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aerobic  glycolyses  a re  lowered b y  I A  4,12. I n  v iew of t h e  
i m p o r t a n c e  of r e t i na l  g lucose  m e t a b o l i s m  in t h e  ch ick  ~a, 
t h e  S D H  increase  in t h i s  e x p e r i m e n t  m a y  s imp ly  ind ica t e  
a n  e l eva t ed  e n z y m e  a c c u m u l a t i o n  due  to  th i s  inh ib i t ion .  
On  t h e  o t h e r  h a n d ,  i t  m a y  also i nd i ca t e  t he  acce le ra ted  
r a t e  of o x i d a t i v e  ac t iv i t i e s  of t h e  v i sua l  cell w i t h  such  
non-g lucose  s u b s t r a t e s  as g l u t a m a t e  a n d  a s p a r t a t e  seen 
in  m a m m a l s  a4. I n  t h e  I A - t r e a t e d  r a b b i t ,  t h e  s igni f icance  
of t h e  hoxose  m o n o p h o s p h a t e  s h u n t  p a t h w a y  h a s  b e e n  
e m p h a s i z e d  1~, a l t h o u g h  in ch ick  e m b r y o s  t h e  h i s tochemica l  
r eac t ion  of e n z y m e s  of t h i s  p a t h w a y  was negl igible  1~. 

Rdsumd. P a r  l ' i n j ec t i on  d ' i o d o a c 6 t a t e  d a n s  l 'oeuf de  
poute,  o n  peu t ,  p a r  l ' ana ly se  h i s t o c h i m i q u e  e t  l ' u sage  du  
mic roscope  61ectronique,  d 6 m o n t r e r  la  pr6sence  d ' u n e  aug-  

m e n t a t i o n  de  l ' a c t i v i t 6  du  succ inodShydrog6nase  p e n d a n t  
la  p6r iode  e m b r y o n n a i r e .  
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T h e  S u b s t a n t i a  G e l a t i n o s a  of R o l a n d o  

Ear l i e r  a n a t o m i c a l  s tud ies  of t he  t e r m i n a l  d i s t r i b u t i o n  
of dorsa l  roo t  a x o n s  in t he  ca t  a n d  rhesus  m o n k e y  1,* 
d e m o n s t r a t e d  t e r m i n a l  f ibers  of:  (1) mass ive  p r o p o r t i o n s  
in  t h e  nuc leus  p rop r iu s  co rnus  dorsalis ,  c e n t r o b a s i l a r  
reg ion  of t he  dorsa l  h o r n  a n d  a c c o m p a n y i n g  zona  in te r -  
m e d i a  (plexus du  n o y a u  gris i n t e rm6d ia i r e  of RAM6N Y 
CAJAL), Clarke ' s  co lumn,  n. cervical is  cen t ra l i s  a n d  i ts  
ros t r a l  c o n t i n u a t i o n  i n to  t h e  c a u d a l  m edu l l a  (nucleus  of 
Sti l l ing),  nuc leus  i n t e r m e d i o m e d i a l i s  t h o r a c o l u m b a l i s ,  a n d  
(2) a d d i t i o n a l  n u m e r o u s  c o n n e c t i o n s  a r o u n d  ax ia l  a n d  
a p p e n d i c u l a r  v e n t r a l  h o r n  m o t o r  neurons .  T h e  s a m e  
s tud ies  failed, however ,  t o  p r o v i d e  conc lus ive  ev idence  for 
s y n a p t i c  c o n t a c t s  w i t h  cells of t he  s u b s t a n t i a  ge la t inosa ,  
a l t h o u g h  a t e r m i n a l  p lexus  was  seen a r o u n d  t h e  ove r ly ing  
m a r g i n a l  cells of Waldeye r ,  a n d  a n  e x t r e m e l y  dense  
t e r m i n a l  a r b o r  iden t i f i ed  in t h e  large  u n d e r l y i n g  nuc leus  
p r o p r i u s  co rnus  dorsa l i s  (Figure  1). O t h e r  s tud ies  also h a v e  
been  done  in t h e  ca t  us ing  t h e  se lec t ive  s i lver  i m p r e g n a t i o n  
m e t h o d  of NAUTA for d e g e n e r a t e d  f ibers  3-8, ye t  t h e  resu l t s  
h a v e  s o m e t i m e s  been  di f ferent .  SZENT~GOTHAI s, a n d  
SPRAGUE a n d  HA s r epo r t ed  f ind ing  t e r m i n a l  f ibers  in t he  
ge la t inosa  of t h e  c a t  whi le  LIu  8,4 found  t h a t  t h e  ge la t inosa  
rece ived  v e r y  few f ibers  c o m p a r e d  w i t h  o t h e r  r ec ip i en t  
sp ina l  nucle i  such  as  t h e  nuc l eus  p rop r iu s  c o r n u s  dorsal is ,  
C la rke ' s  c o l u m n  a n d  m o t o r  v e n t r a l  h o r n  neurons .  RAL- 
STON 5 found  t h a t  t h e  nuc leus  p rop r iu s  c o r n u s  dorsal is  was  
a m a j o r  p r o j e c t i o n  a rea  for  dorsa l  r oo t  a x o n s  a n d  on ly  
r a re ly  d id  dorsa l  roo t  t e r m i n a l s  a p p e a r  to  end  in t h e  
ge la t inosa  of t h e  cat .  STERLING a n d  KUYPERS 7, u s ing  a 
modi f ied  ALBRECHT-FERNSTROM procedu re  in a d d i t i o n  to 
t h e  NAUTA-GYGAX m e t h o d ,  fai led to  f ind  t e r m i n a l s  in  t h e  
s u b s t a n t i a  ge la t inosa  (Rexed ' s  l a m i n a  I I  of these  au thors ) ,  
whi le  conf i rming ,  in t h e  same  sect ions,  t h e  p resence  of a 
mass ive  t e r m i n a l  p lexus  in t he  s u b j a c e n t  nuc leus  propr ius .  
RAM6N Y CAJAL 8, in  c o n t r a s t  to  m o s t  of these  resul ts ,  
r epo r t ed  f inding,  in  GOLGI p r e p a r a t i o n s  of m a m m a l i a n  
sp ina l  cord,  dorsa l  fun icu la r  f ibers  fo rming  dense  a rbors  
in  i n t i m a t e  c o n t a c t  u p o n  ge la t inosa  dendr i t e s .  W h i l e  lack- 
ing good ev idence  for  a dorsa l  roo t -ge la t inosa  l ink  in ou r  
o w n  s tud ies  x,2 t h e  poss ib i l i ty  could  no t  be  exc luded  t h a t  
dorsa l  r oo t  t e r m i n a l s  m i g h t ,  never the less ,  ga in  access to  
t h e  ge l a t inosa  v i a  t h e  v e n t r a l l y  d i r ec ted  ge l a t inosa  den-  
d r i t e s  p e n e t r a t i n g  t h e  n. p rop r iu s  co rnus  dorsal is% On 
t h e  o t h e r  h a n d ,  i t  a p p e a r e d  equa l ly  diff icul t  t o  ascr ibe  t h e  
p resence  of e x t r e m e l y  t i n y  n u m b e r s  of d e g e n e r a t e d  f ibers  
in  t h e  ge la t inosa  as e n d i n g  exclus ive ly  u p o n  ge la t inosa  
cells for  th i s  would  t h e n  re s t  u p o n  t he  d e m o n s t r a t i o n  t h a t  
these  f ibers  d id  no t  fo rm s y n a p t i c  j u n c t i o n s  w i t h  t he  

p e n e t r a t i n g  d e n d r i t e s  of nuc leus  p rop r iu s  n e u r o n s  9 or  
W a l d e y e r ' s  cells 9. 

T h e  c u r r e n t  e x p e r i m e n t s  were  u n d e r t a k e n  w i t h  t h e  v iew 
of p r o v i d i n g  new d a t a  which  ove ra l l  m i g h t  exp la in  b e t t e r  
t he  d i f ferences  p reva i l i ng  b e t w e e n  t h e  NAUTA da ta ,  or  i ts  
i n t e r p r e t a t i o n ,  a n d  some of  these  resu l t s  w i t h  t h e  GOLGI 
f indings .  The  pr inc ip les  of l a b o r a t o r y  a n i m a l  care  as  pro-  
m u l g a t e d  by  t h e  N a t i o n a l  Soc ie ty  for Medica l  R e s e a r c h  
were  obse rved .  R h i z o t o m i e s  were p e r f o r m e d  in ca t s  a n d  
rhesus  m o n k e y s .  Ca t s  were  a l lowed to  s u r v i v e  for  4, 7 a n d  
8 d a y s  a n d  m o n k e y s  for 1, 2, 3, 4, 5, 7, 8, 10, 1 3 a n d  14 d a y s  
pos tope ra t i ve ly .  U n d e r  deep  N e m b u t a l  anes thes ia ,  t he  
c en t r a l  n e r v o u s  s y s t e m  was per fused  w i t h  phys io log ica l  
sa l ine  fol lowed b y  10% formal in .  F u r t h e r  f i xa t i on  in 
fo rmal in  was c o n t i n u e d  b y  i m m e r s i o n  in  t he  f i xa t i ve  for  
a t  leas t  7 days.  Hor i zon ta l ,  s ag i t t a l  or  t r a n s v e r s e  sec t ions  
were cu t  above ,  t h r o u g h  a n d  below t h e  les ioned segments .  
Sec t ions  were s t a ined  acco rd ing  to  t he  m e t h o d s  of NAUTA, 
FINK a n d  HEIMER and,  w h e n  app rop r i a t e ,  c o u n t e r s t a i n e d  
for cell bodies.  A d d i t i o n a l  c o m p a n i o n  sec t ions  were s t a i ned  
for cell bodies  a n d  m y e l i n a t e d  f ibers  in  o rde r  to  fac i l i t a te  
t he  i den t i f i c a t i on  of sp ina l  nuclei  a n d  co r re la t e  these  w i t h  
t he  p a t t e r n  of f iber  a n d  b o u t o n  degene ra t ion .  

Dense  f iber  a n d  b o u t o n  d e g e n e r a t i o n  was  found  in t h e  
s u b s t a n t i a  ge l a t inosa  of R o l a n d o  in  sec t ions  t r e a t e d  
a c c o r d i n g  to t h e  FINK a n d  t{EIMER t e c h n i q u e s  a n d  t a k e n  
f rom t h e  sp ina l  cords  of c a t s  s u r v i v i n g  4 days ,  a n d  m o n k e y s  
s u r v i v i n g  3, 4, 5 a n d  7 days.  A dense  a n d  r a t h e r  p lex i fo rm 
a r r a n g e m e n t  of f iber  a n d  b o u t o n  d e g e n e r a t i o n  p r e d o m i -  
n a t e s  in  a p p r o x i m a t e l y  t he  dorsa l  ha l f  (Figure  2) of t h e  
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ge la t inosa ,  whereas ,  a ve r t i ca l  d i spos i t i on  of f ibers  a n d  
b o u t o n s  a b o u n d s  (F igure  3) in  t h e  v e n t r a l  ha l f  of t h e  
nucleus .  Spar se  t e r m i n a l  d e g e n e r a t i o n  in  t h e  ge t a t inosa  
can  also be  d e m o n s t r a t e d  in  t h e s e  cases w i t h  t h e  NAUTA 
m e t h o d .  I t  is i m p o r t a n t  to  recal l  t h a t  SZENT~{.GOTHAI'S a n d  
SPRAG~JE a n d  HA's  r e p o r t  of ge la t inosa  a f f e ren t s  were  m a d e  
in ca t s  s u r v i v i n g  4, a n d  3 a n d  5 days ,  respec t ive ly .  O u r  
p r e s e n t  r e su l t s  are  in  accord  w i t h  t h e i r  f indings .  W e  h a v e  
also seen  in  a few selected sec t ions  of t h e  m o n k e y ,  de-  
g e n e r a t e d  f ibers  cours ing  in  close a p p o s i t i o n  t o  t h e  pene-  
t r a t i n g  d e n d r i t e s  of W a l d e y e r ' s  a n d  nuc leus  p rop r iu s  cells. 
C o m p a r a b l e  para l le l  s tud ies  of dorsa l  r oo t  d e g e n e r a t i o n  
h a v e  been  p e r f o r m e d  r e c e n t l y  in  t h e  r a t  a n d  ca t  b y  
HEIMER a n d  WALL (personal  c o m m u n i c a t i o n ) .  T h e i r  
r e su l t s  also d e m o n s t r a t e  dense  b o u t o n  d e g e n e r a t i o n  in t h e  
ge l a t inosa  fo l lowing t h e  a p p l i c a t i o n  of t h e  FINK a n d  
HEIMER m e t h o d s  to  t h e  p rob l em.  

I n  s u m m a r y ,  w i t h  a p p r o p r i a t e  se lec t ion of s u r v i v a l  
t i m e s  a n d  t h e  app l i c a t i on  of t h e  NAUTA, FINK a n d  HEIMER 
m e t h o d s ,  dorsa l  roo t  t e r m i n a l  f ibers  a n d  b o u t o n s  can  be  
d e m o n s t r a t e d  u p o n  t he  p e r i k a r y a  a n d  d e n d r i t e s  of gela- 
t i n o s a  neurons ,  a n d  u p o n  t h e  p e n e t r a t i n g  d e n d r i t e s  be- 
long ing  to  W a l d e y e r ' s  a n d  nuc leus  p rop r iu s  neurons .  A 
r i che r  t e r m i n a l  p l exus  is e v i d e n t  w i t h  t h e  FINN a n d  
HEIMER m e t h o d s .  T h e  p r e s e n t  r e su l t s  serve  to  c o r r o b o r a t e  
t he  GOLGI da ta ,  exp la in  t h e  d ive r s i t y  of f ind ings  us ing  t h e  

s ame  exper inaen ta l  m e t h o d  for d e g e n e r a t e d  fibers,  a n d  
co n f i rm  a n d  e x t e n d  b y  f u r t h e r  e x a m p l e  t h e  a d v a n t a g e s  
a f fo rded  b y  use  of t h e  m e t h o d s  of FINN a n d  HEIMER 1°-1~ 
for  t h e  s t u d y  of f iber  c o n n e c t i o n s  in  t h e  c e n t r a l  n e r v o u s  
s y s t e m  x8 

Zusammen[assung. Es wird m i t  Hilfe  v o n  Degene ra t ions -  
v e r s u c h e n  bei  K a t z e n  u n d  R h e s u s a f f e n  gezeigt,  dass  Ner-  
v e n f a s e r n  aus  d e r  dor sa len  W u r z e l  a n  d en  Zel ten  d e r  
S u b s t a n t i a  ge la t inosa ,  des  D e n d r i t e n  au f  Nuc leus  dorsa l i s  
u n d  v o n  W a l d e y e r  in  de r  S u b s t a n t i a  ge la t inosa  enden .  

J.  M. PETRAS 

Department o/Neurophysiology, Walter Reed Army 
Institute o/Research, Washington D.C. 20012 (USA), 
15 May 1968. 

to R. P. FINN and L. HE1MER, Brain Res. 4, 369 (1967), 
n L. HEIMER, Brain Res. 5, 86 (1967). 
18 L. HEIMER, F. F. EBNER and W. J. H. NAUTA, Brain Res. 5, 171 

(1967). 
18 The author acknowledges, wi th warm appreciation, the fine tech- 

nical assistance of Mrs. MICmE A. VANE and Mr. C. I~:ING. 

Clarification of the Osmiophi l ic  Granules of the Rat Pinealocytes  by p-Chlorophenyla lanin  

T h e  m a m m a l i a n  ep iphys i s  ha s  long  been  suspec ted  of 
p e r f o r m i n g  a n  endoc r ine  func t i on  (cf. rev iew b y  WURT- 
MANN a n d  AXELROD, 1965), a n d  m a n y  a u t h o r s :  B o s s  a n d  
GUNEK 1, DE MARTINO e t  al. 3,3, PROp4, for example ,  h a v e  
t r i ed  b y  va r ious  e x p e r i m e n t a l  m e a n s  to  acqu i re  m o r p h o -  
logical  ev idence  t h a t  will con f i rm  t h i s  suppos i t ion .  

Our  p r e s e n t  pu rpose  is to  p u t  fo rward  t he  t e n t a t i v e  
resu l t s  of our  s tud ies  in  f a v o u r  of t he  h y p o t h e s i s  s t a t e d  b y  
DE MARTINO et  al., who  suspec t  t he  osmiophi l ic  g ranu les  
in  t h e  r a t  ep iphys i s  of c o n t a i n i n g  se ro ton in  a n d  me la ton in .  
W e  also wish to  sugges t  how these  2 s u b s t a n c e s  could  be 
secre ted .  

A d u l t  a lb ino  r a t s  a re  g iven  2 i.p. i n j ec t ions  of 100 m g  
p - c h l o r o p h e n y l a l a n i n  (PCPA)  a t  24 h in te rva l s .  24 h a f t e r  
t he  second in j ec t ion  t he  u r e t h a n e - a n a e s t h e t i z e d  r a t s  unde r -  
go i.v. g l u t a r a l d e h y d e - p e r f u s i o n  5. The  ep iphys i s  are  pos t -  
f ixed in o s m i u m  t e t r o x i d e  a n d  e m b e d d e d  in E p o n  e. U l t r a -  
t h i n  sec t ions  a re  d o u b l y  s t a i ned  w i t h  2 %  u r a n y l  a c e t a t e  
a n d  w i t h  lead c i t r a t e  ~. 

T h e  p inea locy te s  of con t ro l  r a t s  f ixed in s imi la r  condi -  
t i ons  c o n t a i n  osmiophi l ic  g ranu les  t h a t  a re  e i t h e r  i so la ted  
or  g rouped  in smal l  c lus te r s  (Figure  1), a n d  whose  e lec t ron-  
d e n s i t y  var ies  f rom b l ack  to  grey.  Severa l  c i s t e rnae  of 
s m o o t h  endop l a smic  r e t i cu lum,  as well  as n u m e r o u s  poly-  
somes  were  obse rved  s u r r o u n d i n g  t h e  granules .  These  are  
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Fig. 1. Pinealocytes of a control rat, showing the characteristic 
appearance of osmiophilie granules (G). These arc surrounded by 
both cisternae of smooth endoplasmic reticulum (]') as well as by 
numerous potysomes (~ ) .  The pineatocytes are separated from the 
perivascular space (pv) by a thin basement menlbrane. N, nucleus; 
is, iuterceUular cleft, x 11,900. 


