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plus ieurs  enzymes  SH en  tn6me t emps ,  c o m m e  le p e n s e n t  
LUCAS et  NE~VItOUSE 11 

Plus ieurs  au t eu r s  cons id~ren t  la d6gdndrescence pig- 
m e n t a i r e  expf i r imenta le  et  celle de l ' h o m m e  c o m m e  
ident iques ,  vu que  le t a b l e a u  c l in ique  e t  les l~sions fonc- 
t ionel les  s e n t  tr~s semblab les .  Sans  voulo i r  p r e n d r e  une  
posi t ion aussi  a f f i rma t ive ,  nos r6su l t a t s  e x p 6 r i m e n t a u x  
sou lbven t  la ques t ion  de savo i r  si c e r t a in s  t y p e s  de 
ddg6n6rescence p i g m e n t a i r e  h u m a i n e  ne p o u r r a i e n t  pas  
~tre consid6r~s c o m m e  une  e n z y m o p a t h i e  famil ia le  ou 
acquise.  

S u m m a r y .  The  a u t h o r  e s t ab l i shed  t h a t ,  a t  t he  m o m e n t  
of t he  e x t i n c t i o n  of t he  e l e c t ro r e t i nog raph i c  response  
a f t e r  i .v. i n j ec t ion  of iodace ta te ,  t he  g lyce ra ldehyde -  
p h o s p h a t e  d e h y d r o g e n a s e  a c t i v i t y  is suppressed  in t he  
r e t i n a  of the  r abb i t .  

j .  FORGACS 

Clinique Universi taire d'Ophtalmologie, Gen~ve (Suisse),  
le 12 novembre, 7963. 

On the T o p o g r a p h i c a l  Differences in the Local i -  
zat ion  of Certain E n z y m e s  in T r i g e m i n a l  Gangl ion  

Cells  of Rat ~ 

P r e v i o u s l y  we h a v e  descr ibed  t he  loca l iza t ion  of a 
v a r i e t y  of e n z y m e s  in t h e  sp ina l  gang l ion  cells of r a t  2. The  
p r e sen t  s t u d y  is conce rned  w i t h  t he  d i s t r i b u t i o n  of ce r t a in  
e n z y m e s  in t r i g e m i n a l  gang l ion  cells of t h e  same  an imal .  
F r o m  the  words  of PEEL 3, ' t h e  semi lunar ,  or gasser ian  
gangl ion,  c o m p a r a b l e  to  t h e  pos te r io r  r oo t  gangl ion  of a 
sp ina l  n e r v e '  we would  e x p e c t  t h e  e n z y m a t i c  d i s t r i b u t i o n  
in t r i g e m i n a l  gang l ia  to  be  t he  s ame  as t h a t  in sp ina l  
gangl ia ,  ye t  we f ind t h a t  t he re  are  d i s t i nc t  t o p o g r a p h i c a l  
d i f ferences  in  loca l iza t ion  of c e r t a i n  enzymes ,  b e t w e e n  t he  
two.  

In  t h e  p r e s e n t  e x p e r i m e n t s  t r i g e m i n a l  gangl ia ,  o b t a i n e d  
f rom n o r m a l  h e a l t h y  ra ts ,  were sub j ec t ed  to t he  t ech-  
n iques  for a lka l ine  a n d  acid p h o s p h a t a s e s  a n d  s imple  
e s t e ra seL  succinic  d e h y d r o g e n a s e  5, c y t o c h r o m e  ox idase  6, 
g lucose -6 -phospha t a se  v, 5 -nuc leo t idase  s, a n d  specific 
cho l ines te rase  9. 

Alka l ine  p h o s p h a t a s e  h a s  been  exc lus ive ly  local ized a t  
t he  p e r i p h e r y  of the  gangl ion  cells, s imi la r  to  the  p a t t e r n  
found  in sp ina l  gang l ion  ceils. The re  is no r eac t ion  in the  
nucle i  ()r c e n t r a l  c y t o p l a s m  (Figure  1). Adenos ine  tri-  
p h o s p h a t a s e  a c t i v i t y  is s imi la r  in r eac t ion  to  t he  above ,  
a l t h o u g h  a m o d e r a t e  a m o u n t  of a c t i v i t y  is also p r e s e n t  
in  t h e  c y t o p l a s m  (Figure  2). A l t h o u g h  in sp ina l  gangl ia ,  
some cells show a p e r i p h e r a l  c o n c e n t r a t i o n  of adenos ine  
t r i p h o s p h a t a s e ,  in  none  of t h e m  h a s  t he  a c t i v i t y  been  
seen in t he  per ice l lu la r  area.  However ,  all  t h e  cells of t he  
t r i g e m i n a l  gang l ion  h a v e  i n v a r i a b l y  shown  a h e a v y  con-  
c e n t r a t i o n  of adenos ine  t r i p h o s p h a t a s e  a c t i v i t y  in t h e  
per ice l lu lar  zones. 

5 -Nucleo t idase  p r e p a r a t i o n s  of these  cells h a v e  g iven  a 
pos i t ive  r eac t ion  on ly  a m o n g  smal l  cells t h o u g h  no t  re- 
s t r ic ted  to the  p e r i p h e r y  of t h e  c y t o p l a s m  (cells a, F igure  
7), while  mos t  of t he  large cells are nega t i ve  (cells b, 
F igure  7). Th i s  is aga in  in s h a r p  c o n t r a s t  to t he  cond i t ion  
seen in sp ina l  gangl ion  cells wh ich  h a v e  s h o w n  5-nucleo- 
t idase  a c t i v i t y  to some degree  or  o t h e r  in all  t he  cells. 

Succinic  d e h y d r o g e n a s e  p r e p a r a t i o n s  (Figure  4) as well 
as e y t o c h r o m e  oxidase  p r e p a r a t i o n s  show a cy top l a smic  
reac t ion ,  some cells d e m o n s t r a t i n g  a pe r inuc l ea r  concen-  
t r a t i o n  of the  e n z y m e  (arrows P, F igure  4) whi le  o the r s  
show a genera l  d i s t r i b u t i o n  (arrows, F igure  4). T he  fo rmer  
p a t t e r n  ha s  been  seen in those  cases where  t he  nucleol i  
t o u c h  the  nuc lea r  wall, whereas  the  l a t t e r  a r r a n g e m e n t  is 
obse rved  when  nucleoli  are  ly ing  in t he  c e n t e r  of t he  
nuclei .  I t  shou ld  be m e n t i o n e d  t h a t  in o x i d a t i v e  p r epa ra -  
t ions  some cells show a more  in tense  c y t o p l a s m i c  r eac t ion  
t h a n  o thers .  Unl ike  a lka l ine  p h o s p h a t a s e  a n d  adenos ine  

t r i p h o s p h a t a s e  p r e p a r a t i o n s  no p e r i p h e r a l  a c c u m u l a t i o n  
of o x i d a t i v e  enzymes  is seen. 

I t  is i n t e r e s t i n g  t h a t  g lucose -6 -phospha ta se  p r epa ra -  
t ions  (F igure  5) h a v e  g iven  a pos i t ive  r eac t i on  in all  t he  
t r i g e m i n a l  gang l ion  ceils. No p e r i p h e r a l  c o n c e n t r a t i o n  of 
the  e n z y m e  was  no t iced ,  as occurs  in adenos ine  t r iphos -  
p h a t a s e  reac t ions ,  a l t h o u g h  t he  cy top l a smic  r eac t i on  in 
o t h e r  p a r t s  of t he  cell bears  a n  iden t i ca l  t o p o g r a p h i c a l  
r e l a t i onsh ip  w i t h  t he  d i s t r i b u t i o n  of adenos ine  t r i phos -  
p h a t a s e  ~0 a n d  also w i t h  acid ph t ) spha t a se  a n d  t h e  ox ida-  
t ive  enzymes .  

I t  is of i n t e r e s t  t h a t  in  sp ina l  gang l ion  cells 2, P u r k i n j e  
cells H, a n d  in ce rebra l  neu rons  ~2, we h a v e  a l r eady  s h o w n  
t h a t  w h e n e v e r  t he  nnc leo lus  t ouches  t he  nuc l ea r  wall  
t h e r e  is a c o n c e n t r a t i o n  of m i t o c h o n d r i a  a r o u n d  t he  
nucleus .  However ,  w h e n  t he  nucleolus  sh i f t s  to  t he  c e n t r a l  
p a r t  of t he  nuc leus  t h e  m i t o c h o n d r i a  are  sp read  u n i f o r m l y  
t h r o u g h o u t  t he  cy top l a sm.  Since i t  is well  k n o w n  t h a t  
o x i d a t i v e  enzymes  are  exc lus ive ly  loca ted  in m i t o c h o n -  
d r i a  13, t h e r e  is e v e r y  l ikel ihood t h a t  t he  pe r inuc l ea r  con-  
c e n t r a t i o n  a n d  genera l  d i s t r i b u t i o n  of o x i d a t i v e  enzymes ,  
as seen in t he  p r e s e n t  obse rva t ions ,  r e p r e s e n t  t he  local- 
i za t ion  of t he  enzymes  in m i t o c h o n d r i a  d i s t r i b u t e d  in 
these  p a t t e r n s .  

T h e r e  is some d i f f i cu l ty  in assoc ia t ing  the  pe r inuc l ea r  
a n d  genera l  d i s t r i t m t i o n  of acid p h o s p h a t a s e  w i th  pa r t i cu -  
lar  organel les  wh ich  m a y  be c o n c e n t r a t e d  or  d i s t r i b u t e d  
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Fig. 1, Note the per iphera l  local izat ion tff a lkal ine  phosphata~t~ in all  the ganglion cells, x 13~;. lqg. '2, Intense a r t i v i t y  of adenosine tri- 
phospha tase  in the per iphera l  and per icel lular  areas of the cells, . 3 lO.--l"i~. 3. N~te the general  d i s t r ibu t ion  (imlabc,lled arrow) ;rod the peri- 
nuclear  concent ra t ion  (arrows P) of acid phosphatase .  × 340.--lZig. I .  h leI l t i fy  the general  d is t r ibut ion  {mdahelled arrows) aud  per iuuelear  
concentration (arrows P} of v, uccinic dehydrogenase  among ratio)us eclls. - 3,1o.--l:iK. 5. IN~,~ili~'e cy top lasmic  react ion f~Jr ~luco~e-6-phos- 
pha tase  among  different  ceils, x 136,--Fig.  6. Disting, uish the per inuelear  e~meentration (arr~ws l'c) a~ut general  di,~ti*ibution (unlabel led 
arrow) of s imple  esterase among  ganglkm cells, x a- |O,--l:ig. 7. Ident i fy  the posi t ive (a} and iteg~ative (b) ceils in 5-mlcleot idase prepara t ion .  
X 340, - -F ig .  8. Note the three pa t t e rns  of specific cholinesterase react ion among different  cells:  eyt~qdasulic (cells a), nega t ive  (ceils b) and  

per ipheral  (arrow). :< 3.10, 
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in s imi la r  p a t t e r n s .  BECKER et  al. ~4 work ing  w i t h  neurons ,  
h a v e  suggested  t h a t  acid p h o s p h a t a s e  is assoc ia ted  w i t h  
lysosomes.  R e c e n t l y  OGAWA a n d  SHINONAGA is, f rom 
e lec t ron  microscopica l  s tud ies  of cu l t u r ed  f ib rob las t s  of 
ch ick  e m b r y o  origin,  h a v e  sugges ted  t h a t  acid p h o s p h a -  
tase  is localized in t he  m e m b r a n e s  of lysosomes.  T h e y  
r e m a r k  t h a t  ' t h e  e n d o p l a s m i c  r e t i c u l u m  a n d  p e r h a p s  t h e  
Golgi a p p a r a t u s  are i n v o l v e d  in t h e  f o r m a t i o n  of lyso- 
somes ' .  I t  is of i n t e r e s t  to  m e n t i o n  here  t h a t  in  sp ina l  
gang l ion  cells we h a v e  descr ibed  t he  loca l iza t ion  of t he  
Golgi bodies  in  pe r i nuc l ea r  a reas  in  some cells, whe reas  
t h e r e  is a genera l  d i s t r i b u t i o n  in  o the r s ' " .  I n  t h e i r  topo-  
g raph ica l  a r r a n g e m e n t  these  s tages  a re  iden t i ca l  w i t h  
acid p h o s p h a t a s e  d i s t r i b u t i o n  seen in the  p r e s en t  s tudies .  
Therefore ,  i t  seems possible  t h a t  acid p h o s p h a t a s e  is 
e i t he r  local ized in t he  Golgi  bod ies  or  in  lysosomes 
de r ived  f rom t h e  Golgi  bodies.  

S imple  es te rase  p r e p a r a t i o n s  h a v e  d e m o n s t r a t e d  i n t r a -  
cy top l a smic  d i s t r i b u t i o n  of t h e  e n z y m e  in t w o  p a t t e r n s :  
pe r inuc l ea r  (arrows P, F igu re  6) a n d  genera l  (arrows, 
F igure  6). i n  t h i s  r e spec t  t h e  e n z y m a t i c  loca l iza t ion  re-  
sembles  t h a t  of acid p h o s p h a t a s e  a n d  o x i d a t i v e  enzymes ,  
a n d  differs f rom t h e  p e r i p h e r a l  loca l iza t ion  of a lka l ine  
p h o s p h a t a s e  a n d  adenos ine  t r i p h o s p h a t a s e .  All  the  cells of 
t he  t r i g e m i n a l  gang l ion  are  pos i t ive  for s imple  es te rase  to  
some degree or  o ther .  I n  th i s  r e spec t  t h e y  differ  f rom 
specific cho l ines te rase  p r e p a r a t i o n s  where  on ly  a few 
t r i g e m i n a l  gang l ion  cells show e n z y m a t i c  a c t i v i t y  (cells a, 
F igure  8). The  r e m a i n i n g  cells are  e i t h e r  t o t a l l y  n e g a t i v e  
cells b, F igure  8) or  show on ly  pe r iphe ra l  loca l iza t ion  

(arrow, F igu re  8). I n  sp ina l  gang l ion  of r a t  ~ none  of t he  
cells showed  exclus ive  p e r i p h e r a l  loca l iza t ion  of specific 
chol ines te rase .  

A de ta i l ed  p a p e r  d iscuss ing  t he  s ignif icance of t h e  en-  
zymes  ac t ive  in va r ious  p a r t s  of gang l ion  cells will be  
p u b l i s h e d  elsewhere .  

Zusammen/assung. Es wird  f iber die t o p o g r a p h i s c h e  
V e r s c h i e d e n h e i t  de r  V e r b r e i t u n g  d ive r se r  E n z y m e  in den  
T r i g e m i n u s - G a n g l i e n  yon  R a t t e n  be r i ch t e t .  Die B e d e u t u n g  
de r  p e r i p h e r e n  Ver t e i l ung  yon  a lka l i s che r  P h o s p h a t a s e  
u n d  a d e n o s i n e r  T r i p h o s p h a t a s e ,  de r  pe r inuk le t t r en  u n d  
a l l geme inen  V e r t e i l u n g  yon  C y t o c h r o m - O x y d a s e ,  Suc- 
c i n o d e h y d r a s e  u n d  sau re r  P h o s p h o t a s e  in den  N e u r o n e n  
wi rd  besp rochen ,  ebenfa l l s  die Ve r t e i l ung  spezif isch cho-  
l i nes t e ra se -pos i t ive r  Zel len u n d  die cycl ische V e r t e i l u n g  
v o n  5 -Nukleo t idase  in e in igen  Zellen. 

H. ]3. TEWARI a n d  G. H.  I~OURNE 

d natomy Department, Emory University, Atlanta (Georgia, 
U.S.A), November ;12, 1962. 
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S e x  C h r o m a t i n  a s  a M a r k e r  in  s o m e  R a b b i t  C e l l s  

Introduction. I n  t he  course  of a q u a n t i t a t i v e  inves t iga -  
t i on  on  t he  role of m o n o c y t e s  in  w o u n d  r e p a i r  t i ssue  
(HULLIGER a n d  ALLGOWER1), a cell m a r k e r  was  needed  to  
follow t h e  fa te  of leucocytes  for 2 to  3 weeks  in a mode l  ex- 
p e r i m e n t  of i n f l a m m a t o r y  r epa i r  t issue.  

Cell m a r k e r s  such  as r a d i o a c t i v e  isotopes,  a n d  more  re- 
cen t ly  c h r o m o s o m a l  marke r s ,  h a v e  been  used  widely.  
Most  of t he se  h a v e  c e r t a i n  l i m i t a t i ons  w h i c h  m a d e  t h e m  
useless for ou r  purpose .  R a d i o a c t i v e  i so topes  such  as t r i t i -  
a t ed  t h y m i d i n e  or  p h o s p h o r o u s  were  n o t  cons idered  sui t -  
able  since t h e  label  d imin i shes  w i t h  successive cell d ivi -  
sions.  I n  a n  ac t ive ly  p ro l i f e ra t ing  t i ssue  t he  labe l  d i sappea r s  
w i t h i n  2 to  3 weeks, unless  h i g h l y  r a d i o a c t i v e  t r a c e r  
m a t e r i a l  is used.  I n  t h i s  case i n t e r f e r ence  w i t h  n o r m a l  
cel lular  func t ions  m a y  resul t .  C h r o m o s o m a l  m a r k e r s  do 
n o t  al low morpho log ica l  i den t i f i c a t i on  of t he  cell inves t i -  
ga ted .  

The  sex c h r o m a t i n  b o d y  seemed  su i t ab l e  as a m a r k e r  
w i th  which  t he  fa te  of a c e r t a i n  cell t y p e  could be fol lowed 
in a mixed  p o p u l a t i o n  in vitro or in  d i f fus ion c h a m b e r s  in 
vivo. The  fac t  t h a t  sex c h r o m a t i n  occurs  n a t u r a l l y  in  cells 
seemed to h a v e  a n  a d v a n t a g e  over  ar t i f ic ia l  marke r s .  

I n  order  to  t e s t  t he  usefulness  of sex c h r o m a t i n  as a 
marke r ,  we a t t e m p t e d  to  d e t e r m i n e  w h e t h e r  i t  c an  be  
ident i f ied  in r a b b i t  f ib rocy tes  a n d  leucocytes .  
Materials and Methods 

Subcutaneous connective tissue was o b t a i n e d  f rom the  ab-  
d o m i n a l  region of 6 male  and  6 female  r abb i t s .  P a r t  of 
t h i s  t i ssue  was f ixed a n d  sec t ioned,  f rom some whole  
m o u n t s  were  made ,  and  t h e  res t  was  e x p l a n t e d  in sma l l  
pieces on  coverglasses  in  p l a s m a  clots  (50% r a b b i t  p l a sma ,  
50% H a n k s  sa l t  solut ion)  and  i n c u b a t e d  for 10 to 16 days  

in  rol ler  tubes  w i th  25% r a b b i t  s e rum a n d  75% Eag le ' s  
so lut ion.  

Leucocytes f rom the  same  a n i m a l s  were c o n c e n t r a t e d  
f rom c a n n u l a t e d  ca ro t i d  a r t e r y  b lood  b y  cen t r i fuga t ion ,  
e x p l a n t e d  as b u f f y  coa t  pieces in  p l a s m a  clots  a n d  incu-  
b a t e d  for 6 to  20 days .  

Cytological methods. Blood smears ,  whole  m o u n t s  of con-  
nee t ive  t i ssue  a n d  cu l tu res  of leucocytes  a n d  I ib rocy te s  
were  f ixed in 95% alcohol  a n d  s t a i ned  acco rd ing  to t h e  
Feu lgen  m e t h o d .  Sex c h r o m a t i n  was c o u n t e d  us ing  a 95 × 
ob jec t ive  a n d  a 10×  ocular .  A t  l eas t  100 nucle i  were exa-  
mined ,  o f t en  500. Only  n o n - p y c n o t i c  nucle i  w h i c h  were 
n o t  fo lded or o v e r l a p p i n g  were considered.  Ova l  nucle i  
w i t h  f ine ly  d i s t r i b u t e d  c h r o m a t i n  were cons idered  as be-  
long ing  to f ibrocytes .  T h e  pos i t ion  of t i le sex c h r o m a t i n ,  
w h e t h e r  a t  t he  p e r i p h e r y  of t he  nuc leus  a n d  a d j a c e n t  to  
t h e  m e m b r a n e  or free in t he  c y t o p l a s m  was n o t e d  a n d  
nucle i  w i t h  two sex c h r o m a t i n  bodies  were r ecorded  
sepa ra te ly .  
Results 

Connective tissue. I n  f resh ly  i so la ted  c o n n e c t i v e  t i ssue  
of t h e  r abb i t ,  t h e  nucle i  are  folded a n d  dense ly  s t a i n e d  so 
t h a t  sex c h r o m a t i n  c a n n o t  be  iden t i f i ed  (Figure  1). F ib ro-  
cy tes  growing  in vitro f rom a n  excised piece of c o n n e c t i v e  
t i ssue  h a v e  f la t  ova l  nucle i  wi th  f ine ly  d i s t r i b u t e d  chro-  
m a t i n .  The  sex c h r o m a t i n  can  be  iden t i f i ed  in 84 93% 

O /  (average  = 91.5/o)  of all  female  cells. C o m b i n e d  sex chro-  
m a t i n  f requencies  for all  cu l tu res  f rom female  (Figure  2) 
a n d  male  (Figure  3) c o n n e c t i v e  t i ssue  are  g iven  in Tab le  I. 
L i t t l e  d i f ference was  o b t a i n e d  if 500 i n s t ead  of 100 nuclei  
were coun ted .  

a L. HULLIGER and M. ALLG6WER, in preparation (1963). 


