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a n d  Metabol ic  Diseases, N I H .  The  s t a n d a r d s  used for  L H  
and  F S H ,  respect ively ,  were NIA?dD r a t - L H - R P - 1  and  
NIANID r a t - F S H - R P - 1 .  

Resulls and discussion. Analys i s  of va r i ance  ind ica t ed  
t h a t  t he  m e a n  se rum L H  c o n c e n t r a t i o n  in r a t s  of t he  
L o n g - E v a n s  s t r a in  was h ighe r  t h a n  t h a t  in  t he  Sprague-  
Dawley  ra ts .  The  effect  of t r e a t m e n t ,  w h e n  cons idered  
over  b o t h  s t ra ins ,  as well as t h e  i n t e r ac t i on  of s t r a in  w i t h  
t r e a t m e n t  were no t  s ignif icant .  However ,  a sepa ra te  
ana lys i s  of L H  ya lues  for Sp rague -Dawley  r a t s  showed 
t h a t  an ima l s  sub jec t ed  to  s h a m  surge ry  had  lower 
( P  < 0.05) L H  levels t h a n  controls .  I n  c o n t r a s t  to  LH,  
se rum F S H  c o n c e n t r a t i o n  did  no t  differ  b e t w e e n  t he  
2 s t r a ins  b u t  a s ign i f ican t  ( P  < 0.01) t r e a t m e n t  effect  was  
observed .  H e m i o v a r i e c t o m i z e d  r a t s  had  e l eva ted  s e rum 
F S t t  levels w h e n  c o m p a r e d  w i t h  e i the r  t h e  cont ro l s  or 
t he  r a t s  sub jec ted  to s h a m  surgery.  These  d a t a  e x t e n d  t he  
f ind ings  of HOWLA~I~ and  SKINNER a a n d  sugges t  t h a t  
h e m i o v a r i e c t o m y ,  no t  on ly  on  t h e  day  of estrus ,  b u t  also 
a t  l a t e r  s tages  of t h e  cycle causes  a p r o m p t  r ise in se rum 
F S H  levels. The  lack of an  effect  of h e m i o v a r i e c t o m y  on 
se rum L H  in t h i s  s t u d y  m a y  ind i ca t e  t h a t  a r ise in  t he  
level  of th i s  h o r m o n e  is no t  r equ i red  for compensagory  
ova r i an  changes  to occur. Our  d a t a  also p rov ide  ev idence  
t h a t  t h e  L H  levels as well  as t he  changes  in L H  level  in 
response  to s t ress  m a y  v a r y  w i t h  s t r a in  of r a t  6. 

Rdsumd. Des ra tes  de lign6es Sp rague -Dawley  ou Long-  
E v a n s  on t  subi  une  h 6 m i - o v a r i e c t o m i e  ou une  h6mi-  
ova r i ec tomie  simul6e. Les n i v e a u x  s6riques de L H  et  de 
FSFI on t  6t6 mesur6s  sur  des 6chan t i l lons  o b t e n u s  21 h 
apr~s le t r a i t e m e n t .  Une  h6mi -ova r i ec tomie  e n t r a i n e  une  
a u g m e n t a t i o n  des n i v e a u x  s6riques de la F S H ,  ma t s  pas  de 
LH.  Ils son t  plus  61ev6s chez  les L o n g - E v a n s  que  chez les 
S p r a g u e - D a w l e y  Chez ces derni~res,  une  op6ra t ion  
s imul6e abaisse  les n i v e a u x  s6riques de la LH.  
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Neurosecre t ion  in the Pineal  Gland of M a c a c a  r h e s u s  ~ 

I t  is well  k n o w n  t h a t  t he  m a m m a l i a n  p inea l  g land  
syn thes izes  a n d  releases i ndo leamine  h o r m o n e s  2. In  
add i t ion ,  a group of po lypep t ides  h a v e  been  e x t r a c t e d  
f rom the  p inea l  g l a n d 3 - 8  These  pep t i de  c o m p o u n d s  h a v e  
biological  a c t i v i t y  e q u i v a l e n t  to  or g rea te r  t h a n  t h a t  of 
t h e  indo leamines  and  t he  pep t ides  also m a y  be p inea l  
hormones .  Specu la t ive  i n f o r m a t i o n  on ly  is ava i l ab le  on  
t he  poss ible  secre t ion  s i te  of t he  po lypep t ides  9. A m o n g  
m a m m a l s ,  neu rosec re to ry  f ibres  h a v e  here tofore  been  
ident i f ied  on ly  in t h e  p inea l  g l and  of the  hedgehog  10-1~. 

The  p re sen t  r epo r t  deals w i t h  neu rosec re to ry  m a t e r i a l  
in t he  p inea l  g lands  of 9 a d u l t  male  and  female  m o n k e y s  
(Macaca rhesus) Our  s tud ies  h a v e  e s t ab l i shed  t he  follow- 
ing facts.  The  m o n k e y  pineal ,  1. con ta ins  neu ra l  processes  
which  s t a in  for neu rosec re t ion  w i t h  a v a r i e t y  of s t a in ing  
a n d  h i s tochemica l  p rocedures ;  2. t h i s  s t a inab l e  m a t e r i a l  
is also found  in  pe r ivascu l a r  spaces  and  in t he  walls  of 
b lood vessels ;  3. a s imiIar  s t a i n a b l e  m a t e r i a l  is found  
p r i m a r i l y  w i t h i n  t h e  ou te r  layer  of t he  mu l t i l aye red  
corpuscles,  t he  so-called b r a i n  sand.  

The  nen rosec re to ry  m a t e r i a l  was  m o s t  obv ious  in 
p inea l  g lands  t h a t  h a d  been  f ixed in a m i x t u r e  of g lu ta ra l -  
dehyde  and  picr ic  acid. T he  neurosec re t ion  was found  in 
ne rve  f ibres  in  t he  v i c in i t y  of t he  p inea l  recess and  in 
f ibres  ly ing be tween  groups  of p inea locytes .  The  f ibres  
c o n t a i n e d  single (Figure A) or n u m e r o u s  globules (Figure  
B) of neu rosec re to ry  ma te r i a l .  The  presence  of t h i s  
m a t e r i a l  w i t h i n  n e u r o n a l  processes  some t imes  caused  
local ized d i l a t ion  of t he  f ibres  r e sembl ing  H e r r i ng  bodies  
of t h e  pos te r io r  p i t u i t a ry .  I n  some areas,  f ibres  c o n t a i n i n g  
neurosec re to ry  m a t e r i a l  were found  to en te r  t h e  pe r ivascu-  
lar  space  of a capi l lary.  The  s t a ined  f ibres  were usua l ly  
associa ted  w i t h  d rop le t s  of s imi la r ly  s t a ined  m a t e r i a l  
w i t h i n  t he  pe r ivascu la r  space and  w i t h i n  n e a r b y  mul t i -  
layered  corpuscles  (Figure C). I t  shou ld  be e m p h a s i z e d  
t h a t  t h e  s u b s t a n c e  w i t h i n  t he  ne rve  fibres,  and  t h a t  in  t h e  
pe r ivascu l a r  spaces  a n d  in t he  ou t e r  l ayer  of t he  mul t i -  

l ayered  corpuscles,  s t a ined  iden t i ca l ly  w i t h  Gomor i ' s  
c h r o m i u m  h e m a t o x y l i n  ph lox ine  m e t h o d .  

The  c h a r a c t e r  of t h e  s t a ined  ma te r i a l  differs  f rom t h a t  
seen in t he  h y p o t h a l a m o - h y p o p h y s e a l  neu rosec re to ry  
sys tem.  The  p inea l  neu rosec re to ry  s u b s t a n c e  was charac-  
t e r i s t i ca l ly  purp le - red  a f t e r  t he  Gomor i  t e c h n i q u e  w i t h  
the  drople t s  in t h e  pe r ivascu l a r  space c o n t a i n i n g  s l igh t ly  
d a r k e r  cores. T inc tor ia l ly ,  t i le  m a t e r i a l  r e sembles  t h a t  
found  in t h e  h y p e n d y m a l  cells of t he  s u b c o m m i s s u r a l  
o rgan  xa. The  p inea l  neurosecre t ion  was also s t a i n a b l e  w i t h  
m e t h o d s  used to  d e m o n s t r a t e  endocr ine  p o l y p e p t i d e  cells 
(see Pearse14). The  s u b s t a n c e  was s t a ined  w i t h  a l d e h y d e  
fuchs in  a f t e r  e i t he r  p e r m a n g a n a t e  o x i d a t i o n  or, more  
select ively,  a f t e r  hydro lys i s  in  w a r m  0.2 N He1. W h e n  
a ldehyde  fuchs in  was d i lu ted  w i t h  e t h a n o l - M c I l v a i n e  
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buffer  (pH 5.0) a n d  used to s t a in  t he  h y d r o l y z e d  slipes, 
t h e  granules  in t h e  walls  of t he  capi l lar ies  were especial ly  
a p p a r e n t .  The  l a t t e r  t e c h n i q u e  was also ef fec t ive  in 
s t a in ing  all layers  of t he  mu l t i l aye r ed  corpuscles,  b u t  
especial ly  t he  mos t  superf ic ia l  layer.  The  obse rved  Gomor i  
pos i t ive  m a t e r i a l  was v isua l ized  a f t e r  t r e a t i n g  the  t i ssue  
for t he  P A S  reac t ion  and  w i t h  t he  basic  dye p rocedure  
of SOLClA et  al. ~ for endoc r ine  cells. These  t e c h n i q u e s  
also s t a ined  drople t s  in glial  cells a n d  in a n  occasional  
p inea locyte .  Af te r  1 to  1.5 h hydro lys i s  w i t h  w a r m  HC1, 
t he  bas ic  dye  p rocedure  y ie lded well s t a ined  drop le t s  on a 
b a c k g r o u n d  of u n s t a i n e d  t i ssue  (Figure D). E a c h  of the  
dyes r e c o m m e n d e d  b y  SOLCIA et  al. 16 s t a ined  t he  above-  
m e n t i o n e d  mate r ia l .  One of t he  m o s t  i m p o r t a n t  fea tu res  
was t h a t  t h e  m a t e r i a l  also gave  a m a s k e d  m e t a c h r o m a t i c  
r eac t ion  w i t h  to lu id ine  b lue  in M c l l v a i n e  buffer .  

General ly ,  t he  h i s tochemica l  obse rva t i ons  r epo r t ed  here  
are cons i s t en t  w i t h  a ' pep t ide rg ic '  t y p e  of neurosecre t ion .  
The  presence  of s t a i n a b l e  d rop le t s  in t h e  pe r ivascu l a r  
space a n d  in t h e  e n d o t h e l i u m  of the  cap i l l a ry  m a y  

r ep re sen t  h o r m o n e  be ing  secre ted  in to  t h e  blood. The  
s imi la r ly  s t a i n a b l e  m a t e r i a l  in  t h e  mu l t i l aye red  corpuscles  
i nd i ca t e s  t h a t  these  s t r u c t u r e s  somehow p a r t i c i p a t e  in  t he  
secre t6ry  process,  poss ib ly  b y  ac t ing  as a si te  a t  which  
ce r t a in  b y - p r o d u c t s  are deposi ted .  As is t h e  case w i t h  t h e  
h y p o p h y s e a l  n e u r o p h y s i n  ~6-~9 the  neu rosec re to ry  ma te r i a l  
wh ich  s t a ined  w i t h  t h e  m e t h o d s  r epo r t ed  here  p r o b a b l y  
r ep resen t s  t h e  car r ie r  molecule  (as a c a r r i e r -h o rmone  
complex)  for t h e  po lypep t id i c  hormones .  Th i s  m a y  
exp la in  t h e  presence  of the  s t a i n a b l e  m a t e r i a l  (carr ier  
p ro t e in  ?) in t h e  mu l t i l ay e r ed  corpuscles ;  t h e  car r ie r  m a y  
n o r m a l l y  be a b y - p r o d u c t  of t h e  sec re to ry  processes  a n d  
poss ib ly  depos i t ed  on t h e  mu l t i l ay e r ed  corpuscles.  A 
p inea l  p e p t i d e - b i n d i n g  p ro t e i n  has  been  b iochemica l ly  
ident i f ied  b y  KRaSS et  al. 2~ This  p ro t e i n  is s imi la r  to  
n e u r o p h y s i n  of t h e  pos te r io r  p i t u i t a r y  b u t  is a h n o s t  
devo id  of a m i n o  acids c o n t a i n i n g  SH groups  a n d  is 
i ncapab l e  of b i n d i n g  t h e  pos te r io r  lobe hormones .  The  
or ig in  of t h e  axons  wh ich  c o n t a i n  t h e  neu rosec re to ry  
m a t e r i a l  is p r e sen t l y  u n k n o w n .  A l t h o u g h  the re  were some 
n e u r o n  celI bodies  found  in t h e  p inea l  p a r e n c h y m a  t h e y  
were neve r  seen to  c o n t a i n  neu rosec re to ry  ma te r i a l .  The  
f ind ings  p r o m p t  t h e  conc lus ion  t h a t  (at  leas t  in t h e  
monkey)  neurosec re t ion  m a y  be  one of t h e  m e c h a n i s m s  
respons ib le  for secre t ion  of po lypep t ide  h o r m o n e s  by  t he  
p inea l  gland.  

Zusammen/assung. In  der  E p i p h y s e  yon  Rhesusa f f en  
(Macaca rhesus) w u r d e n  Neurosek re t e  h i s t o c h e m i s c h  
nachgewiesen  u n d  gezeigt,  dass  die Af fenep iphyse  
Nerven fo r t s~ t ze  m i t  f~rber i sch  u n d  h i s t o c h e m i s c h  m a n -  
n ig fach  d a r s t e l l b a r e m  Neurosek re t  e n t h a l t e n ,  was ebenso 
fiir den  pe r ivasku l~ ren  R a u m  u n d  die W ~ n d e  der  B lu t -  
gef~;se gilt.  
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A) A single globule (arrow) of neurosecretory material (stained with 
Gomori's method) in a nerve fibre in the monkey pineal gland. 
• 720. B) Multiple globules in a nerve fibre. • 720. C) Neurosecretory 

fibre entering a perivascular space. Stainable material also present in 
the vicinity around the blood vessel and in outer layers of multi- 
layered corpuscles. • 290, D) The substance stained by the meta- 
chromatic reaction with toluidine blue after hydrolysis with warm 
HC1. • 290. 
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C O G I T A T I O N E  S 

On the Regulation of Lactate Dehydrogenase Isoenzyme Concentrations in Mammal ian Cells 

The  five l a c t a t e  d e h y d r o g e n a s e  (LDH) i soenzymes  I t  was  p rev ious ly  a s s u med  t h a t  t h e  t i ssue  specific 
(A4, AaB, AzB~, ABa a n d  B4) found  in mos t  m a m m a l i a n  c o n c e n t r a t i o n s  of t h e  i soenzymes  were d i rec t ly  d e p e n d e n t  
t i ssues  are  p roduced  b y  t he  assoc ia t ion  of two  d i f fe ren t  on  the  s y n t h e t i c  ac t iv i t i e s  of the  s t r u c t u r a l  genes for A 
s u b u n i t  types  (A a n d  B ) i n t o  t e t r a m e r i c  c o m b i n a t i o n s  ~. a n d  B s u b u n i t s  an d  t h a t  t h e  in v ivo  assoc ia t ion  of 


