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CHAPTER I  

INTRODUCTION

The mesencephalic p e r ia q u ed u c ta l  gray m a tte r  i s  mentioned in  such 

a s h o r t  and p e rfu n c to ry  manner in  the  m a jo r i ty  o f  neuroanatom ical t e x t  

books to  sugges t t h a t  i t  i s  an a rea  o f  l i t t l e  s ig n i f i c a n c e .  Within the  

l a s t  decade, however, a number of p h y s io lo g ic a l  s tu d ie s  have shown th i s  

reg ion  to  be an im portant l in k  in the  t ran sm iss io n  o f  impulses from

d ie n cep h a l ic  c e n te r s  to  the  lower b ra in  stem, and even th e  sp in a l  cord.

S u rp r i s in g ly ,  th e se  o b se rv a tio n s  prompted l i t t l e  anatom ical in v e s t ig a t io n  

o f  the reg io n  or i t s  f ib e r  connec tions .  Often the  anatom ical work done, 

was the  byproduct o f  a major study o f  a r e l a t e d  a r e a ,  u s u a l ly  the  hypo­

thalamus or the  r e t i c u l a r  form ation . The unanswered need fo r  an organ­

ized  and sy s tem a tic  in v e s t ig a t io n  o f  the  e f f e r e n t  and a f f e r e n t  connec­

t io n s  o f  th e  reg io n  prompted t h i s  s tudy.

The most e f f e c t i v e  method o f  t r a c in g  e f f e r e n t  f ib e r  connections in 

the  c e n t r a l  nervous system i s  to  make le s io n s  in  the  a rea  o f  i n t e r e s t  in  

an experim enta l animal and keep i t  a l i v e  fo r  an a p p ro p r ia te  leng th  of 

time to  a llow  fo r  degenera tion  of the  a f f e c te d  axons. Then, the  animal 

i s  s a c r i f i c e d  and the  b ra in  t i s s u e  s ta in e d  by a method based on s i l v e r  

im pregnation o f  the  degenera ting  axons and te rm ina l  boutons.

A ccordingly , le s io n s  were s t e r e o t a x i c a l l y  p laced  in  the per iaque­

d u c ta l  gray m a tte r  in a number o f  c a t s  and th e i r  b ra in s  were subse­

quen t ly  prepared  h i s t o l o g i c a l l y  and s ta in e d  to  a l low  the  in v e s t ig a to r  to  

t r a c e  th e  r e s u l t i n g  degenera tion .

The au thor  reviewed the  l i t e r a t u r e  on the  anatomy o f  the  reg io n ,  

and prepared  a sm all s e r i e s  o f  normal animals fo r  h i s t o l o g i c a l  examina­
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2

t i o n .  This r e s u l t e d  in  an in c reased  unders tand ing  o f  the  c y to a rc h i t e c -  

tu r e  o f  the  reg io n  and provided a s e t  o f  s l i d e s  o f  normal t i s s u e  fo r  

comparison w ith  le s io n ed  t i s s u e .

Subsequent ch ap te rs  d e sc r ib e  the  m a te r ia ls  and methods, and r e ­

s u l t s  o f  the above s tudy . These experim en ta l r e s u l t s  and o b se rv a t io n s  

g leaned from the  review  o f  p e r t i n e n t  l i t e r a t u r e  were then compared and 

d iscu ssed .

Although much work i s  ye t  to  be done on the  c e n t r a l  g ray  m a tte r  

and i t s  f ib e r  co n n ec t io n s ,  t h i s  s tudy  i s  in tended  as ano th e r  s te p  f o r ­

ward to  an u l t im a te ly  f u l l  unders tand ing  o f  the  p e r ia q u e d u c ta l  gray 

m a t t e r ' s  r o le  in  the  o v e r a l l  fu n c tio n  o f  the  c e n t r a l  nervous system.
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CHAPTER I I  

ANATOMICAL CONSIDERATIONS

According to  t e x t  books o f  v e r t e b r a te  embryology, in c lu d in g  

th e  human, th e  mesencephalon i s  bound d o r s a l ly  by the  p o s te r io r  

commissure and v e n t r a l l y  by th e  mammillary bodies to  form i t s  r o s t r a l  

b o rd e r ,  and c a u d a l ly  by the  is thm us. The midbrain undergoes fewer 

changes than the fo re b ra in  or the  h in d b ra in  and tends to  be hidden by 

them as they develop. At t h i s  le v e l  the  a l a r  p l a t e ,  the  b a s a l  p l a te  

and the  ro o f  p la te  a re  s t i l l  p re s e n t  a lthough  the  f lo o r  p l a t e  has 

te rm in a ted .  The ro o f  p l a t e  lo se s  i t s  i d e n t i t y  a t  two months leav ing  

only  the  a l a r  p l a t e  and the  b a s a l  p l a t e  d iv ided  by the  su lcu s  l im i ta n s .  

A f te r  the  t h i r d  month o f  development the  p r im i t iv e  n e u ra l  c a v i ty  

narrows to  become th e  c e r e b ra l  aqueduct accord ing  to  most t e x t s .  This 

narrowing i s  a p o in t  o f  a c t iv e  d isagreem ent among d i f f e r e n t  a u th o rs .  

Most r e p o r t  t h a t  i t  i s  a case  o f  both  r e l a t i v e  and a b so lu te  narrow ing, 

bu t Minot (74) b e l iev ed  th a t  th e re  was growth, w ith  a l i t t l e  e n la rg e ­

ment o f  i t s  c a v i ty ,  making the  c a v i ty  appear r e l a t i v e l y  sm a l le r .  The 

p re se n t  au tho r  took measurements from s e v e ra l  s e t s  o f  s l i d e s  a v a i l a b l e  

in  a human embryonic c o l l e c t i o n ,  and on the b a s is  o f  t h i s  d a ta ,  con­

cluded th a t  th e re  i s  no a c tu a l  change in  s iz e  o f  the  c e r e b ra l  aqueduct, 

and th a t  the  apparan t narrowing o f  the  aqueduct i s  a r e s u l t  o f  growth 

o f  the  surrounding  t i s s u e .

The mesencephalon i s  d iv ided  in to  a l a r  and b asa l  p l a te s  by the 

su lcu s  l im i ta n s .  The b a s a l  p l a t e  develops f i r s t ,  as i t  does throughout 

the  b r a in ,  and forms the  v e n t r a l  p o r t io n  or the  tegmentum. L a te r ,  the
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a l a r  p l a t e  develops dem arcating th e  t e c t a l  p o r t io n  o£ th e  m idbrain . 

According to  C a s ta ld i ,  (22) the  p e r ia q u e d u c ta l  g ray  m a tte r  i s  s im i la r ly  

d iv id e d ,  and th e  d o r s a l  p o r t io n  o f  the  gray develops from the  a l a r  

p l a t e  along w ith  the  tectum , and the  b a sa l  p l a t e  g iv es  r i s e  to  the  

v e n t r a l  p o r t io n .  He a l s o  p o in ts  ou t t h a t  the  v e n t r a l  p o r t io n  develops 

b e fo re  th e  a l a r  or d o r s a l .  Simpkins (100) on th e  o th e r  hand, s t a t e s  

t h a t  a l l  p a r t s  o f  th e  c e n t r a l  g ray  have a common o r ig in  from the  a l a r  

p l a t e s .

With the  excep tion  o f  the  v e n t r a l  p o r t io n  o f  the  p e r ia q u ed u c ta l  

gray m a t te r ,  where s e v e ra l  n u c le a r  s t r u c t u r e s  a re  r e a d i ly  d is c e rn a b le ,  

th e  main body o f  th e  g ray  does n o t  r e a d i ly  lend i t s e l f  to  n u c lea r  

d i f f e r e n t i a t i o n .  However a review  o f  the  a v a i l a b l e  l i t e r a t u r e  re v e a ls  

t h a t  many au th o rs  have i d e n t i f i e d  and named numerous n u c le i  w ith in  th i s  

s t r u c t u r e .

In 1923 C a s ta ld i  (22) reviewed the  l i t e r a t u r e  on th e se  n u c lea r  

c o n f ig u ra t io n s  and proposed a s im p l i f ie d  system  o f  nom enclature to  r e ­

duce th e  m u l t i p l i c i t y  o f  d i f f e r e n t  names given c e l l  groups by e a r l i e r  

a u th o rs .  His system was based upon th e  predominance o f  a given c e l l  

( ty p e  and s iz e )  in  a p a r t i c u l a r  a r e a ,  us ing  th e  guinea p ig  as the 

experim en ta l an im al. A ccord ing ly , the  whole v e n t r a l  a rea  o f  the  c e n t r a l  

gray mass was named the  v e n t r a l  nucleus  and i t  was sub-d iv ided  in to  four 

b a s ic  p a r t s :  th e  two unpaired  " p a r te s  medianas"; and the  two b i l a t e r a l

" p a r te s  l a t e r a l e s " .  The " p a r te  mediana" was subdivided in to  a d o rsa l  

p o r t io n  and a sm alle r  v e n t r a l  one. The d o r s a l  inc luded  a l l  n u c l e i ,  as 

p rev io u s ly  des igna ted  in  the  l i t e r a t u r e .  Thus, the  nucleus  o f  the  d o rsa l  

raphe (3 ) ,  the  nucleus  o f  the  idem tegm entl (119), and C a j a l ' s  (89)
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c e n t r a l  m agnocellu lar nucleus  o f  the  raphe were a l l  inc luded  in  th i s  

p o r t io n .  The sm alle r  v e n t r a l  p o r t io n  inc luded the nucleus  angustus 

(120),  the  p o s te r io r  nucleus o f  the  raphe (119) and the  in f e r i o r  c e l l s  

o f  the  raphe (89).

Each " p a r te  l a t e r a l e "  inc luded  numerous p rev ious ly  designated  

n u c le i  such as Marburg's (69) d o rs a l  tegmental n u c leu s ,  the  p o s te r io r  

or accessory  t r o c h le a r  nucleus (120),  the i n t e r n a l  c e l l u l a r  m a tte r  (89) 

the  nucleus o f  the  l a t e r a l  aqueduct (125), and the p a r v i c e l l u l a r  nucleus 

o f  Ziehen (124).

Although prev ious au thors  had designated  numerous d o rs a l  n u c le i  of 

the  c e n t r a l  gray m a t te r ,  C a s ta ld i  d iv ided  i t  in to  only th re e  n u c l e i ,  the 

s in g le  unpaired mediodorsal nucleus and the b i l a t e r a l  l a t e r o - d o r s a l  

n u c le i .

In 1933, Sheehan (99) descr ibed  the  n u c le a r  s t r u c t u r e  o f  the p e r i ­

aqueductal gray m a tte r  o f  s ev e ra l  s p e c ie s ,  inc lud ing  man. According to 

h i s  o b se rv a t io n s ,  the  c e n t r a l  gray m a tte r  was defined  as the  reg ion  

bounded by the decussa tion  o f  the t r o c h le a r  nerves cauda lly  and the 

p o s te r io r  commissure r o s t r a l l y .  He d ivided t h i s  s t r u c t u r e  in to  four 

l i n e a r  su b d iv is io n s :  1 the r e t r o t r o c h l e a r  a re a ;  2. an area  around the

t ro c h le a r  nucleus; 3. an a rea  around the oculomotor complex; and 4. an 

a re a  on the a n t e r io r  end near  the p o s te r io r  commissure. In the  two 

most caudal re g io n s ,  the  r e t r o t r o c h le a r  a rea  and the  t r o c h le a r  a re a ,  he 

descr ibed  a nucleus ex tending  from the  reg ion  o f  the  d o rsa l  tegmental 

nucleus to  the oculomotor nucleus. He c a l le d  t h i s  nucleus the 

" fo u n ta in  l ik e "  nucleus due to  i t s  gene ra l  c o n f ig u ra t io n .  Caudally i t  

fused w ith the d o rs a l  tegmental nucleus and as i t  passed r o s t r a l l y  

through the r e t r o t r o c h l e a r  reg ion  i t  spread l a t e r a l l y  from i t s  median
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p o s i t i o n .  Upon reach ing  the  t r o c h le a r  reg ion  th e  c e l l s  began to  fade 

u n t i l  only a few c e l l s  e x i s te d  a t  th e  le v e l  o f  the  oculomotor complex. 

Within the  t r o c h le a r  re g io n ,  he defined  y e t  ano ther  n u c lea r  group 

b i l a t e r a l l y  and named t h i s  the  d o r s o la t e r a l  n u c leu s .  The remainder 

o f  the  c e n t r a l  gray m a tte r  in  t h i s  reg io n  was occupied by a group o f  

sm alle r  c e l l s  c a l le d  th e  nucleus  p a r v i c e l l u l a r i s  by Ziehen (124). 

Sheehan agreed w ith  C a s t a l d i ' s  d e s c r ip t io n  o f  the  r o s t r a l  p o r t io n  o f  

the  p e r ia q u ed u c ta l  g ray  m a t te r .

In 1943 the  U n iv e rs i ty  o f  M ichigan 's  L abora tory  o f  Comparative 

Neurology au thored  an e x te n s iv e  s tudy on the  n u c le a r  c o n f ig u ra t io n  o f  

the  mannalian m idbrain . (15, 30, 31, 32, 33, 34, 35, 41, 42, 112, 122) 

In  one s e c t io n  o f  t h i s  s tudy ,  Brown (15) d e a l t  w ith  the  m idbrain o f  the  

dog and c a t  e x c lu s iv e ly  and s t a t e d  th a t  the  mesencephalic gray m atte r  

should be d iv ided  in to  d o r s a l ,  l a t e r a l  and v e n t r a l  p o r t io n s .  The pars  

d o r s a l i s  extending cau d a l ly  from the  a re a  o f  the  p o s te r io r  commissure 

to  the  i n f e r i o r  c o l l i c u l u s  becomes continuous w ith  the  c h i e f  nuc leus .

He a lso  considered  t h i s  a re a  to  be p a r t  o f  the  p e r iv e n t r i c u l a r  layer  

o f  the  o p t ic  tectum o f  the  s u p e r io r  c o l l i c u l u s .  Within the  pars  ven- 

t r a l i s  he Included the  fo llow ing n u c lea r  s t r u c t u r e s :  the  oculomotor 

complex; the  nucleus o f  Darkschewitch; the  d o rsa l  nucleus o f  the  raphe; 

the  l a te r o d o r s a l  tegm ental nuc leus; and the  d o rsa l  tegmental nucleus .  

Lying on e i t h e r  s id e  o f  the  c e n t r a l  gray m a tte r  and connecting the 

d o rsa l  and v e n t r a l  p o r t io n s  was the  pars  l a t e r a l i s .  Only one n uc lear  

mass, the  d o rs a l  nucleus o f  the  p o s te r io r  commissure, was s a id  to 

develop w ith in  t h i s  l a t e r a l  a re a .

The o th e r  mamnals in v e s t ig a te d  in  t h i s  study  showed some minor 

v a r i a t i o n s ,  but on th e  whole, the  n u c lea r  c o n f ig u ra t io n  o f  the
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p e r ia q u e d u c ta l  gray was found to  hold throughout the many s p e c ie s .

In 1954 Olszewski and Baxter (85) in  t h e i r  human a t l a s  took a 

r a d i c a l l y  new approach to  the  o rg a n iz a t io n  o f  the  c e n t r a l  g ray  m a tte r .  

In s te a d  o f  th e  t r a d i t i o n a l  d iv i s io n  o f  the  c e n t r a l  gray in to  d o rsa l  

and v e n t r a l  components, they proposed a nomenclature based on a con­

c e n t r i c  arrangem ent o f  c e l l s .  They d esc r ib e d  th e  griseum c e n t r a l e  mesen­

c e p h a l i  as a m antle o f  c e l l s  enveloping  th e  d o rs a l  and l a t e r a l  a sp e c ts  

o f  the  c e r e b ra l  aqueduct in  the  caudal h a l f  o f  the mesencephalon and 

com plete ly  surrounding  the  aqueduct in  the  r o s t r a l  h a l f .  The v e n t r a l  

p o r t io n  o f  th e  cauda l h a l f  c o n s is te d  o f  th e  nuc leus  s u p r a t r o c h l e a r i s  

which extended from the  caudal le v e l  o f  the  i n f e r i o r  c o l l i c u l u s  to  the 

caudal pole o f  the  oculomotor complex. Based on v a r i a t i o n  o f  c e l l  type 

and the  d e n s i ty  o f  d i s t r i b u t i o n ,  th re e  su b n u c le i  were i d e n t i f i e d  w ith in  

th e  griseum c e n t r a l e  m esencephali .  The f i r s t ,  th e  griseum  c e n t r a l i s  

m esencephali m e d ia l i s ,  was the  innerm ost reg ion  o f  the  c e n t r a l  gray 

m a tte r  which lay  a d ja c e n t  to  the  c e r e b ra l  aqueduct. This a re a  was 

formed by sm all ,  e lo n g a ted ,  d a rk ly  s ta in in g  c e l l s  th a t  a re  s p a r s e ly  

d i s t r i b u t e d .  The second d i v i s i o n ,  the  griseum  c e n t r a l i s  m esencephali 

l a t e r a l i s ,  i s  lo ca ted  d o r s a l  and l a t e r a l  to  the  subnucleus m ed ia lis  

and forms th e  outerm ost p o r t io n  o f  the  c e n t r a l  gray m a t te r .  I t  inc ludes  

densely  d i s t r i b u t e d  sm all to  medium s iz e d  fus ifo rm  or t r i a n g u la r  c e l l s  

which s t a i n  w ith  medium i n t e n s i t y .  They named the  th i r d  su b n u c le i  the 

griseum c e n t r a l i s  m esencephali d o r s a l i s ,  and d escr ibed  i t  as a sm all ,  

oval shaped c e l l  group immediately d o rsa l  to  the c e r e b ra l  aqueduct in  

the r o s t r a l  h a l f  o f  the  mesencephalon. I t  lay  d o rsa l  to  the subnucleus 

l a t e r a l i s  and on each s id e  touched the  subnucleus m e d ia l is .  I t  i s  

composed o f  many g l i a l  c e l l s ,  among which a few sm all e longated  dark ly
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s ta in e d  neurons can be found.

Olszewski and Baxter s t a t e d  th a t  th e  la rg e  unpa ired  nucleus  o f  the  

ven tro c au d a l a re a  o f  the  c e n t r a l  gray m a t te r ,  the  s u p ra t ro c h le a r  n u c leu s ,  

was roughly  the  same as M eynert 's  " fo u n ta in  nuc leu s"  (120),  being com­

posed o f  a c e n t r a l  p o r t io n  w ith  two l a t e r a l  wings. The c e n t r a l  p o r t io n  

la y  between th e  medial lo n g i tu d in a l  f a s c i c u l i  and extended up to  the  

c e r e b ra l  aqueduct. The l a t e r a l  wings passed d o r s a l ly  over the  medial 

lo n g i tu d in a l  f a s c i c u l i  and the  t r o c h le a r  n u c l e i .  This  nucleus  was com­

posed o f  plump oval or fu s ifo rm , dark ly  s ta in e d  c e l l s  w ith  e c c e n t r ic  

n u c l e i ,  and w ith  the  N is s l  substance  clumped around th e  w a lls  o f  the  

c e l l s .

L i t t l e  a d d i t io n a l  work was done on the  c y to « trch i tec tu re  o f  the 

mesencephalon u n t i l  Taber (111) pub lished  a paper on the  s u b je c t  in  1961. 

This  study  d iv ided  th e  p e r ia q u e d u c ta l  gray m a tte r  in to  th r e e  b a s ic  

p o r t i o n s ,  as had been done by many e a r l i e r  a u th o rs .  This d iv i s io n  was 

based on to p o g rap h ica l  and c y to lo g ic a l  c h a r a c t e r i s t i c s  and th e  reg io n s  

were defined  as the  d o r s a l ,  l a t e r a l ,  and v e n t r a l  r e g io n s .  The d o rs a l  

re g io n  ran  from the  r o s t r a l  i n f e r i o r  c o l l i c u l a r  l e v e l  to  th e  p o s te r io r  

commissure. The l a t e r a l  reg ion  extended from th e  a n t e r i o r  medullary 

velum to the  m esencepha lic -d iencepha lic  ju n c t io n .  The v e n t r a l  reg ion  

extended from th e  ju n c t io n  o f  the  pons and mesencephalon r o s t r a l  to  the 

d iencephalon .

Taber d escr ibed  the  c e n t r a l  gray m a tte r  as a s t r u c t u r e  composed 

o f  medium and sm all s iz e d  oval or fu s ifo rm  shaped c e l l s  w ith  e c c e n t r ic  

n u c le i  and m oderately  s ta in e d  cytoplasm. The d o rsa l  a re a  c h a r a c t e r i s ­

t i c a l l y  con ta ined  a g r e a t  number o f  g l i a l  c e l l s .  The l a t e r a l  reg ion  

was markedly c e l l u l a r  w h ile  th e  v e n t r a l  reg ion  c o n ta in s  s p a r s e ly  d l s -
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t r i b u t e d  small c e l l s .  The photomicrographs used to  I l l u s t r a t e  the 

th r e e  reg io n s  o f  the  p e r ia q u ed u c ta l  gray were o f  too low a m ag n if ica t io n  

to  make c e l l  r e c o g n i t io n  p o s s ib le .  Using a c r i t e r i o n  of c e l l  dens ity  

a lo n e ,  her d iv i s io n  o f  the c e n t r a l  gray in to  a rea s  appears  to  th i s  

au tho r  to  be very  a r b i t r a r y .

Snider and Neim er's  a t l a s  (110) on the  b ra in  stem o f  the  c a t  was 

pub lished  in  1961 a l s o .  As in  most a t l a s e s ,  the  c e n t r a l  g ray  m a tte r  

was n o t  d iv ided  in to  reg ions  or su b n u c le i .  The la rg e  photomicrographs 

o f  the  N is s l  s ta in e d  se c t io n s  dem onstrated the  d i f f e re n c e s  in  the c e l l  

d e n s i ty  o f  each a rea  although the  a c tu a l  c e l l  type or s iz e  could no t  be 

determ ined.

The l a t e s t  study o f  th e  b ra in  stem o f  the c a t  was done by Berman 

(11) and w hile  i t  i s  b a s ic a l ly  a c y to a rc h i t e c to n ic  a t l a s ,  i t  a lso  i n ­

c ludes  s t e r e o t a x ic  c o -o rd in a te s .  While he d esc r ibed  the p e r ia q u ed u c ta l  

gray m a tte r  as  co n ta in in g  an inne r  c e l l - s p a r c e  zone surrounded by the  

o u te r  c e l l - r i c h  zone throughout i t s  lo n g i tu d in a l  ex tend , he did no t 

adopt the  Olszewski and Baxter nom enclature and d iv i s io n s .  In s te a d ,  he 

d i s t in g u is h e d  four s u b d iv is io n s :  m e d io la te ra l ;  l a t e r o d o r s a l ;  v e n t r a l ;

and l a t e r o v e n t r a l .  These su b d iv is io n s  a re  very  s im i la r  to  C a s t a ld i ' s  

( 22) .

Berman (11) a lso  d is t in g u ish e d  s e v e ra l  d i s t i n c t  n u c lea r  masses 

p a r t i a l l y  embedded w ith in  the  borders  o f  th e  c e n t r a l  gray substance . One 

such mass was the nucleus in c e r tu s ,  or nucleus  o f  S t r e e t e r ,  which lay 

d o r s a l  to  the  medial lo n g i tu d in a l  f a s c ic u lu s ,  and j u s t  medial to  the 

d o rs a l  tegmental nucleus a t  the  l e v e l  o f  the  isthm us. I t  was included 

the v e n t r a l  su b d iv is io n  of the c e n t r a l  gray  as  was the  d o rs a l  nucleus 

o f  the  raphe. Between the v e n t r a l  and the  l a t e r o v e n t r a l  su b d iv is io n s
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lay  the d o rsa l  tegmental nuc leus .  R o s t r a l  to  the se  n u c l e i ,  and the 

only n u c lea r  mass to  be wholly embedded in  the c e n t r a l  gray substance ,  

was the nucleus o£ Darkschewitch. This small nucleus was in  the ven­

t r o l a t e r a l  p o r t io n  o£ the  p e r ia q u ed u c ta l  gray m a tte r .

At the  le v e l  o f  the  p o s te r io r  commissure was a small a rea  o f  the  

c e n t r a l  gray  se p a ra te  from the main mass and ly ing  between the commissure 

o f  the su p e r io r  c o l l i c u l u s  and the p o s te r io r  commissure. This was c a l le d  

th e  in tracom m issura l nucleus  by Brown (15) , bu t because the c e l l u l a r  

make-up o f  t h i s  sm all a rea  was the same as th a t  o f  the  c e n t r a l  gray 

m a t te r ,  Berman (11) d id  no t  consider  i t  a s e p a ra te  su b d iv is io n .

The major f ib e r  t r a c t  a s s o c ia te d  w ith  the p e r ia q u ed u c ta l  gray mat­

t e r  i s  th e  d o rsa l  lo n g i tu d in a l  f a s c ic u lu s  o f  Schutz , or by o th e r  te rm i­

n o lo g ie s ,  the  fa s c ic u lu s  periependym alis  (16, 17, 18, 29, 35, 59, 89,

114), the p e r iv e n t r i c u la r  system o f  G urd jian  (47, 4 8 ) ,  and th e  p o s te r io r  

lo n g i tu d in a l  f a s c ic u lu s  (8, 10). G urd jian  used the  name d o rsa l  lo n g i tu ­

d in a l  fa s c ic u lu s  only for th a t  p o r t io n  o f  the system which a ro se  from 

and extended caudal to  the  d o rsa l  tegm ental nuc leus .  Text books (28, 91,

115) s t a t e  th a t  d o rsa l  lo n g i tu d in a l  f a s c ic u lu s  i s  a bundle o f  th in ly  med- 

u l l a t e d  or unmedullated f ib e r s  which in te rc o n n e c t  the p re o p t ic  a rea  and 

the hypothalamus w ith  b ra in  stem n u c le i .  I t  runs through the  v e n t r o l a t ­

e r a l  a rea  o f  the  p e r ia q u ed u c ta l  gray m a tte r  throughout the  midbrain and 

g ives  o f f  f ib e r s  to  the  su p e r io r  c o l l i c u l u s .  I t  co n ta in s  f ib e r s  from 

the  a n t e r i o r ,  p a r a v e n t r ic u la r ,  d o rsa l  and p o s te r io r  hypothalamus and has 

ascending and descending f ib e r s  connecting  the c e n t r a l  gray substance a t  

d i f f e r e n t  le v e l s .  Kuhlenbeck (62) observed a p re tec tohypo tha lam ic  compon­

en t  in the r a b b i t  (62) th e o rized  th a t  i t  was probably p re sen t in  man
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(60, 61).

Severa l au th o rs  (47, 59, 114) po in ted  out th a t  d o r s a l  and v e n t r a l  

d iv i s io n s  o f  the p r e iv e n t r i c u l a r  system occur in  the m esencephalic cen­

t r a l  gray m a tte r .  Thompson (114) considered  only the  v e n t r a l  p o r t io n  to  

be the d o rsa l  lo n g i tu d in a l  f a s c ic u lu s .

Bucher and Burgi (18) considered  the  a n n u lo -p e r i fo rn ic a l  system to 

be only a su b d iv is io n  o f  the  d o rsa l  lo n g i tu d in a l  f a s c ic u lu s .  Marburg 

(69) c a l le d  the  p e r iv e n t r i c u l a r  system o f f i b e r s ,  in c lu d in g  the  d o rs a l  

lo n g i tu d in a l  f a s c ic u lu s ,  the  fa s c ic u lu s  p er iependym alis , thus su p p o r t­

ing Thompson's f in d in g s  in  f a c t ,  i f  no t in te rm inology. While th e re  is  

no t complete agreement among the  many au thors  as  to  the  make up o f  the 

d o rsa l  lo n g i tu d in a l  f a s c ic u lu s ,  they a re  in even le s s  accord in  t h e i r  

nom enclature.

In a more d e ta i le d  account o f  the  d o rsa l  lo n g i tu d in a l  f a s c ic u lu s ,  

Crosby and tfoodburne (36) used the term d o rsa l  lo n g i tu d in a l  f a s c ic u lu s  

in  i t s  w idest sen se ,  as a s e r i e s  o f  p e r iv e n t r i c u l a r ,  ascend ing  and des­

cending, f a s c ic le s  from the  p re o p tic  and hypothalamic le v e l s  to  the  

caudal end o f  the b ra ins tem . They observed th a t  the r o s t r a l  p o r t io n  

was made up o f  f a s c ic le s  which in te r -c o n n e c t  the  hypothalamus and the 

d o rs a l  thalamus. To d i f f e r e n t i a t e  t h i s  p o r t io n  from the  main mass of 

the system, they named t h i s  the  tha lam ic  p o r t io n ,  and d iv ided  i t  in to  

four bundles: A, B, C and D. Bundle A connected the nucleus  re u n ie n s ,  

the  a n t e r io r  p e r iv e n t r i c u l a r  n u c leu s ,  the  a n te ro v e n t r a l  tha lam ic  

n u c leu s ,  and the  p re o p t ic  a re a  to  the  p a ra v e n t r ic u la r  nucleus  o f  the  

hypothalamus. Bundle B passed from the  d o rsa l  thalamus to  the d o rsa l  

hypothalamic a re a ,  the  p a ra v e n t r ic u la r  nucleus and the  a n t e r io r  hypo­

thalam ic nucleus . Bundle C ran  between the d o rsa l  thalam us, the  d o rsa l  

hypothalamic a rea  and the dorsomedial hypothalamic n u c leu s .  Bundle B
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connected the ven trom ed ia l hypothalamic nucleus  and th e  p o s te r io r  hypo­

tha lam ic  a re a .

Crosby and tfoodburne(36) d esc r ib ed  the  b ra in  stem p o r t io n  or main 

mass o f  the  d o r s a l  lo n g i tu d in a l  f a s c ic u lu s  as  beginning  r o s t r a l l y  near  

the  edge o f  the  t h i r d  v e n t r i c l e .  They s t a t e  th a t  i t  was jo in ed  by a 

la rg e  bundle from the  p o s te r io r  hypothalam ic a re a  as i t  passed cau d a lly  

to  e n te r  the  mesencephalon. This m idbrain  p o r t io n  was thought to  

o r ig i n a te  in  a l l  p a r t s  o f  the  hypothalamus excep t the su p ra o p t ic  and 

ven trom edia l hypothalm ic n u c le i .

Crosby and Woodburne(36) observed th a t  upon e n te r in g  the  m idbra in , 

the  d o rs a l  lo n g i tu d in a l  f a s c ic u lu s  c o n t r ib u te d  some f ib e r s  to  the  nucleus 

o f  Edinger-W estphal, and gave o f f  a second bundle , the  t e c t a l  component, 

t h a t  continued  to  run c a u d a l ly  w ith in  the  c e n t r a l  g ray  to  the  le v e l  o f  

the  su p e r io r  c o l l i c u l u s  where i t  tu rned  d o r s a l ly ,  e x i te d  the g ray ,  and 

te rm inated  in the  s u p e r io r  c o l l i c u l u s .

They f e l t  th a t  th e se  f ib e r s  ac ted  as a pathway fo r  o l f a c to v i s c e r a l  

impulses to  reach  the cauda l a r e a s .  Beginning a t  the  l e v e l  o f  the 

s u p e r io r  c o l l i c u l u s ,  the  d o rs a l  lo n g i tu d in a l  f a s c ic u lu s  s e p a ra ted  in to  

l a t e r a l  and m edial p o r t io n s .  The l a t e r a l  p o r t io n  ran  w ith in  the  d o rsa l  

or d o r s o la t e r a l  a r e a  o f  th e  c e n t r a l  gray m a tte r  and a m a jo r i ty  o f  i t s  

f ib e r s  ended in  the  l a t e r a l  nucleus  o f  the  c e n t r a l  g ray .  The remainder 

o f  the l a t e r a l  p o r t io n  con tinued  cau d a l ly  to  the  su p e r io r  s a l i v a to r y  

n u c leu s .  The medial p o r t io n  ran  j u s t  medial to  the  nucleus  o f  Darksche- 

w itch  in  the v e n t r o l a t e r a l  a rea  o f  the  p e r ia q u e d u c ta l  gray  m a tte r  and 

c o n t r ib u te d  to  the  d o rsa l  nucleus  o f  the raphe ,  the l a t e r o d o r s a l  nucleus 

o f  the  tegmentum and the  a d ja c e n t  tegm ental gray. They tra c e d  the  cau- 

dalmost e x te n t  o f  the medial p o r t io n  to  the  tegm ental gray o f  the  pons,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



13

the abducens nucleus  and motor f a c i a l  nucleus  befo re  the  f ib e r s  reached 

th e  medulla where they  passed in to  the  medial r e t i c u l a r  g ray  a rea .

In  a d d i t io n  to  the  descending t r a c t s ,  th e re  a re  a l s o  numerous 

ascending t r a c t s .  Morest (76) made le s io n s  in  th e  d o rsa l  tegmental 

nucleus  and t r a c e d  degenera tion  r o s t r a l l y  in  th e  d o rs a l  lo n g i tu d in a l  

f a s c ic u lu s .  He observed connec tions  between the  d o rs a l  tegem ental 

nucleus  and th e  p r e t e c t a l  n u c leu s ,  the  dorsomedial nucleus  o f  the  

th a la n u s ,  th e  p o s te r io r  hypothalamic reg io n  and the d o rsa l  hypo­

tha lam ic  a re a .  Cowan e t .  a l ,  (24) a l s o  in  a  degenera ting  axon s tudy , 

observed ascending  f ib e r s  from the  p e r ia q u e d u c ta l  reg ion  v ia  the  p e r i ­

v e n t r i c u l a r  f ib e r  system w ith in  t h e i r  a n n u lo -p e r i fo rn ic a l  system.

In a d d i t io n  to  the d o rsa l  lo n g i tu d in a l  f a s c ic u lu s ,  Thompson 

(114) observed two a d d i t io n a l  t r a c t s  w ith in  the c e n t r a l  g ray  which she 

named (1) the  d o rs a l  habenulotegm ental t r a c t  and (2) the v e n t r a l  

habenulotegm ental t r a c t .  Both took o r ig in  in  the  l a t e r a l  and medial 

habenular n u c l e i ,  and passed beneath the  p o s te r io r  commissure in  company 

w ith  the  h a b e n u lo te c ta l  f i b e r s .  From h e re ,  the  d o rsa l  t r a c t  turned 

cau d a l ly  and jo in ed  the  d o rs a l  lo n g i tu d in a l  fa s c ic u lu s  w ith in  the c e n t r a l  

g ray m a t te r .  The v e n t r a l  habenulo tegm ental t r a c t  ran  a lo n g s id e  the much 

la rg e r  habenulopeduncular t r a c t ,  or f a s c ic u lu s  r e t r o f l e x u s  of Meynert, 

u n t i l  reach ing  the  r o s t r o - l a t e r a l  su r fa c e  o f  the  in te rp ed u n cu la r  n uc leus .  

Here i t  curved caudodorsa lly  in  a s ix ty  degree a r c ,  jo in ed  th e  f a s c ic le s  

o f  the pedunculotegm ental t r a c t  and en te re d  the  v e n t r a l  a re a  o f  the  

c e n t r a l  gray m a tte r  a t  the  le v e l  o f  the oculomotor n uc leus .  Although 

some f ib e r s  te rm ina ted  h e re ,  the  m a jo r i ty  ran  in to  and jo in e d  the d o r­

s a l  lo n g i tu d in a l  f a s c ic u lu s .
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Although Bucher and Biirgi (16, 17) and Morest (76) noted a d i r e c t  

or d o rsa l  habenulotegm ental t r a c t  as d escr ibed  above, Cragg (25, 26) did 

n o t confirm  t h i s  in  the  r a b b i t .  He d id  observe an i n d i r e c t  connection 

between the  habenula and the  d o r s a l  tegm ental nucleus v ia  the  i n t e r -  

peduncular n u c leu s ,  and Nauta (8 2 ) ,  u s ing  a degenera ting  axon method o f  

trac k in g  a l s o  observed an in d i r e c t  pathway which ran  from the  habenular 

n u c l e i  to  the  in te rp ed u n cu la r  nucleus  and on to  the  c e n t r a l  gray m a tte r .

In a d d i t io n  to  the  fa s c ic u lu s  r e t r o f l e x u s  o f  Meynert, which appeared to  

him to o r ig i n a t e  c h i e f ly  in  th e  medial habenular  nuc leus ,  he noted  a more 

d i f f u s e  concomitant l a t e r a l  f ib e r  system th a t  o r ig in a te d  in  the  l a t e r a l  

habenular n uc leus .  Although the  m a jo r i ty  o f  the  f ib e r s  o f  th i s  l a t e r a l  

system passed l a t e r a l l y  through th e  c e n t re  median complex and then 

ca u d o v e n tra l ly  through the  mesencephalic tegmentum, a small number o f  

them passed in  a caudoven tra l  d i r e c t io n  w ith in  the  p e r ia q u ed u c ta l  gray 

m a t te r .  Although th i s  co n tin g en t w ith in  the  c e n t r a l  gray was no t s p e c i­

f i c a l l y  named, i t  appears  to  correspond w ith  the d o rsa l  habenulotegm ental 

t r a c t .

On the  o th e r  hand, Marburg (70) found no evidence o f  any connection 

between the  habenular  n u c l e i  and the  c e n t r a l  gray m atter  in the  human, 

nor did Akagi and Powell (2) employing an axon degeneration  study  in c a t s .

Another group o f  f ib e r s  w ith in  the  c e n t r a l  gray substance was r e ­

ported  by C a s ta ld i  (22) which he c a l le d  the  t a n g e n t ia l  group s in c e  they 

appeared to  leave th e  reg ion  o f  the  gray and pass out in to  the  tegmentum. 

This f ind ing  was confirmed by W eisschedel (119) and ag a in ,  l a t e r ,  by 

Nauta (82) using  h i s  own s ta in in g  technique fo r  degenerating  axons. Both 

the  l a t t e r  au th o rs  found th a t  th e se  t a n g e n t ia l  f i b e r s ,  or " r a d i a t i o  g r i -  

sea tegm enti"  as Weisschedel named them, passed no t only to the  tegmentum
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