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Effect of Large Mesencephalic-Diencephalic 
Lesions on the Noradrenalin,  Dopamine and 
5-Hydroxytryptamine Neurons of the Central 

Nervous System 

h a d  occur red  for  5 -HT in m a n y  an i ma l s  a n d  for D A  in 
p rac t i ca l ly  all of t h e  rats .  

M a r k e d l y  increased  amine  levels were obse rved  in t h e  
NA, DA a n d  5 -HT n o n - t e r m i n a l  axons  v e n t r a l  an d  l a t e ra l  

There  exis t  large  a scend ing  n o r a d r e n a l i n  (NA), dop-  
amine  (DA) a n d  5 - h y d r o x y t r y p t a m i n e  (5-HT) n e u r o n  
sys tems  to  t he  t e l e n c e p h a l o n  a n d  d i encepha lon  1. Fo r  
severa l  pu rposes  i t  would  be  of va lue  to  i n t e r r u p t  these  
sys tems.  Since p rac t i ca l ly  all of t h e m  r u n  fa i r ly  close 
t o g e t h e r  in  t he  med ia l  v e n t r a l  a rea  of t he  c ran ia l  p a r t  of 
t he  mesencepha lon ,  large lesions h a v e  been  m a d e  in th i s  
region in t h e  p r e sen t  s tudy .  

I n  a b o u t  70 ma le  Sp rague -Dawley  ra t s  (body  we igh t  
300-400 g) large e lec t ro ly t ic  lesions~ were m a d e  med ia l ly  
in  t he  b o r d e r  zone b e t w e e n  t he  m e s e n c e p h a l o n  an d  
d iencepha lon .  Af te r  o p e r a t i o n  "the r a t s  were fed b y  
s t o m a c h  t u b e  dai ly.  T h e y  were k e p t  a t  a t e m p e r a t u r e  of 
27~ The  r a t s  were ki l led 3-60 days  a f t e r  opera t ion ,  
mos t  of t h e m  be ing  ki l led a f t e r  a b o u t  14 days.  U n t r e a t e d  
r a t s  of t he  same  s t r a i n  a n d  weigh t  served  as controls .  A 
l i t t le  more  t h a n  ha l f  of t h e  r a t s  were t a k e n  for b iochemica l  
d e t e r m i n a t i o n s  of NA,  D A  a n d  5 - I tT  8-s. The  d i encepha -  
l ea  plus  t he  m e s e n c e p h a l o n  of these  an ima l s  were p laced  
in 10% formal in ,  e m b e d d e d  in paraff in ,  sect ioned,  s t a ined  
w i t h  to lu id ine  blue,  a n d  t he  site of the  lesion e x a m i n e d  
u n d e r  a l igh t  microscope.  The  b ra ins  of t he  res t  of t h e  
an ima l s  were t a k e n  for e x a m i n a t i o n  b y  t he  h i s tochemica l  
f luorescence m e t h o d  for  NA,  DA and  5 -HT 9,1~ (For  
p rac t i ca l  detai ls ,  see n.)  I n  some cases also t he  sp ina l  cord  
was ana lysed  b iochemica l ly  and  h i s tochemica l ly .  

The  pos i t ion  of a t yp i ca l  lesion is shown  in F igure  1. 
I t  was  usua l ly  s y m m e t r i c a l  a n d  i nvo lved  the  mid l ine  
s t r u c t u r e s  of t he  c ran ia l  t h i r d  of t he  m e s e n c e p h a l o n  a n d  
t he  cauda l  t h i r d  of t h e  d iencepha lon ,  l eav ing  on ly  t h e  
l a te ra l  t h i r d  of these  regions in tac t .  An imals  w i t h  lesions 
of th i s  t y p e  d i sp layed  t he  fol lowing signs:  h u n c h e d - b a c k  
pos tu re  (Figure  2), akines ia ,  ca ta lepsy ,  p tos is  an d  in-  
creased r e a c t i v i t y  to  pa in fu l  s t imul i  a n d  sounds.  

Ve ry  m a r k e d  a n t e r o g r a d e  degene ra t ive  changes  were 
obse rved  in the  NA, D A  a n d  5 -HT ne rve  t e r m i n a l s  of t h e  
t e l encepha lon  a n d  d iencepha lon .  Thus ,  p rac t i ca l ly  no  
D A  ne rve  t e r m i n a l s  were obse rved  ill t h e  nuc leus  cauda -  
t u s - p u t a m e n ,  t u b e r c u l u m  o l f ac to r ium and  nuc leus  ac- 
cumbens .  N A  n e r v e  t e r m i n a l s  were found  a l m c s t  on ly  in 
t he  p reop t ic  a rea  a n d  t h e  h y p o t h a l a m u s ,  a l t h o u g h  in 
m a r k e d l y  decreased  number s ,  whereas  t he  N A  n e r v e  
t e r m i n a l s  of t he  neocor tex ,  mos t  l imbic  fo rebra in  s t ruc-  
tu res  and  t he  t h a l a m u s  h a d  more  or  less comple t e ly  de-  
genera ted .  Those  po r t i ons  of t he  p reop t i c  a rea  a n d  t h e  
h y p o t h a l a m u s  w h i c h  st i l l  con t a ined  a cons iderab le  
a m o u n t  of N A  n e r v e  t e r m i n a l s  were m a i n l y  t he  v e n t r a l  
p a r t  of t he  nuc leus  in te r s t i t i a l i s  s t r iae  te rmina l i s ,  t h e  
l a te ra l  h y p o t h a l a m i c  a n d  preop t ic  area,  t he  re t roch ias -  
m a t i c  area,  nuc leus  supraop t icus ,  nuc leus  dorsomedia l i s  
h y p o t h a l a m i  a n d  nuc leus  pe r iven t r i cu la r i s  h y p o t h a l a m i .  
I n  some animals ,  however ,  p rac t i ca l ly  all  t h e  NA ne rve  
t e rmina l s  h a d  d i s appea red  also in these  regions. The  D A  
ne rve  t e rmina l s  of t he  m e d i a n  eminence  were no t  a f fec ted  
b y  th i s  lesion, however .  The  5-HT ne rve  t e rmina l s  of t h e  
nuc leus  s u p r a c h i a s m a t i c u s  h a d  comple t e ly  d i sappeared .  
Since no  n i a l a m i d e  t r e a t m e n t  was  pe r fo rmed ,  i t  is n o t  
possible  to  e v a l u a t e  h i s tochemica l ly  t h e  degree of de- 
gene ra t i on  of t he  5 -HT ne rve  t e rmina l s  in  t he  o t h e r  p a r t s  
of t he  p rosencepha lon .  The  b iochemica l ly  d e t e r m i n e d  
amine  levels of t he  t e l encepha lon  of r a t s  w i t h  the  signs 
descr ibed  a b o v e  are s h o w n  in t he  Table .  I n  some an ima l s  
a lmos t  all  t h e  N A  h a d  d i s appea red  in t he  same  w a y  as 

MS 
Fig. 1. Projection drawings showing a typical lesion producing effects 
such as hunched-back posture and catalepsy. CA = anterior com- 

missure; MB = mammillary body; CC = crus cerebri. 

Fig. 2. Rat with a large mesencephalie-diencephalic lesion produced 
14 days previously. 
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to  t h e  les ion.  T h e  5 - H T  f i b r e s  c o u l d  be  t r a c e d ,  h o w e v e r ,  
o n l y  for  a r a t h e r  s h o r t  d i s t a n c e  f r o m  t h e  l es ion ,  w h e r e a s  
t h e  N A  f ib re s  c o u l d  be  t r a c e d  as  f a r  d o w n  as  to  t h e  ports .  
T h e  l a t t e r  f i b re s  we re  o b s e r v e d  to  f o r m  a d o r s a l  a n d  a 
v e n t r a l  t e g m e n t a l  p a t h  in  t h e  m e s e n c e p h a l o n .  T h e  D A  
n e r v e  f ib re s  f r o m  t h e  D A  cell  b o d i e s  of  t h e  z o n a  c o m p a c t a  
o f  t h e  s u b s t a n t i a  n i g r a  r a n  v e n t r a l  t o  t h e  l e m n i s c u s  
m e d i a l i s  in  a m e d i o v e n t r a l  d i r e c t i o n  to  a s c e n d  m e d i a l  t o  
t h e  z o n a  c o m p a c t a  a m o n g  t h e  o c u l o m o t o r  f ib res .  R e t r o -  
g r a d e  cel l  b o d y  c h a n g e s  we re  o b s e r v e d  in  p r a c t i c a l l y  a l l  
c a t e c h o l a m i n e  cell  b o d i e s  in  a l l  t h e  m e s e n c e p h a l i c  cel l  
g r o u p s ,  in  t h e  cell  b o d i e s  of  l o c u s  c o e r u l e u s ,  o f  t h e  t r a c t u s  
r u b r o s p i n a l i s  in  t h e  p o n s ,  a n d  of  t h e  r e t i c u l a r  f o r m a t i o n  
in  t h e  m e d u l l a  o b l o n g a t a  a n d  por ts  ( A 8 - A 1 0 ,  A 5 - A 7 ,  A 1 
a c c o r d i n g  to  11). D u r i n g  t h e  f i r s t  w e e k  t h e r e  w a s  a m a r k e d  
i n c r e a s e  in  t h e  a m i n e  l eve l s  of  m a n y  c a t e c h o l a m i n e  cel l  
b o d i e s  of  t h e  cell  g r o u p s  m e n t i o n e d  a b o v e .  T h e  ceils  a lso  
a p p e a r e d  s w o l l e n  a n d  s h o w e d  m o r e  d i s t i n c t  p r o c e s s e s  
t h a n  u s u a l .  A f t e r  4 weeks ,  h o w e v e r ,  t h e  a m i n e  l eve l s  
we re  no  l o n g e r  i n c r e a s e d  a n d  in  m a n y  m e s e n c e p h a l i c  cel l  
b o d i e s  d e c r e a s e d  a m i n e  l eve l s  we re  p r e s e n t .  T h e s e  n e r v e  
cel ls  a lso  a p p e a r e d  s h r u n k .  D u r i n g  t h e  f i r s t  w e e k  a f t e r  
o p e r a t i o n  i n c r e a s e d  a m i n e  l eve l s  were  o b s e r v e d  a l so  in  
m a n y  5 - H T  cell  b o d i e s  of  n u c l e u s  r a p h e  do r sa l i s  a n d  
e s p e c i a l l y  of  n u c l e u s  r a p h e  m e d i a n u s  ( g r o u p s  B 7 - B 8  ac -  
c o r d i n g  to  11). A f t e r  2 - 4  w e e k s  t h e r e  we re  o b s e r v e d  a lso  
f a i r l y  m a r k e d  i n c r e a s e s  in  t h e  n u m b e r  a n d  i n t e n s i t y  of  
t h e  N A  n e r v e  t e r m i n a l s  in  t h e  l ower  b r a i n  s t e m  (e.g. t h e  
n u c l e u s  n. V a n d  V I I ,  t h e  r e t i c u l a r  f o r m a t i o n  of  t h e  p o n s  
a n d  t h e  m e d u l l a  o b l o n g a t a ;  see  F i g u r e  3) a n d  in  t h e  
c e r e b e l l u m .  I n  t h e  f ew a n i m a l s  in  w h i c h  t h e  s p i n a l  c o r d  
w a s  s t u d i e d ,  i n c r e a s e s  we re  u s u a l l y  o b s e r v e d  a l so  t h e r e  
in  t h e  n u m b e r  a n d  i n t e n s i t y  of  t h e  N A  n e r v e  t e r m i n a l s .  
T h e  5 - H T  t e r m i n a l s ,  h o w e v e r ,  s h o w e d  no  c e r t a i n  c h a n g e s .  
Also  b i o c h e m i c a l  a s s a y s  r e v e a l e d  i n c r e a s e s  of  N A  in  t h e  
p o n s  p l u s  t h e  m e d u l l a  o b l o n g a t a  a n d  t h e  c e r e b e l l u m  
(Table )  a n d  s o m e t i m e s  also in  t h e  s p i n a l  cord .  W h e n  t h e  
l e s ions  were  s m a l l  o r  w h e n  t h e  r a t s  we re  in  b a d  c o n d i t i o n ,  
t h e s e  i n c r e a s e s  in  i n t r a n e u r o n a l  N A  were  n o t  o b s e r v e d .  

T h e  r e s u l t s  s h o w  d e f i n i t e l y  t h a t  t h e  N A ,  D A  a n d  5 - H T  
n e r v e  t e r m i n a l s  of  t h e  t e l e n c e p h a l o n  a n d  d i e n c e p h a l o n  
b e l o n g  to  l a rge  a s c e n d i n g  n e u r o n  s y s t e m s  o r i g i n a t i n g  
f r o m  t h e  lower  b r a i n  s t e m .  O n e  e x p l a n a t i o n  fo r  t h e  
s i m u l t a n e o u s  d e c r e a s e  a n d  i n c r e a s e  of  t h e  N A  in  t h e  n e r v e  
t e r m i n a l s  of  t h e  p r o s e n c e p h a l o n  a n d  t h e  l ower  b r a i n  
r eg ions ,  r e s p e c t i v e l y ,  m a y  be  t h a t  t h e  N A  s t o r a g e  g r a -  
n u l e s  p r o d u c e d  in  t h e  cel l  b o d i e s  a r e  a c c u m u l a t e d  in  t h e  
t r a n s e c t e d  n o n - t e r m i n a l  a x o n s  a n d  t r a n s p o r t e d  in  in -  
c r e a s e d  a m o u n t s  d o w n  i n t o  t h e  r e m a i n i n g  a x o n  b r a n c h e s  
of  t h e  N A  n e u r o n s .  T h i s  w o u l d  m e a n  t h a t  a s ing le  N A  
n e u r o n  h a s  i n n e r v a t i o n  a r e a s  s i t u a t e d  f a r  a w a y  f r o m  e a c h  
o t h e r .  I t  m a y  t h u s  i n n e r v a t e  t h e  t e l e n c e p h a l o n ,  t h e  b r a i n  
s t e m ,  a n d  t h e  c e r e b e l l u m  as  we l l  a s  t h e  s p i n a l  c o r d .  

T h e  s i g n s  o b s e r v e d  a f t e r  t h e  l a r g e  l e s i ons  a r e  in  m a n y  
r e s p e c t s  s i m i l a r  to  t h o s e  f o u n d  a f t e r  r e s e r p i n e  t r e a t m e n t .  
S ince  in  b o t h  c a s e s  t h e r e  is a de f i c i t  of  m o n o a m i n e s  in  t h e  
p r o s e n c e p h a l o n ,  i t  is  t e m p t i n g  to  a s s u m e  t h a t  t h e s e  ef-  
f e c t s  a r e  c o r r e l a t e d .  T h i s  h a s  t o  be  t e s t e d  in  f u t u r e  e x -  
p e r i m e n t s  13. 

Effect of large mesencephalic-diencephalic lesions on the levels (/~g/g; 
mean -r s.e.m.) of 5-hydroxytryptamine (5-HT), dopamine (DA) and 
noradrenalin (NA) in different parts of the rat  brain. In the lesion 
group only rats showing effects such as hunched-back posture are 

included 

Control Lesion Difference 
group group 

5-HT in telencephalon 0.35 q- 0.019 0.05 q- 0.010 P < 0.001 
(n - 14) (n - 25) 

DA in telencephalon 1.19 • 0.0~7 0.05 • 0,014 P < 0.001 
(n = 14) (n = 25) 

NA in telencephalon 0.52 • 0.034 0.13 ~- 0.011 P ~ 0.001 
(n = 14) (n = 25) 

NA in pons 0.65 -1= 0.031 1.02 • 0.075 P % 0.01 
+ medulla oblongata (n - 7) (n - 11) 
NA in cerebellum 0.18 i 0.012 0.26 i 0.010 P ~ 0.01 

(n - 7) (n = 7) 

Fig. 3a. Nucleus cochlearis dorsalis of normal rat (cross section). A 
very low density of v e r y  fine noradrenalin nerve terminals is ob- 

served, x 280. 
Fig. 3b. Nucleus eochlearis dorsalis of rat with a large meseneephalic- 
diencephalic lesion (cross section). Increased number of noradrenalin 
nerve terminals with increased fluorescence intensity are observed. 

x 280. 

Zusammen[assung. N a c h  A u s f t i h r u n g  v o n  g r o s s e n  s y m -  
m e t r i s c h e n  m e s e n c e p h a l i s c h - d i e n c e p h a l i s c h e n  L ~ s i o n e n  
in  R a t t e n  k o n n t e  m i t  H i l f e  v o n  b i o c h e m i s c h e n  u n d  h i s t o -  
c h e m i s c h e n  M e t h o d e n  e i n d e u t i g  f e s t g e s t e l l t  w e r d e n ,  d a s s  
d ie  D o p a m i n  (DA),  N o r a d r e n a l i n  (NA) u n d  5 - H y d r o x y -  
t r y p t a m i n  (5 -HT)  e n t h a l t e n d e n  N e r v e n t e r m i n a l e n  i m  
P r o s e n c e p h a l o n  zu  g r o s s e n  a u f s t e i g e n d e n  D A ,  N A  u n d  
5 - H T  N e u r o n s y s t e m e n  g e h 0 r e n .  Die  Z e l l k 6 r p e r  d i e se r  
N e u r o n e n s y s t e m e  s i n d  i m  G e h i r n s t a m m  loka l i s i e r t .  
D i e s  d e u t e t  d a r a u f  h i n ,  d a s s  e in  e i n z e l n e s  N A  N e u r o n  
G e b i e t e  i n n e r v i e r e n  k a n n ,  d ie  w e i t  a u s e i n a n d e r  l iegen ,  
z u m  B e i s p i e l  a u f  d e r  e i n e n  Se i t e  i m  C e r e b e l l u m ,  a u f  d e r  
a n d e r e n  i m  P r o s e n c e p h a l o n .  
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