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H i s t o c h e m i c a l  D e m o n s t r a t i o n  for the R e l e a s e  of N o r e p i n e p h r i n e  f r o m  the S y m p a t h e t i c  N e r v e s  in the 
Cat Sp leen  

In  t he  p resen t  communica t i on  the  release of norepine-  
phr ine  (NE) f rom the  splenic nerves  of cats  has  been  
d e m o n s t r a t e d  a t  a microscopic level by  using a his to-  
chemical  f luorescence procedure .  

Methods and materials. The ca t  spleen was isola ted  in 
the  abdom en  and perfused  at  a ra te  of 7 ml /min  wi th  
Krebs -b ica rbona te  solut ion at  33-35~ ~. In  some experi-  
m e n t s  spleens were per fused  wi th  Krebs -b ica rbona te  
solut ion conta in ing  phen to l amine  (3 ag/ml).  A smal l  
por t ion  of tile spleen was removed  before nerve  s t imula-  
t ion  and left in the  abdomina l  cavi ty .  In  order  to  demon-  
s t r a t e  his tological ly t he  release of N E  f rom s y m p a t h e t i c  
nerves,  the  ar ter ia l  and  the  venous flows were s topped  
dur ing  the  per iod of nerve  s t imula t ion  (30/sec for 60 sec). 
As the  s t imula t ion  con t inued  and  the  flow had  s topped,  
l iquid n i t rogen was poured  di rec t ly  in to  the  abdomina l  
cav i ty  to  freeze the  spleen. The smal l  por t ion  of t he  spleen 
r emoved  before s t imula t ion  was also s imul taneous ly  
frozen, along wi th  the  s t imula ted  por t ion  of the  spleen. 
Small  blocks of t h e  f rozen t issue were then  p repared  for 
h is tochemica l  N E  fluorescence studies2. 

Results. Figure  1 shows the  pho tomic rog raphs  of a 
phen to l amine - t r ea t ed  spleen before and  dur ing  nerve  
s t imulat ion.  Figure 1A shows discrete  f luorescent  f ibers 
in 3 small  ar ter ies  of the  control  uns t imula ted  por t ion  of 
the  spleen. The f luorescence is located mos t ly  in the  adven-  
t i t ia l  layer.  In t e rna l  elastic lamina  is fa in t ly  visible in one 
of these  arteries.  F igure  1B shows deve lopmen t  of diffused 
b r igh t  f luorescence over  media l  layer  dur ing nerve  s t imu-  
la t ion and flow-stop.  Fluorescence is br ight ,  bu t  so diffuse 
t h a t  d i f ferent  regions of t he  ar ter ia l  wall  canno t  be iden- 
t i f ied wi th  cer ta in ty .  A diffuse f luorescence is also seen 
a round  a t r abecu lum and a cluster  of 3 small  arteries.  
Figure 1C shows a t r ansverse  sect ion of an ar tery,  a nerve  
bundle  and a vein dur ing  nerve s t imula t ion  and f low-stop ; 
two  smal l  ar ter ies  are also seen. Discrete,  localized 

fluorescence, so charac ter i s t ica l ly  p resen t  in the  adven t i -  
t ia l  layer  of uns t imu la t ed  splenic arteries,  c anno t  be 
observed af ter  s t imula t ion  and  flow-stop.  Qual i ta t ive ly  
similar  resul ts  were ob ta ined  f rom un t r ea t ed  spleens, bu t  
the  i n t ens i ty  of f luorescence of s t imula ted  por t ions  of the  
spleen was weaker.  

Discussion. Presen t  expe r imen t s  demons t r a t e  the  re- 
lease of N E  from post -gangl ionic  sympa the t i c  nerves  of 
the  cat  spleen wi th  the  help of a histological  technique.  
This was possible only af ter  diffusion of the  released 
t r a n s m i t t e r  was res t r ic ted  by  f low-stop and  the  q u a n t i t y  
of N E  released by  nerve  s t imula t ion  was enhanced  by  the  
use of phen to lamine .  The fact  t h a t  in a normal  spleen the  
f luorescence is res t r ic ted  only  to the  s y m p a t h e t i c  nerve  
endings,  whereas  af ter  nerve  s t imula t ion  the  f luorescence 
spreads  over  the  smoo th  muscle  cells of the  medial  layer  
and in te rna l  elastic l amina  and  becomes less intense,  
offers a d i rec t  evidence for tile release of N E  from sympa-  
the t ic  nerve  endings.  

Hi s tochemica l  observa t ions  3, 4 show t h a t  s mo o t h  
muscle cells, collagen, and  elastic t issue of the  isolated 
arteries,  develop in tense  f luorescence af ter  infusion of 
large quan t i t i e s  of NE.  The f luorescence was not  affected 
by  10 5 g/ml  of phenoxybenzaminea .  GILLESPIE et  al. ~-4 
showed t h a t  the  th reshold  concen t ra t ion  of N E  to  make  
these  t issues fluoresce was of the  order  of 10 -5 g/ml. Since 
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Figure A) shows a transverse seetion of an unstimulated portion of the spleen showing 3 blood vessels with tile characteristic arrangement of 
fluorescent fibers in the adventitial layer. Figure B) shows tile development of fluorescenee in 1 artery and a strand of trabeculurn during 
nerve stimulation and flow-stop. This section is tangentially cut. Figure C) is a transverse section and shows the effect of nerve stimulation 
and flow-stop on the development of fhlorescenee in an artery, nerve bundle, vein, and 2 small arteries. • 205. 
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the  in t ens i ty  of {luorescence of the  t issues af ter  nerve  
s t imula t ion  and  f low-stop was obviously  m u c h  greater  
t h a n  t h a t  p roduced  by  th resho ld  concen t ra t ions  of NE,  
we have  to  conclude t h a t  N E  concen t ra t ions  of several  
orders h igher  m u s t  have  been p resen t  in the  i m m e d i a t e  
v ic in i ty  of these  smoo th  muscle cells and  elastic t issue to  
make  t h e m  br igh t ly  fluoresce. This  would mean  t h a t  even  
h igher  concen t ra t ions  would be found in the  i m m e d i a t e  
v ic in i ty  of the  nerve  ending  af ter  nerve  s t imulat ion.  E v e n  
t hough  flow was s topped  dur ing  s t imulat ion,  some 
l imi ted  local diffusion down the  s teep  concen t ra t ion  
gradient ,  and  hence  di lut ion,  m u s t  have  occurred by  the  
t ime  the  t r a n s m i t t e r  reached the  smoo th  muscle  cells. I t  
is therefore  conceivable  t h a t  concen t ra t ions  of N E  greater  

t h a n  10 -5 g/ml  may  be found  a round  the  nerve  t e rmina l s  
soon af ter  s t imula t ion .  

Rdsumd. Le d6ve loppement  de f luorescence diffuse pro-  
voqu6e dans  les cellules lisses, les t rab6cules e t  le t issue 
61astique par  la s t imula t ion  des nerfs spl6niques du cha t  
p e n d a n t  l 'occlusion, est  tenu  pour  6vidence directe  de la 
l ib6rat ion de noradr6nal ine  p r o v e n a n t  de nerfs sympa-  
thiques .  
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Dentatec tomy:  Absence  of Effects on Dysk ines ia s  Ariz ing  f r o m  Ghemical  S t imula t ion  of the S tr ia tum 
in Rats  t 

A useful expe r imen ta l  model  of dyskinesias  arizing f rom 
an induced  exc i t a to ry - inh ib i to ry  imbalance  in the  s t r ia-  
t u m  has  been  developed 2. This  model  was used in t he  
p resen t  r epor t  to  eva lua te  the  effects  of d e n t a t e c t o m y  on 
dyskines ias  of s t r ia ta l  origin in awake and  freely mov ing  
rats .  The s t u d y  was p r o m p t e d  by  recent  a t t e m p t s  to  
produce  relief of pa rk inson ian  dyskines ias  by  den ta tec -  
tomyS,  4 and re la ted  a t t e m p t s  to a l ter  les ion- induced 
t r emors  in monkeys  4. In  addi t ion,  COOPER 5 has sugges ted  
t h a t  the  cerebel lum plays  an i m p o r t a n t  role in t he  pro-  
duc t ion  of pa rk inson ian  and  re la ted  pos tu ra l  t remors .  

Materials and methods. Stainless  s teel  cannulae  were 
p e r m a n e n t l y  i m p l a n t e d  in the  n e o s t r i a t u m  (nucleus 
cauda tus -pu tamen)  of young adul t  male  H o l t z m a n  ra t s  
(250-300 g b o d y  wt.) according to  the  prodecure  of DILL 
et  a l ) .  The cannulae  were placed s tereotaxica l ly  a t  the  
level of the  anter ior  commissure  w i th  coordinates  ob ta ined  
f rom the  at las  of t he  ra t  brain,  by  PELLEGRINO and  
CUSHMAN 6. Seven days  af ter  cannula t ion ,  each r a t  was 
in jec ted  in t ras t r i a ta l ly  (IS) wi th  1.5 ~zg of carbachol  (Car- 
choline), 0.5 mg /ml  saline. IS- in jec t ions  were made  a t  a 
ra te  of 1 v1/min to  a to ta l  of 3 ~xl. The detai ls  of the  injec- 
t i on  t echn ique  were descr ibed previously  by  DILL et  al. 
in 1966 ~. 

The dyskinesias  resul t ing  f rom the  IS  in jec t ion  of 
carbachol  were r anked  according to t he  following sy s t em : 

The f requency  of the  cont ra la te ra l  forel imb t r emo r  was 
measured  by  means  of a magne t i c  t r e m o r  recorderL 
L a t en cy  of effect  was expressed as t he  t i m e  in te rva l  
be tween  in i t ia t ion of the  IS  in ject ion and  the  f irs t  ap- 
pearance  of t remor .  

Two days  af ter  the  ini t ial  carbachol  inject ion,  each ra t  
was lesioned s te reo tax ica l ly  in the  d en t a t e  nucleus" by  
means  of a LM-4 Grass lesion maker .  Three  groups of 5 
to 7 ra t s  were lesioned in the  d en t a t e  nucleus according 
to the  following p lan :  Group 1, ipsi la teral  to  the  cannula  
s i te;  Group 2, con t ra la te ra l  to  t he  cannula  site ; and Group 
3, bi la teral ly .  
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Type of dyskinesia Rank of dyskinesia 

0 1 2 3 4 5 6  

Contralateral forelimb tremor a b b ~ o c 
Facial tremor ~ a b e e 
Chewing motions ~ ~ b o o 
Neck tremor ~ ~ b 
Contralateral tfindlimb tremor ~ b b b 
Hyperextension of trunk ~ b b 
Bilateral forelimb tremor a b b 
Sialorrhea ~ b 
Generalized convulsions 

Slight intensity and brief duration (1-5 min). bModerate intensity 
and duration (6-40 rain), c Severe intensity and long duration (more 
than 40 min). 

Large unilateraI lesion of rat eerebellar deep nuclei on left: Intact 
nuclei labeled on right: f, fastigial nucleus; i, interposed nucleus; d, 
dentate nucleus. • 7. 


