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Zur P i g m e n t a r c h i t e k t o n i k  der Area str iata des Menschen  

On the P i g m e n t a t i o n  Pattern of the H u m a n  Area Striata 

Die Area  s t r i a t a  der  P r i m a t e n  is t  d u r c h  eine besonders  
b re i t e  Markfase r sch ich t ,  den  G e n n a r i s c h e n  Streifen,  ge- 
k e n n z e i c h n e t  t. Die zunl  Mark lage r  h i n g e w a n d t e n  P a r t i e n  
des G e n n a r i s c h e n  St re i fens  werden  z u m  gr6ss ten  Tell  v o n  
den  E n d a u f s p l i t t e r u n g e n  der  Gra t i o l e t s chen  S e h s t r a h l u n g  
(P ro j ek t ions fa se rn  aus  d e m  Corpus  g e n i c u l a t u m  lafera le  
au f  die Sehr inde)  a u f g e b a u t  2. Der  St re i fen  v o n  G e n n a r i  
t e i l t  die v ie r t e  R i n d e n s c h i c h t :  b e i m  M e n s c h e n  l iegt  er m i t  
e inem oberf l / ichl ichen Ante i l  in  der  Sch ich t  IVb, - e inem 
A b s c h n i t t  der  i nne ren  K 6 r n e r s c h i c h t  m i t  gegeni iber  den  
a n g r e n z e n d e n  P a r t i e n  deu t l i ch  v e r m i n d e r t e r  Zel ld ich te  - ,  
u n d  m i t  e inem t ie fen  Ante i l  in  IVc a,4. IVo wird  h a u p t -  
s~tchlich v o n  k le inen b e d o r n t e n  u n d  u n b e d o r n t e n  S te rn-  
zellen gebi ldet ,  die sehr  d ich t  b e i e i n a n d e r  liegen2, ~. 

P i g m e n t a r c h i t e k t o n i s c h  6 l~sst  s ich IVe n o c h e i n m a l  in 
zwei ann / ihe rnd  gleich b re i t e  Zel lb l / i t te r  aufspa l t en .  Das  
oberf l~chl iche  B l a t t ,  IVc~, wi rd  yon  k le inen  S te rnze l len  
bev61kert ,  die n u r  wenig P i g m e n t  e n t h a l t e n .  I n  de r  Mehr-  
zahl  der  Zellen I inden  sich fe ins te  L ipofusc ink6rnchen ,  

die locker  fiber den  Zelleib ve r t e i l t  s ind u n d  sich wenig 
kr~Lftig m i t  A l d e h y d f u c h s i n  anf i i rben.  Der  res t l iche  Tell  
der  Zel len b l e ib t  a u c h  im h 6 h e r e n  Al ter  frei  y o n  Lipo-  
fusc ine in lagerungen .  IVo~ e r sche in t  also bei  den  fiir pig- 
m e n t a r c h i t e k t o n i s c h e  A r b e i t e n  i ibl icherweise v e r w e n d e -  
t en  S c h n i t t s t g r k e n  y o n  400 800 ~m als ein bel les  Band .  
Das  Bi ld  der  Einzelzel le  wi rd  h ie rbe i  k a u m  m e h r  w a h r -  
genommen ,  v i e l m e h r  v e r s c h m e l z e n  die als P u n k t w o l k e n  
ab g eb i l d e t en  P i g m e n t a b l a g e r u n g e n  der  zahl losen i iberein-  
ande r  l i egenden  N e u r o n e  zu e inem m e h r  oder  weniger  ein- 
he i t l i chen  Grau  un t e r sch i ed l i che r  T6nung .  IVea b i lde t  m i t  
den  a n g r e n z e n d e n  u n d  gleichfalls  n u r  sehr  s ch w ach  pig- 
m e u t i e r t e n  S c h i c h t e n  IVb u n d  IV~ einen b r e i t e n  he l len  
St re i fen  (Figur).  Dagegen  b e s t e h t  eine k lare  u n d  schar f  
gezogene Grenze  gegen den  p r o f u n d e n  Tell  y o n  IVe. 
Diese Schicht ,  IVep, i s t  im  P i g m e n t g i l d  die auffgl l igste  
K o m p o n e n t e  der  Area  s t r i a t a .  E i n e  e n t s p r e c h e n d e  
Sch ich t  f inder  sich in k e i n e m  a n d e r e n  Fe ld  des  I socor tex .  
IVcp b e s t e h t  aus  kle inen,  i iberwiegend b e d o r n t e n  Ner-  
venzel len,  die noeh  d i ch t e r  g e p a c k t  s ind als die E l e m e n t e  
v o n  IVco: Die M e h r z a h l  der  Zellen e n t h g l t  auffgll ig grobe  
P i g m e n t k 6 r n e r ,  die sich k rgf t ig  m i t  A l d e h y d f u c h s i n  an-  
fgrben.  Die E inze lk6rner ,  die v ie l fach  zen t ra le  Aufhe l lun -  
gen oder  V a k u o l e n  aufweisen,  s ind in ger inger  Zah l  locker  
im P e r i k a r y o n  ver te i l t .  Das  E r s c h e i n e n  dieser  c h a r a k t e -  
r iSt ischen P i g m e n t a b t a g e r u n g e n  h e b t  die Sch ich t  IVed 
als krgf t ig  ge t6n te s  Ze l lb l a t t  sehr  deu t l i ch  aus  den  
he l len  b e n a c h b a r t e n  S c h i c h t e n  IVea u n d  V h e r a u s  
(Figur).  

Summary.  P i g m e n t - a r c h i t e c t u r a l l y ,  w i t h i n  t h e  a rea  
s t r i a t a  of man ,  IVop differs cons ide rab ly  f rom b r i g h t  
a d j a c e n t  layers  because  of t h e  presence  of deep ly  s t a in ing  
l ipofuscin  granules .  
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Ultrastructural  Evidence of a Secretory  Proces s  in the Rat Pineal  Gland 

Despi te  t h a t  t he  fine s t r u c t u r e  of t he  p inea l  g l and  has  
been  r a t h e r  ex t ens ive ly  s tud ied  b y  d i f fe ren t  a u t h o r s  1-5, 
l i t t le  is k n o w n  a b o u t  the  subce l lu la r  organel les  i nvo lved  in 
t h e  b iosyn thes i s  and  secre t ion  of me thoxy indo l e s ,  a n d  
w h e t h e r  t he  h o r m o n a l  p r o d u c t s  are re leased to  t he  b lood 
or ce rebrosp ina l  fluid. I n  r e l a t ion  w i t h  embryo log ica l  
s tud ies  of t he  h u m a n  a n d  r a t  p inea l  g lands ,  OLSSON 6 
p o s t u l a t e d  t h a t  t h e  secre tory  p r o d u c t s  of th i s  o rgan  are 
re leased to  t he  b lood  s t r e a m  whi le  OWMAN 7 and  FALCK 
and  OWMAN8 s u p p o r t  t he  idea t h a t  sec re to ry  subs t ances  
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are  dep le ted  in to  t he  ce reb rosp ina l  fluid. In  r ega rd  to the  
close spa t i a l  r e l a t ionsh ip  b e t w e e n  t he  sup rap inea l  recess 
of t he  t h i r d  ven t r i c le  a n d  t he  p inea l  SHERIDAN a n d  al. 9 
h a v e  sugges ted  t h a t  these  o rgans  could release t h e i r  
sec re to ry  p r o d u c t s  to  t he  v e n t r i c u l a r  sys tem.  A l t h o u g h  
m e l a t o n i n  has  been  de t ec t ed  in b lood a n d  ur ine  ~0 i t  
could  be r e l a t ed  to a d i rec t  ex t ru s ion  of p inea l  indole  in to  

A) Lipid droplets (Lp) migrating through a pinealocyte ternfinal 
pole (Pt) to the pericapillar space. Around the lipid droplets numer- 
ous ufitochondria, smooth endoplasmie reticulum structures and 
free ribosomes can be observed. PD, pinealocyte nucleus ; Ca, capillary 
• 12,000. 

t h e  blood or  ind i rec t ly  b y  a f i rs t  secre t ion  in to  the  cerebro-  
sp ina l  fluid. On t h e  bas is  t h a t  th i s  m e t h o x y i n d o l e  ac t s  
d i rec t ly  on  t h e  b ra in  t i ssue  11, ~VVURTMAN an d  ANTON- 
TAY 12 h a v e  sugges ted  t h a t  m e l a t o n i n  could be  secre ted  
f i rs t  in to  t h e  ce rebrosp ina l  fluid. F ina l ly  I~APPERS 18 
s t a t e d  t h a t  p inea l  p r o d u c t s  c a n n o t  r each  t h e  v e n t r i c u l a r  
ce rebrosp ina l  f luid e i t he r  d i r ec t  or  indi rec t ly ,  b u t  t h e y  
are e x t r u d e d  to t h e  per icap i l l a r  space. I n  th i s  p a p e r  we 
h a v e  p r e s e n t e d  u l t r a s t r u c t u r a l  ev idence  t h a t  in t h e  r a t  
p inea l  g land ,  l ipid d rop le t s  are secre ted in to  the  per icap i l l a r  
space, a n d  t h i s  f ind ing  h a s  been  discussed in the  l igh t  t h a t  
p inea l  l ipids could ac t  as h o r m o n a l  carriers.  

Methods  a n d  results. 20 y o u n g  a d u l t  r a t s  (150 g b o d y  
wt.),  males  of t h e  W i s t a r  s t ra in ,  were used in our  exper-  
iments .  A n i m a l s  were a n e s t h e t i z e d  br ief ly  w i th  e t h e r  a n d  
p inea l  g l ands  r ap id ly  r emoved ,  d iv ided  in 2 pieces a n d  
fixed w i t h  s o m i u m  t e t r o x i d e  d u r i n g  1.5 h a t  4 ~ O s m i u m  
f ixa t ion  was done  us ing  1% o s m i u m  te t rox ide  buf fe red  to  
p H  7.2 w i t h  ve rona l  a ce t a t e  14. All t h e  m a t e r i a l  was  
d e h y d r a t e d  t h r o u g h  g raded  acerone  so lu t ions  a n d  were 
e m b e d d e d  in ara ldi te .  A t  l eas t  20 t h i n  sect ions  were done  
e i t he r  in t h e  medu l l a r  or  cor t ica l  po r t ions  of each  p inea l  
g l and  w i t h  a Re i che r t  u l t r ami c ro t o n e ,  double  s t a i ned  
w i t h  u r a n y l a c e t a t e  a n d  lead c i t ra te ,  a n d  s tud ied  w i t h  a 
Zeiss EM-9A e lec t ron  microscope.  Deta i led  s tudies  on  t h e  
u l t r a s t r u c t u r e  of t h e  r a t  p inea l  g l and  h a v e  been  done  b y  
d i f fe ren t  a u t h o r s  1-~, the re fore  we h a v e  focused our  
a t t e n t i o n  on  t h e  fine s t r u c t u r e  of the  p inea locy te  pro-  
cesses a n d  on  the  secre t ion  of l ipid drople t s  in to  t he  
per icapi l la r  space. Accord ing  DEL RIO HORTEGA 15, t he  
p inea locy te  is a p o l y m o r p h i c  cell w i t h  processes e n d i n g  
in p o l a r - s h a p p e d  en la rgemen t s ,  wh ich  are p re fe ren t i a l ly  
a r o u n d  t h e  per icapi l la r  (Figure A) an d  in te rce l lu la r  spaces.  
Per icapi l la r  p o l a r - s h a p p e d  e n l a r g e m e n t s  h a v e  specific 
morpholog ica l  charac ter i s t ics .  T h e y  are s i t ua t ed  v e r y  
close to s y m p a t h e t i c  n e r v e  end ing  an d  con ta in  n u m e r o u s  
l ipid drople ts ,  wh ich  are  s u r r o u n d e d  b y  g ranu l a r  po in t s  
a n d  h a v e  a c o n t e n t  of h o m o g e n o u s  appearance .  A r o u n d  
these  l ipid fo rma t ions  a n d  j u x t a p o s e d  to  t hem,  t he re  are  
n u m e r o u s  m i t o c h o n d r i a ,  dense-cored  vesicles a n d  s m o o t h  
endop lasmic  r e t i cu lum (Figure  A). L ip id  drople ts  p r e s e n t  
in  t h e  t e r m i n a l  p a r t  of t h e  p inea locy te  processes m i g r a t e  
t owards  the  pe r i cap i l l a ry  space a n d  b y  m a k i n g  p ro fus ion  
on  it, are re leased (Figure B a n d  C). J u s t  a f te r  t h e  secre- 
t ion  of t h e  l ipid drople t ,  i t  can  be  obse rved  in t h e  peri-  
capi l lar  space, a p p a r e n t l y  s u r r o u n d e d  b y  a single m e m -  
b r a n e  (Figure  D). L ip id  sec re to ry  a c t i v i t y  was more  
p r o m i n e n t  in  t h e  p inea locy te  t h a n  in t h e  in t e r s t i t i a l  cells. 
F r o m  each  3 cap i l la ry  areas  s tud ied  in one of t h e m  secre- 
t o r y  a c t i v i t y  was observed ,  m a i n l y  as m i g r a t i o n  of l ipid 
d rop le t s  t h r o u g h  the  p inea locy te  processes  to  t h e  peri-  
capi l lar  space. 

Discuss ion .  Lipids  are  p r e s en t  in  a g r ea t  a m o u n t  in  t he  
p inea l  g l and  of all m a m m a l s  16-19, I n  t h e  ra t ,  l ip ids  

B) Lipid droplet (Lp) making profusion in the pericapillar space (P). 
x 16,800. 

9 M. N. SHERIDAN, R. J. REITER and J. J. JACOBS, J.  Endocrinol .  
45, 131 (1969). 

10 j .  D. BARCHAS and A. ]3. LERNER, J. Neuroehem. l l ,  489 (1964). 
n F. ANTON-TAY and R. J. WURT~AN, Nature, Lond. 221,474 (1969). 
15 R. J.  WURTMAN and F. ANToN-TAY, Recent. Progr. Horm. Res. 

25, 493 (1969). 
13 j .  A. ]KAPPERS, The Pineal Gland (Ciba Foundation Symposium, 

London 1970), p. 3. 
14 G. ]~. PALADE, J.  exp. Ivied, 95, 285 (1952). 
1~ p. DEE RIO HORTEGA, Archs. Neurol.  3, 359 (1922). 
ls N. PROP and A. J. KAPPERS, Acta anat. 45, 90 (1961). 
i~ p. JOVAN, T. V. DAI and M. CORMIER, Bull. Soc. Chim. biol. 46, 

1121 (1964). 
18 N. PROP, Progr. Brain Res. I0, 454 (1965). 
19 L. ARVY, C. r. Acad. Sci., Paris, 253, 1361 (1961). 



15.8. 1975 Specialia 971 

C) Secretory phase of a lipid droplet (Lp) into the perieapillar space D) Lipid droplet (Lp) right in the pericapillar space (P). Ca, capillary; 
(P). • 12,000. Pc, pineal cell. • 12,800. 

r ep re sen t  the  3% of p inea l  f resh we igh t  2~ and  re l a t ed  
w i t h  i ts  g rea t  c o n c e n t r a t i o n s  in phospho l ip ids  31 a n d  t h e  
enzymes  which  hydro l ize  t h e m ,  Pl~oP is has  sugges ted  
t h a t  l ipids p lay  a n  i m P o r t a n t  role in th i s  organ.  On t h e  
o the r  hand ,  t he  f r equen t  associa t ion  of t he  l ipids w i t h  
the  capi l lar ies  seems ind ica te  an  endocr ine  secre tory  
ac t i v i t y  2~ These  sugges t ions  are suppo r t ed  b y  the  fac t  
t h a t  h y d r o x y i n d o l e - 0 - m e t h y l h ' a n s f e r a s e  (H~OMT)-  a 
r a t e  l imi t ing  e n z y m e  in t he  m e l a t o n i n  b i o s y n t h e s i s -  an d  
p inea l  l ipids c o n t e n t  f l uc tua t e  in a s imi la r  way  u n d e r  
d i f fe rent  e x p e r i m e n t a l  a n d  physio logica l  s i t ua t ions  e2 "~. 
Also o the r  f indings  seem to s u p p o r t  t he  r e l a t ionsh ip  
be tween  l ipids a n d  p inea l  h o r m o n e s  2s. W h e n  r ad ioac t ive  
or un labe led  D - L - 5 - h y d r o x y t r y p t o p h a n  and  n i a l a m i d e -  a n  
i nh ib i t o r  of t he  m o n o a m i n e - o x i d a s e  were added  to  p inea l  
g lands  cul tures ,  r ad ioac t ive  gra ins  appea red  over  t h e  l ipid 
inclus ions  a n d  t he  n u m b e r  of l ipid drople t s  increase  signif- 
icant ly ,  wh ich  could ind ica te  storage,  u p t a k e  or secre- 
t o r y  phase  in t he  se ro ton in  synthes is .  So far, m e l a t o n i n  
has  no t  been  localized in a n y  subce l lu la r  s t rucu t re ,  
poss ib ly  in r e l a t ion  w i t h  i ts  smal l  c o n c e n t r a t i o n  in t h e  
p inea l  gland,  r ap id  secre t ion  r a t e  a n d  i ts  i n a b i l i t y  to  
p rec ip i t a t e  in  fo rm of granules  a t  phys io logica i  pH.  
H o w e v e r  m e l a t o n i n  is a v e r y  l ipid-soluble  c o m p o u n d  an d  
as ci ted above  t h e r e  is a r e l a t ionsh ip  be tween  p inea l  l ipid 
c o n t e n t  and  H I O M T  ac t iv i ty ,  wh ich  could sugges t  t h a t  
th i s  s u b s t a n c e  is secre ted  w i t h  the  l ip id  inclusions.  Per i -  
capi l lar  spaces of t he  p inea l  g l and  seem to be ones of t h e  
m o s t  ac t ive  si tes of t h i s  organ,  as is i nd ica t ed  b y  t h e  
n e i g h b o r h o o d  b e t w e e n  p inea locy te  po la r  processes,  n e r v e  
end ings  and  capil laries.  I n t i m a t e  r e l a t i onsh ips  of these  
s t ruc tu re s  obv ious ly  fac i l i ta te  a n  eff icient  s y s t e m  of fas t  
syn thes i s  and  secre t ion  of me thoxy indo le s .  Transc luc t ion  
of ex t e rna l  or i n t e rna l  messages  ~ car r ied  o u t  b y  t h e  
s y m p a t h e t i c  ne rves  s t i m u l a t e  n o r a d r e n a l i n e  release b y  t h e  
ne rve  end ings  wh ich  ac t ing  on  t he  p inea locy te  f l-receptors 
increase  t he  m e l a t o n i n  f o r m a t i o n  ~9,a~ A l t h o u g h  t h e r e  is 
no  d i rec t  proof  t h a t  m e t h o x y i n d o l e s  are  inc luded  in t h e  
l ipid drople t s  a n d  f u r t h e r  s tudies  h a v e  to  be  done  to  

d e m o n s t r a t e  or d iscard  th i s  suggest ion,  the  release of t h e m  
is an  u l t r a s t r u c t u r a l  ev idence  t h a t  t h e  p inea l  g l and  secrete,  
a t  leas t  p a r t  of i ts  p r o d u c t s  to  t h e  b lood  c i rcula t ion ,  and  
t h a t  th i s  process  could be inf luenced  b y  the  a n a t o m i c a l  
a n d  func t iona l  r e l a t ionsh ips  of t h e  s t r u c t u r e s  loca ted  in the  
per icapi l la r  space Also w i th  th i s  f ind ing  the  ques t ion  
ar ises  if t he  d i f fe ren t  c o m p o n e n t s  of the  l ipid d rop le t s  can  
ca r ry  o the r  subs t ances  outs ide  of cells. 

Summary. Per icap i l l a r  spaces of t h e  r a t  p inea l  g l and  
be long  to t h e  mos t  ac t ive  sites of th i s  organ.  N e i g h b o r h o o d  
of s y m p a t h e t i c  n e r v e  endings ,  capi l lar ies  an d  p inea locy te  
processes fac i l i ta tes  poss ib ly  the  syn thes i s  a n d  the  
secre t ion  of me thoxy indo le s .  L ip id  d rop le t s  m i g r a t e  
t h r o u g h  t h e  p inea locy te  cel lular  processes  t o w a r d s  the  
t e r m i n a l  e n l a r g e m e n t  or poles, where  t h e y  are secre ted  
in to  t h e  per icap i l l a r  space, a n d  t h e  poss ib i l i ty  t h a t  
i ndo leamines  are inc luded  in t h e  l ipid d rop le t s  h a s  been  
discussed.  
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