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a lone  be ing  des igna ted  as t he  s ubs t an t i a .  Others ,  SZENTA- 
GOTHAI 6, a n d  HEIMER a n d  WALL 7, g r a n t  t h a t  whi le  t he re  
is a s l igh t  di f ference in t he  cy toa rch i t ec ton i c s  of l am inae  I I  
a n d  I I I  t h e  f iber  connec t ions  of these  2 l am i nae  are so 
s imi la r  t h a t  t h e y  b o t h  m u s t  be  inc luded  in a def in i t ion  
of t he  subs t an t i a .  The  resu l t s  of t he  p r e s en t  s t u d y  add  
l i t t l e  c la r i f ica t ion  to  th i s  p r o b l e m  excep t  to  ind ica te  t h a t  
t he  a rea  of t he  ch ick  cord des igna ted  t he  s u b s t a n t i a  call 
also be  s u b d i v i d e d  b y  differences in  m o r p h o l o g y  and  
d e v e l o p m e n t  in to  discre te  la te ra l  and  med ia l  regions. 

Whi le  the  b o u n d a r i e s  of t h e  s u b s t a n t i a  r e m a i n  in ques-  
t ion,  t h e r e  appea r s  to  be  genera l  a g r e e m e n t  w i t h  t he  
theory ,  p o s t u l a t e d  b y  SZENTAGOTHAI 6, t h a t  t he  sub-  
s t a n t i a  is an  in t r ins ic  s y s t e m  T he  f indings  of th i s  s tudy ,  
however ,  r evea l  t h a t  t h e  large neurons ,  found  in t he  l a te ra l  
region of the  subs t an t i a ,  send  t h e i r  axons  in to  t he  pos- 
t e r io r  commissu re  in  t h e  a rea  of t he  co rnu  commissura l i s  
of Marie  (CAJALS). T h a t  these  axons  m a y  s imp ly  re -en te r  
t he  dorsa l  h o r n  a t  a more  ros t ra l  level  c a n n o t  a t  t h i s  
t i m e  be  d i sp roved  b u t  i t  is i n t e r e s t i ng  to specula te  t h a t  
t h e  large neu rons  m a y  in fac t  send  the i r  axons  to  h igher  
b r a i n  cen te r s .  A t  p r e s en t  exper imen t s ,  u t i l iz ing  degen-  
e r a t i on  t echn iques ,  are u n d e r w a y  to  t e s t  th i s  poss ib i l i ty  9. 

Rdsumd. Bas6e selon des cri t~res morpho log iques  et  
embryologiques ,  la s u b s t a n c e  g61atineuse de la mo~lle 
6pini~re des Oiseaux  p e u t  se d iv iser  en r6gions la t6ra le  
et  m*diale.  On suppose  qne  la s u b s t a n c e  g61atineuse p e u t  
~tre connec t6e  avec  les cen t res  sup6r ieurs  du  ce rveau  p a r  
les g rands  neu rones  que  l ' on  a t r o u v 6  darts la r6gion 
lat6rale.  
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Acquis i t ion  of an Embryonal  Biochemical  Feature by Rat Hepatomas 

G l u t a t h i o n a s e  spl i ts  g l u t a t h i o n e  (GSH) b y  y -g lu t amyl  
t r a n s p e p t i d a t i o n  1,~. T h e  e n z y m e  is p r e s en t  in  h igh  act i -  
v i t y  in t he  l iver  of some species, e.g. r a b b i t s  or guinea-  
pigs, b u t  in t h e  l iver  of some o the r  species as e.g. ra t ,  
G S H - a s e  a c t i v i t y  was no t  de t ec t ed  3,4. W e  d e m o n s t r a t e d  
r ecen t ly  5,s a v e r y  h igh  G S H - a s e  a c t i v i t y  in  va r ious  r a t  
h e p a t o m a s ,  in  c o n t r a s t  to  n o r m a l  a d u l t  r a t  l iver  where  t he  
a c t i v i t y  was v e r y  low. Two m e t h o d s  were used for t he  
assay  of GSFI-ase:  1) po la rographic ,  us ing  G S H  as sub-  
s t r a t e  a n d  glycylglycine  as t he  accep to r  of t he  7 - g l u t a m y l  
groupS;  2) color imetr ic ,  us ing a s y n t h e t i c  s u b s t r a t e  7- 
g lu t amy l -p -n i t r oan i l i de  (]3oehringer M a n n h e i m  Corp.), 
wh ich  l ibe ra tes  a f t e r  the  t r a n s f e r  of t he  y - g l u t a m y l  group,  
a colored p r o d u c t  p -n i t roan i l i ne  7. The  fac t  t h a t  h igh  
GSIK-ase a c t i v i t y  was obse rved  in r a t  h e p a t o m a s  which  
dif fered no t  on ly  in r ega rd  to t h e  chemica l  n a t u r e  of t he  
i nduc ing  c a r c i n o g e n s  (3 ' -methyl ,  4 - d i m e t h y l  aminoazo-  
benzene ,  DAB,  and  de r iva t i ve s  of 2-acetyl  amino-  
f luorene) ,  b u t  also in r ega rd  to  t he  r a t e  of g r o w t h  (from 
4 days  to  7 m o n t h s  b e t w e e n  t ransfers )  a n d  t he  degree of 
d i f fe ren t ia t ion ,  sugges ted  t h a t  t he  a c t i v a t i o n  of G SH-ase  
m a y  be  a n  in t r ins ic  f ea tu re  of r a t  l iver  carc inogenesis  
( ' ca rc ino t rop ic  effect ' )  s. I n  accord  w i t h  th i s  con ten t ion ,  no  
a c t i v a t i o n  of GSH-as e  was o b s e r v e d  in r egene r a t i ng  or 
t u m o r - b e a r i n g  r a t  l iver  5,6,8. Feed ing  carc inogenic  3'- 
Me, D A B  (0.06%) in  a s e m i s y n t h e t i c  d ie t  increased 
G S H - a s e  a c t i v i t y  marked ly ,  whi le  feeding non-carc ino-  
genic 2-Me, D A B  did no t  p r o d u c t  a n y  s u b s t a n t i a l  change  
in th i s  ac t iv i ty .  F igure  1 shows these  effects  a f te r  20 days  
of azodye  feeding, us ing  a po la rog raph ic  assay.  

Look ing  for t he  n a t u r e  of G S H - a s e  a c t i v a t i o n  du r ing  
carc inogenes is  in  r a t  l iver,  we found  t h a t  in  d i s t inc t ion  to  
a d u l t  ra t ,  t h e  e m b r y o n a l  and  n e o n a t a l  l ivers  c o n t a i n e d  a 
v e r y  h i g h  GSH-ase .  A t  1 h a f t e r  b i r t h  t he  a c t i v i t y  on  un i t  
of we igh t  bas is  was as high,  and  on  un i t  of D N A  a l m o s t  as 
high,  as in  Morr is  H e p a t o m a  5123A;  a t  16 h i t  was  even  
h ighe r  on d ry  we igh t  basis,  whi le  on D N A  basis  i t  was  
s l ight ly  lower.  The  a c t i v i t y  b e t w e e n  24-48 h seemed no t  

to  change  much ,  b u t  t h e n  t h e  a c t i v i t y  r a p i d l y  decl ined;  
a t  5 days  a f te r  b i r t h  i t  was  sti l l  severa l  t imes  h igher  t h a n  
in n o r m a l  a d u l t  r a t  l iver,  b u t  10 days  a f t e r  b i r t h  t h e  
a c t i v i t y  was as low as in  a d u l t  ra t .  F igure  2 i l lus t ra tes  th i s  
t r end ,  us ing  color imet r ic  m e t h o d ;  po la rog raph ic  m e t h o d  
gave  q u a l i t a t i v e l y  t h e  same  results .  

These  obse rva t ions  ind ica te  t h a t  as a resu l t  of m a l i g n a n t  
t r a n s f o r m a t i o n ,  a n e o n a t a l  b iochemica l  f ea tu re  is re- 
a c t i v a t e d  in r a t  l iver,  whereas  d i f f e ren t i a t ion  d u r i n g  
n o r m a l  d e v e l o p m e n t  leads to  t h e  suppress ion  of th i s  
e m b r y o n i c  charac te r .  W e  do no t  k n o w  ye t  w h e t h e r  t he  
a c t i v a t i o n  of GSH-ase  d u r i n g  r a t  l iver  carc inogenesis  is 
s imply  a m a n i f e s t a t i o n  of t he  p ro l i fe ra t ion  of p r i m i t i v e  
cells ( ' s t em cells') wh ich  c a n n o t  d i f fe ren t i a te  9 or w h e t h e r  
the re  is a r e a c t i v a t i o n  (derepression) i n t h e  p a r e n c h y m a l  
cells of a l a t e n t  p r o p e r t y  wh ich  is n o r m a l l y  repressed  in 
t he  a d u l t  s ta te .  The  f i rs t  a l t e r n a t i v e  is accessible to  
t e s t i ng  w i t h  a new h i s tochemica l  r eac t ion  for  y -g lu t amyl  
t r a n s p e p t i d a s e  10 which  showed  some y-G-ase (7 -g lu t amyl  
t r anspep t idase ,  GSH-ase)  a c t i v i t y  in endo the l i a l  cells of 
pe r ipo r t a l  vessels, in  t he  bi le  d u c t  e p i t h e l i m n  a n d  in 
Kupf fe r  cells, whi le  no a c t i v i t y  was de tec ted  in hepa t i c  
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Fig. 1. Activation of GSH-ase in rat liver by carcinogenic azodye 
Y-Me, DAB: Lack of aetivatiort by non-carcinogenic 2-Me, DAB. 
Polarographie assay. Enzymatic splitting of GSH manifested by a 
high max imum at -- 1.6 V (L-eysteine), following the reduction step 
of eobaltous ion at -- 1.2 V. Recorded from -- 0.8 V at the sensitivity 
1 : 50. Acetone powdered tissue (50 mg) resuspended with stirring in 
0.5 ml distilled water, incubated for 0 min and 30 rain with 3.25 
[xmoles GSH and 55 Fmoles glycylglyeine, in phosphate (0.1M) 
buffer pH 7.2. Total volume 1.2 ml. Reaction stopped with 0.1 ml 
70% perehloric acid. After centrifuging 0.1 ml of the superuatant  
added to 5 ml of Brdieka's solution (CoCI=, 1 •  NH4OH 
0.1 N, NH4OH 0.1N). (1 and 2) Basal diet, 20 days, 0 rain and 30 min. 
(3 and 4) Basal diet + 2-Me, DAB, 20 days, 0 min and 30 min. 
(5 and 6) Basal diet + 3'-Me, DAB, 20 days, 0 nfin and 30 min. 

cel ls  1~ T h e  f ac t s ,  h o w e v e r ,  s e e m  t o  b e  m o r e  c o m p a t i b l e  
w i t h  t h e  s e c o n d  a l t e r n a t i v e :  A v e r y  h i g h  G S t I - a s e  ac t i -  
v i t y  w a s  f o u n d  in  RXUBER'S h e p a t o m a  H - 1 3 9  6 w h i c h  l ike  
RSUBER'S H - 3 5  ~t is a w e l l - d i f f e r e n t i a t e d  t u m o r  c o n t a i n i n g  
g l y c o g e n ,  p r o d u c i n g  b i le  a n d  c o n t a i n i n g  t h e  l eve l  o f  
g l u c o s e - 6 - p h o s p h a t a s e  a c t i v i t y  as  h i g h  as  in  n o r m a l  a d u l t  
r a t  l i ve r  6. Al l  t h i s  t e s t i f i e s  to  t h e  o r ig in  of  t h i s  t u m o r  f r o m  
p a r e n c h y m a t o u s  l i ve r  cel ls  b y  p a r t i a l  d e d i f f e r e n t i a t i o n .  
T h e  s e c o n d  r e a s o n  s p e a k i n g  for  t h e  s e c o n d  a l t e r n a t i v e  is  
t h e  f a c t  t h a t  t h e  w i t h d r a w a l  of  t h e  c a r c i n o g e n  f r o m  t h e  
food,  p r o v i d e d  i t  w a s  d o n e  b e f o r e  t h e  ' c r i t i c a l  s t a g e  o f  
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Fig. 2. T-Glutamyl Transpeptidase (Glutathionase) in neonatal rat 
liver, adult (2 months) rat liver and in transplantable rat  hepatoma 
5123 A (Morris). Colorimetric assay. Bars illustrate milimicromoles 
p-nitroaniline liberated from 7-glutamyl-p-nitroauilide. Suspension 
of 5 mg acetone powdered tissue in 1.0 ml Tris buffer pH 7.4 was 
incubated with or without substrate in a system containing 22 
~moles of glyeylglyeine, 3 mI 0.1 M Tris buffer pH 7.6 and 5 txmoles 
L-7-glutamyl-p-nitroanilid. Total volume was 4 ml. Reaction stopped 
by heating to 100 ~ for 2 rain. After centrifugation, the amount  of 
liberated p-nitroaniline was measured as the difference in optical 
density at 410 nm between samples with and without substrate. For 
calculation, the color of substrate incubated in absence of enzyme 
was subtracted from the difference. 

c a r c inogenes i s ' 12 ,  led  to  a s u b s t a n t i a l  d e c r e a s e ,  if n o t  a 
c o m p l e t e  loss,  o f  e n h a n c e d  G S H - a s e  a c t i v i t y ,  p a r a l l e l i n g  
r o u g h l y  t h e  loss  o f  p r o t e i n - b o u n d  c a r c i n o g e n .  I t  a p p e a r s ,  
t h u s ,  t h a t  t h e  a c q u i s i t i o n  of  h i g h  G S H - a s e  a c t i v i t y  b y  r a t  
h e p a t o m a s  is  a d e r e p r e s s i o n ,  i n d u c e d  b y  h e p a t o c a r c i n o -  
gens ,  of  a n  e m b r y o n a l  p r o p e r t y  w h i c h  is  n o r m a l l y  re-  
p r e s s e d  in  t h e  a d u l t  s t a t e .  I t  is k n o w n  t h a t  in  m a n y  
t u m o r s  n e w  a n t i g e n s  a p p e a r  la. I n  t u m o u r s  of  v i r a l  o r i g in  
s o m e  of  t h e s e  a n t i g e n s  b e l o n g  to  v i r a l  g e n o m e .  B u t  in  
o t h e r  c a s e s  t h e s e  n e w l y  a p p e a r i n g  a n t i g e n s  a r e  n o t  r e a l l y  
new.  T h e y  c o r r e s p o n d  to  a n t i g e n s  w h i c h  w e r e  p r e s e n t  in  
cel ls  d u r i n g  e m b r y o n a l  d e v e l o p m e n t ,  t h e  e l a b o r a t i o n  of  
w h i c h  w a s  r e p r e s s e d  in  t h e  f u l l y  d i f f e r e n t i a t e d  s t a t e .  T h i s  
is wel l  d o c u m e n t e d  in  t h e  ca se  of  m o u s e  h e p a t o m a s  14. 
T i l e  r e l a t i o n s h i p  of a c t i v a t e d  G S H - a s e  to  t h e  a n t i g e n i c  
s t r u c t u r e  of  r a t  h e p a t o m a s  a n d  of  e m b r y o n a l  r a t  l i v e r  
t i s s u e  is p r e s e n t l y  u n d e r  i n v e s t i g a t i o n .  

Zusammen/assung. N a c h w e i s ,  d a s s  e x p e r i m e n t e l l e  H e -  
p a t o m e  in  d e r  R a t t e  e ine  h o h e  G l u t a t h i o n a s e - A k t i v i t g t  
b e w i r k e n .  D a s s e l b e  g i l t  a u c h  f i ir  d ie  e m b r y o n a l e ,  n i c h t  
a b e r  f i i r  d ie  a d u l t e  1Rat ten leber .  
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