ,  
is well  known.  I t  was  r epo r t ed  p rev ious ly  ~ t h a t  feeding 
of t he  p o t e n t  hepa toca rc inogen ,  3 ' -me thy l -4 -d ime thy l -  
a m i n o a z o b e n z e n e  (3 ' -Me-DAB),  to  guinea-pigs,  even  a t  
t he  h igh  level  of 0 .12%, does no t  affect  t he  p a t t e r n  of 
swell ing of i sola ted l iver  m i t o c h o n d r i a .  A l t h o u g h  th i s  is in 
s t r ik ing  c o n t r a s t  w i t h  t he  obs e r va t i ons  on  r a t s  2-5, i t  is 
no t  ac tua l ly  u n e x p e c t e d  in v iew of t he  re f rac tor iness  of 
t he  gu inea-p ig  to azo dye  carc inogenesis  a n d  t he  well- 
e s tab l i shed  cor re la t ion  be t w een  t he  onse t  of carc inogenesis  
a n d  a l t e r a t i ons  of m i t o c h o n d r i a l  swell ing 2,3,5 in t he  ra t .  
The  r epo r t  b y  ARGUS a n d  HOCH-LIGETI s on  t h e  p o t e n t  
hepa toca rc inogen ic  a c t i v i t y  of d i e t h y l n i t r o s a m i n e  (DEN) 
in the  gu inea-p ig  e l i m i n a t e d  t he  no t ion  ~ha t  th i s  species 
is endowed  wi th  specific cancer  res is tance.  Hence ,  th i s  
f ind ing  p r o m p t e d  a n  i nves t i ga t i on  of the  possible  effect  
of D E N  a d m i n i s t r a t i o n  on  t he  swell ing response  of hepa t i c  
m i t o c h o n d r i a  of t he  gu inea-p ig  a n d  t he  corre la t ion,  if 
any,  b e t w e e n  t he  swell ing response  and  t he  t h r e sho ld  of 
DEN=induced  hepa t i c  tumor igenes is .  

Materials and methods. R a n d o m - b r e d  male  guinea-pigs  
( smoo th -ha i r ed  var ie ty) ,  housed  s ingly in a cage, were 

used. The  we igh t  r ange  a t  t he  beg inn ing  of t he  experi-  
m e n t s  was  170-260 g. The  an ima l s  were m a i n t a i n e d  on  
P u r i n a  r a b b i t  chow ad  l ib i tum,  and  v i t a m i n  C was 
suppl ied  d u r i n g  D E N  a d m i n i s t r a t i o n  b y  depos i t ing  on  
t he  b a c k  of t he  tongue,  3 t i m e s  weekly,  100 m g  ascorbic  
acid in so lu t ion  in 1 ml  wa te r ;  in  t he  dose-response s tudy,  
a f te r  t he  respec t ive  per iods  of D E N  a d m i n i s t r a t i o n  t h e  
v i t a m i n  C dos ing  was  s u b s t i t u t e d  b y  a n  a b u n d a n t  da i ly  

1 Supported by Research Grants Nos. CA-05431 and CA-05793 
from the National Cancer Institute, United States Public Health 
Service. The expert technical assistance of Mrs. SHIRLEY B. BEMIS 
with the mitotic indexes is gratefully acknowledged. 

2 j .  C. ARcos, H. H. GoscH and D. ZICKAFOOSE, J. biophys, bio- 
chem. Cytoi. lO, 23 (1961). 

a j .  C. ARcos, G. W. GRIFFITH and R. W. CUNNINGHAM, J. biophys. 
biochem. Cytol. 7, 49 (1960). 
H. H. GoscH, J. C. ARcos and M. F. ARGUS, Nature 195, 1179 
(1962). 

5 j .  C. ARCOS, J. B. MATHISON, M. J. TisoN and A. M. MOULEDOUX, 
Cancer Res., in press. 

6 M. F. ARGUS and C. HOCH-LmETI, J. Hath. Cancer Inst. 30, 533 
(1963). 



EXPERIENTIA 25/3 Specialia 297 

s u p p l y  of f r e s h  g reens .  D i e t h y l n i t r o s a m i n e  w a s  a d m i n i s -  
t e r e d  in  t h e  d r i n k i n g  w a t e r  a t  t h e  l e v e l  of  0 .042 ml/1, 
m a d e  u p  f r e s h  d a i l y .  T h e  a v e r a g e  d a i l y  i n t a k e  w a s  1.2 m g  
D E N / g u i n e a - p i g .  T h e  d o s e - r e s p o n s e  e x p e r i m e n t s  w e r e  
c a r r i e d  o u t  a s  p r e v i o u s l y  3 in  r a t s  w i t h  a n  azo  d y e  ca r -  
c i n o g e n .  I n  t h e  p r e s e n t  s t u d y  t h e  g r o u p s  c o n t a i n e d  
2 3 - 2 5  g u i n e a - p i g s  each ,  D E N  w a s  a d m i n i s t e r e d  for  p e r i o d s  
f r o m  4 - 2 4  w e e k s ,  a n d  a l l  a n i m a l s  w e r e  s a c r i f i c e d  a t o t a l  
of 12 m o n t h s  a f t e r  t h e  b e g i n n i n g  of t h e  e x p e r i m e n t  7. T h e  
i s o l a t i o n  of l i v e r  m i t o c h o n d r i a  ( in 0 . 4 4 M  s u c r o s e  p l u s  
0 . 0 0 1 M  e t h y l e n e d i a m i n e t e t r a a c e t a t e )  a n d  t h e  m e a s u r e -  
m e n t  of m i t o c h o n d r i a l  s w e l l i n g  2-4, a n d  t h e  d e t e r m i n a t i o n  
of t h e  m i t o t i c  i n d e x  s o n  t i s s u e  s a m p l e s  t a k e n  in  t h e  
s w e l l i n g  s t u d i e s  w e r e  c a r r i e d  o u t  a s  p r e v i o u s l y .  

Results and discussion. T h e  d o s e - r e s p o n s e  of  D E N -  
i n d u c e d  h e p a t i c  t u m o r i g e n e s i s  in  t h e  g u i n e a - p i g  is s h o w n  
in  F i g u r e  1. N o  t u m o r s  a p p e a r e d  in  t h e  g r o u p s  w h i c h  

r e c e i v e d  t h e  c a r c i n o g e n  a t  t h i s  d o s e  l e v e l  fo r  4 or  8 
w e e k s ;  h o w e v e r ,  t h e r e  w a s  a 2 1 %  t u m o r  i n c i d e n c e  i n  
t h e  g u i n e a - p i g s  w h i c h  r e c e i v e d  D E N  for  12 w e e k s .  T h e  
c u r v e  i n d i c a t e s  t h a t  t h e  o n s e t  of t u m o r i g e n e s i s  is  b e t w e e n  
8 a n d  10 w e e k s .  T h e  m i n i m u m  e f f e c t i v e  t u m o r  dose  
(TDs)  a n d  t h e  5 0 %  t u m o r  d o s e  (TDs0) of  D E N  i n  g u i n e a -  
p i g s  u n d e r  t h e  p r e s e n t  e x p e r i m e n t a l  c o n d i t i o n s  a r e  86 m g  

? The authors are greatly indebted to Dr. CORNELIA HOCH-LIGETI 
for histopathological examinations. 
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Effect of diethylnitrosamine administration on the hepatic mitotic 
index of guinea-pigs~ 
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Fig. 1. Hepatic tumor incidence in 6 groups of guinea-pigs (23 25 
aniinals each) as a function of the time of administration of diethyl- 
nitrosainine (DEN) at the average daily oral dose of 1.2 mg. The 
initial weight and diet ot the animals, and the mode of DEN adminis- 
tration, were as in footnote~, of the Table. In all groups the final 
tumor incidence was deternfined after 12 months. 

Weeks of diethyl- Total number Mitotic 
nitrosamine administration b of cells counted index o 

0 731 3.1 
1 849 4.9 
2 805 5.5 
3 642 4.2 
4 794 4.4 
5 813 6,3 
6 814 6.4 
8 825 7.5 

10 885 8.5 
13 996 9.6 
16 888 8.8 
20 678 7.8 

The tissues were prepared and the numbers of ceils in mitosis were 
counted as previously described s. b The guinea-pigs weighed 
170 260 g at the beginning of administration. They were maintained 
on Purina rabbit  chow diet supplemented with 100 ing ascorbic 
acid administered orally 3 times weekly. Diethylnitrosamine was 
administered in the drinking water; the average daily intake was 
1.2 mg/animal, o The mitotic index represents the percent of the 
total nuclei counted which were in mitosis. For each interval  of 
administration the mitotic indexes of 5 individual guinea-pigs were 
averaged. 
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Fig. 2. Swelling of guinea-pig liver Initochondria as a function of the time of adnlinistration of diethyhlitrosamine (DEN) at the 
average daily oral dose of 1.2 rag. The initial  weight and diet of the animals, and the mode of DEN administration, were as in footnote b 
of the Table. The terminal absorbance change was calculated from the absorbance at  40 rain (at 520 nm; 23-25 ~ relative to the zero 
time value. When swelling was induced by thyroxine (1 • 10 5M), phosphate (4 • 10-4M), glutathione (5 • 10 aM), NAD (5 • 10-3M) 
and Ca ++ (5 • 10-3M) the assay was carried out in 0.30M sucrose; whei1 swelling was induced by hypotonicity the assay medium was 
0.17M sucrose without inducer agents. Both sucrose media were buffered with 0.02M Tris hydroxymethyl  aminomethane (pH 7.4). 
Each point in the curves represents the mean values of 5 experiments. 
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a n d  122 mg, respect ively ,  as e v a l u a t e d  f rom t he  p r o b i t  
p lo t  of t he  dose-response.  

F r o m  the  v e r y  onse t  of a d m i n i s t r a t i o n  D E N  br ings  
a b o u t  an  increase  in t he  n u m b e r  of mi toses  in  t he  l iver.  
The  Tab le  shows t h a t  t h e  m i t o t i c  i ndex  g radua l ly  
increases  d u r i n g  a d m i n i s t r a t i o n  and  reaches  t he  h ighes t  
level a t  13 weeks, wh ich  is b e y o n d  t he  t umor igenes i s  
th resho ld .  Since t he  a n i m a l  e x p e r i m e n t s  were a l r eady  
t e r m i n a t e d  a t  t he  t i m e  w h e n  t he  m i t o t i c  indexes  were 
read,  no t i ssue  sample  was t a k e n  b e y o n d  20 weeks of 
a d m i n i s t r a t i o n .  Thus ,  f u r t h e r  e x p e r i m e n t s  will be  neces- 
sa ry  to a sce r t a in  w h e t h e r  t he  13-week m i t o t i c  index  
r ep resen t s  t he  beg inn ing  of a p l a t eau  or a t r ue  m a x i m u m  
(as sugges ted  b y  t he  Table)  b e y o n d  which  t h e  mi to t i c  
i ndex  of l iver  t i ssue  g radua l ly  decreases.  The  here  obse rved  
g r adua l  increase  of t he  hepa t i c  m i t o t i c  i ndex  in guinea-  
pigs d u r i n g  DEN-ca rc inogenes i s  is in  a g r e e m e n t  w i t h  t he  
f ind ings  in r a t s  8. 

Un l ike  3 ' -Me-DAB2 ( inac t ive  in t he  guinea-pig) ,  D E N  
which  is h igh ly  carc inogenic  t o w a r d  t he  l iver  of th i s  
species also b r ings  a b o u t  d ras t i c  changes  in t h e  swell ing 
of l iver  m i t o c h o n d r i a  (Figures 2 a  a n d  2b).  However ,  
t he  DEN-e l i c i t ed  a l t e r a t ions  of m i t o c h o n d r i a l  swell ing 
response  in t he  gu inea-p ig  are m u c h  more  complex  t h a n  
t he  s imple  m o n o p h a s i c  change  obse rved  w i t h  3 ' -Me-DAB 
in  t h e  r a t  ~,5. \ u  D E N  in t he  gu inea-p ig  t h e  p a t t e r n s  
el ic i ted b y  t he  swel l ing- inducer  agen t s  s tud ied  here  can  
be  g rouped  in 2 classes: (A) those  showing  a n  ear ly  
s h a r p  m a x i m u m  a t  2 or 3 weeks followed b y  a decrease  
of swell ing and,  again,  a s u b s e q u e n t  apprec iab le  rise 
t e r m i n a t i n g  a t  8-10 weeks (Figure  2a) ;  and  (B) those  

showing  no  change  of swelling, or a g r adua l  v e r y  smal l  
increase  up  to  11-13 weeks, a t  wh ich  t i m e  a m a r k e d  
decrease  of swell ing begins.  Whi le  t he  exac t  b iochemica l  
s ignif icance of t he  2 types  of swell ing responses  is n o t  
u n d e r s t o o d  a t  t he  p re sen t  t ime,  the  changes  (observed  
w i th  inducers  of class A) t e r m i n a t i n g  a t  8-10 weeks a n d  
the  changes  (observed  w i t h  inducers  of class B) b e g i n n i n g  
a t  11-13 weeks, a p p e a r  to  m a r k  t he  conclus ion a n d  onset ,  
respect ively ,  of 2 consecu t ive  processes of m i t o c h o n d r i a l  
a l t e r a t i ons  b o t h  requ i red  to  b r ing  a b o u t  the  neop las t i c  
s ta te .  I n  fact ,  t h e  t ime  of t r a n s i t i o n  be tween  t he  2 pro-  
cesses - a t  8-10 weeks ( shaded  region in F igure  2b) - 
exac t ly  coincides  w i t h  the  m i n i m u m  t ime  of D E N  
a d m i n i s t r a t i o n  necessa ry  to induce  l iver  t u m o r s  in  t h e  
gu inea-p ig  (Figure  1). 

Rdsumd. La  corr61ation p r 6 a l a b l e m e n t  6tabl ie  en t re  
l ' inc idence  de t n m e u r s  h6pa t iques  i ndu i t s  p a r  le 3'- 
m g t h y l - 4 - d i m 6 t h y l a m i n o a z o b e n z 6 n e  e t  le gonf l emen t  de 
m i t o c h o n d r i e s  dans  le r a t  a 6t6 6 tendue  A la canc6rogen6se 
indu i t e  p a r  la d i 6 t h y l n i t r o s a m i n e  dans  le cobaye.  
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tiber die Chemodifferenzierung der Stammgangl ien  der Ratte 

Die S t a m m g a n g l i e n  s ind on togene t i s ch  ve r sch iedene r  
H e r k u n f t .  C laus t rum,  S t r i a t u m  u n d  Nucleus  a m y g d a l a e  
en twicke ln  sich aus  der  Anlage  des TelencephMon,  die 
Nuclei  s u b t h a l a m i c u s  u n d  endopeduncu l a r i s  aus  der  des 
Dienceoha lon .  l~ber die A b s t a m m u n g  des P a l l i d u m  be- 
s tehen  ve r sch iedene  Ans ich ten .  Fi i r  das  mensch l iche  Ge- 
h i rn  v e r t r e r e n  GRI~NTHAL 1'2 die Meinung,  das  P a l l i d u m  
geh6re  en twick lungsgesch ich t l i ch  zum  Telencepha lon ,  
SPATZ a, RICHTER 4 U. a. zum  Diencephalon .  Fi i r  das  t ie-  
r i sche  G e h i r n  b e s t e h t  eine ve rg le ichbare  Diskuss ion  a. 
Unse re  U n t e r s u c h u n g  gre i f t  diese F rages t e l lung  ftir die 
R a t t e  auf. wobe i  ausser  f~ i rber i sch- l ich tmikroskopischen  
vo r  a l lem f e r m e n t h i s t o c h e m i s c h e  Methoden  v e r w e n d e t  
werden.  F e r n e r  soll gepr i i f t  werden  ob ~ihnlich wie bei  
der  Morphod i f fe renz ie rung  die Chemodi f fe renz ie rung  der  
g e n a n n t e n  S t r u k t u r e n  in einer  b e s t i m m t e n  R i c h t u n g  
fo r t sch re i t en  und  in welcher  E n t w i c k l u n g s p e r i o d e  die 
S t a m m g a n g l i e n  ihre  endgfi l t ige A u s g e s t a l t n n g  er fahren .  
U n t e r s u c h t  w u r d e n  108 R a t t e n  zwischen d e m  18 E m -  
b r y o n a l t a g  und  d e m  45. L e b e n s t a g  sowie 11 e rwachsene  
Tiere.  

Saure  Phospha t a s e ,  T h i a m i n p y r o p h o s p h a t a s e .  Mono-  
aminooxidase ,  unspezi f i sche  Es te rase  Chol inesterase .  
Berns te ins~iuredehydrogenase ,  Glucose- 6 - P h o s p h a t d e h y -  
drogenase ,  L a c t a t d e h y d r o g e n a s e  und  N A D H  zeigen in 
d e n  d i enzepha l en  S t r u k t u r e n  e twa  u m  den  20. E m b r y o -  
n a l t a g  eme ers te  s t a rke  Akt iv i t~ i t szunahme.  E ine  ver-  
g le ichbare  S te ige rung  erfolgt  in  den  t e l enzepha l en  Teilen 
de r  S t a m m g a n g l i e n  ers t  2-3  Tage  sp~iter. Nhnl iche  zeit- 

l iche U n t e r s c h i e d e  b e s t e h e n  auch  h ins ich t l i ch  de r  Mor- 
phodi f fe renz ie rung .  S te t s  verh~ilt  s ich das  P a l l i d u m  wie 
ein d i enzepha le r  G e h i r n a b s c h n i t t .  - Saure  P h o s p h a t a s e  
u n d  T h i a m i n p y r o p h o s p h a t a s e  n e h m e n  u n t e r  den  g e n a n n -  
t e n  F e r m e n t e n  eine Sonders t e l lung  ein. I h r e  Aktivit~tt ,  
die ausschl iess l ich an  das  Z y t o p l a s m a  der  Nervenze l l en  
g e b u n d e n  ist. b le ib t  s u c h  bei  fo r t s ch re i t ende r  E n t w i c k -  
lung  in den  d i e n z e p h a l e n  Area len  h 6 h e r  als in den  te len-  
zephalen.  A u c h  diesbezi igl ich erweis t  s ich das P a l l i d u m  
als d ienzepha les  Areal :  e inschl iessl ich der  e rwachse nen  
Tiere is t  die A k t i v i t ~ t  fiir saure  P h o s p h a t a s e  u n d  Thi-  
a m i n p y r 0 p h o s p h a t a s e  im P a l l i d u m  h 6 h e r  als in C laus t rum,  
S t r i a t u m  und  Nucleus  amygda lae .  Bei  den  a n d e r e n  Fer-  
m e n t e n  (unspezif ische Es terase ,  Cholinesterase,  Succino-  
d e h y d r o g e n a s e  G lucose -6 -Phospha tdehydrogenase ,  Lac-  
t a t dehyd rogenase .  NADH~ gleichen sich die Akt iv i t~ t ten  
in den di- u n d  t e l enzepha len  S t r u k t u r e n  zwischen dem 
3. u n d  10. L e b e n s t a g  e inande r  an. wenn  s u c h  fiir die 
ve r sch iedenen  F e r m e n t e  zu un te r sch ied l i che r  Zeit.  N a c h  
dem 10. L e b e n s t a g  s te ig t  die Aktivit~it  dieser F e r m e n t e  

t E. GRiJNTHAL, Schweiz. ined. Wschr. 71. 498 (1941). 
g. GRI)NTHAL, in Beitrdtge zur Entwicklungsgeschichte und normalen 
Anatomiedes Gehirns (Ed. K. FEREMUTSCH und E. GRf)NTHAL; 
Karger, Basel 1952~. 

3 H. SPATZ, Anat. Anz. 60, 54 (19251. 
4 l~. RICHTER, Monogrn Gesamtgeb. Neurol. Psychiat. 108 (1965). 


