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A s c e n d i n g  N o r a d r e n a l i n e  N e u r o n s  f r o m  the  P o n s  
and the  Medu l la  o b l o n g a t a  

The exis tence of noradrena l ine  (NA), dopamine  (DA) 
and 5 - h y d r o x y t r y p t a m i n e  (5-HT) neurons  in the  cent ra l  
nervous  sy s t em  have  recent ly  been descr ibed (for refer- 
ences see 1). I t  has  in te r  alia been  discovered t h a t  prac-  
t ical ly all the  NA, DA and 5-HT terminals  in the  di- 
encephalon  and  the  teIencephalon belong to  ascending 
neurons  wi th  the  celI bodies  in the  lower bra in  s t em 2-~. 
However ,  i t  has  as ye t  no t  been  possible to d e m o n s t r a t e  
the  exact  localization of the  NA cell bodies. Such a map-  
ping out  has been  made  in the  p resen t  inves t iga t ion  using 
a combined  h is tochemica l  and biochemical  approach .  

About  20 adul t  male Sprague-Dawley  ra ts  have  been 
used. E lec t ro the rmic  lesions 7,s were made  at  the  junc t ion  
be tween  the  pons  and the  mesencepha lon  on the  left side 
7-10 days  before killing. The lesions main ly  occupied the  
entire la teral  re t icular  format ion .  The NA and  the  DA on 
each side of the  d iencephalon  plus the  te lencepha lon  were 
de t e rmined  biochemical ly  in 8 of the  animals  ~,1~ The rest  
of the  animals  were t aken  for h is tochemical  demons t r a -  
t ion  of NA, DA and 5-HT in the  te lencephaIon and the  
d iencephalon  11,12. 

In  the  vas t  ma jo r i t y  of the  areas in the  t e lencepha lon  
and the  d iencepha lon  on the  opera ted  side, the re  was a 
marked  to ve ry  marked  decrease in the  n u m b e r  of NA 
nerve  terminals ,  e.g. in the  neocortex,  the  l imbic forebrain  
s t ruc tures  and  the  hypo tha l amus .  However ,  the  DA 
nerve  terminals ,  e.g. in th3 neos t r i a tum (the cauda te  
nuc leus-putamen) ,  the  tube rcu lum olfactor ium, the  
nucleus accumbens  and  the  med ian  eminence,  appeared  
in tac t  on b o t h  sides. The h is tochemica l  resul ts  are in 
comple te  ag reemen t  w i th  the  biochemical  da ta .  The NA 
level in the  te lencepha lon  plus the  d iencepha lon  on the  
opera ted  side was 0.13 #g/g (s.e.m. = 0.012, n = 8), where-  
as on the  i n t ac t  side i t  was 0.41 #g/g (s.e.m. = 0.083, 
n = 8), i.e. abou t  normal .  The difference is h ighly  sig- 
n i f icant  (P  < 0.001). No obvious changes  were found in 
the  DA levels on e i ther  side. Thus, a t  least  two th i rds  of 
the NA te rmina ls  in t he  te lencephalon  and  the  d iencepha-  
lon m u s t  belong to neurons  wi th  the  cell bodies caudal  to 
the  mesencephalon ,  whereas  pract ica l ly  all the  DA cell 
bodies are p resen t  ma in ly  in the  mesencepha lon  and 
pa r t ly  in the  diencephalon.  

The monoamine  nerve  te rmina ls  in the  ports, the  
medul la  ob longa ta  and  the  spinal  cord were in tac t .  Thus,  
mos t  if no t  all of these te rminals  m u s t  derive f rom fibres 
or iginat ing f rom cell bodies in the  pons  and  the  medul la  
oblongata  la. 

I m m e d i a t e l y  p rox imal  to the  lesion, a marked  accumu-  
lat ion of ca techolamines  (CA) was observed  in nerve  
fibres forming a large lemniscus in the  lateral  p a r t  of the  
mesencephal ic  re t icular  fo rmat ion  (Figure). The lemniscus  
was or ien ted  ma in ly  in a dorso-vent ra l  direction.  Such an 
accumula t ion  p rox imal  to a lesion has previous ly  been  
found to be typ ica l  for monoamine  neurons  5,14. 

A marked  increase in fluorescence in t ens i ty  was ob- 
served in swollen CA cell bodies in the  la teral  re t icular  
fo rmat ion  of the  medul la  ob longa ta  (group Al15) and  in 
all CA cell bodies  of the  pons  (group A5-A7),  e.g. in the  
locus coeruleus.  Most  of these re t rograde  cell body  
changes  (cf. 6, 13) were found  on the  side ipsi lateral  to the  
lesion. In  t he  medul la  ob longa ta  such changes  were ob- 
served also in some cell bodies on the  con t ra la te ra l  side. 
However ,  mos t  of the  NA neurons  appeared  uncrossed.  

The fibres f rom the  medul la  oblongata  reached  the  
mesencepha lon  via  the  dorsal  pa r t  of the  re t icular  forma-  

t ion in the  medul la  oblongata ,  and then  the  re t icular  
fo rmat ion  of the  pons  jus t  medial  to the  outgoing fibres 
of the  facial nerve  and  joined the  fibres f rom the  NA cell 
bodies in tile ports a t  t he  level of the  nucleus motor ius  

Caudal part of the mesencephalon of normal rat just caudal to an 
electrothermic lesion made in the lateral reticular formation. Trans- 
verse section. A large lenmiscus of strongly green-fluorescent fibres 
with a marked accumulation of CA is present. The fibres are trans- 
versely cut and appear as fluorescent dots. The ventro-dorsal 

direction is indicated by the arrow. • 100. 
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ne rv i  t r i gemin i  where  all t h e  f ibres l ay  i m m e d i a t e l y  
med ia l  a n d  do r somed ia l  to th i s  nuc l eus  1.. 

Zusammen/assung. N a c h  e inse i t igen  LXsionen im  R a t -  
t e n h i r n  an  der  Grenze  zwischen  Pons  u n d  Mesencepha lon ,  
k o n n t e  au f  G r u n d  v o n  a n t e r o g r a d e n  u n d  r e t r o g r a d e n  
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n e u r o n a l e n  Ver~tnderungen gezeigt  werden ,  dass  min-  
de s t e ns  2/a der  n o r a d r e n e r g e n e n  E n d i g u n g e n  im  Tel- 
e n c e p h a l o n  u n d  D ie nc e pha lon  h a u p t s g c h l i c h  zu de n  un-  
gekreuz ten ,  v o n  Zel lk6rpern  aus  Ports u n d  Medul la  ob- 
l o n g a t a  s t a m m e n d e n ,  A x o n e n  geh6ren .  
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T h e  Effect  of s o m e  N e u r o h o r m o n e s  on  the  H e a r t  
R a t e  of S p i d e r s  

Th e  a u t h o r s  of t he  p r e s e n t  p a p e r  s t ud i ed  t he  effect  of 
ace ty lcho l ine  a n d  ad rena l i n  on t he  h e a r t  ra te  of the  sp ider  
Tegenaria alrica C. L. Koch ,  b y  the  m e t h o d  used  b y  
MIKULSKA an d  KOKOCI~SKI 1 and  us ing  e lec t roencephalo-  
g raph ic  recording.  

I so l a t ed  weighed  a b d o m e n s  were immobi l i zed  on t he  
s t age  of a s te reoscopic  microscope,  a f te r  wh ich  two steel  
needle  e lec t rodes  of 5-10 # d i ame te r ,  were i n t roduc e d  
h y p o d e r m a l l y  a t  two s y m m e t r i c a l  po in t s  w i th  t he  he lp  of 
a m i c r o m a n i p u l a t o r .  T h e  e lec t rodes  were connec t ed  to a 
Ka i se r  e l e c t ro en cepha log raph  a n d  t he  ac t iona l  po t en t i a l s  
of t h e  h e a r t  were recorded  a t  a t ime  c o n s t a n t  of 0.6 or 
1.0 see, t h e  i n s t r u m e n t  be ing  ca l ib ra ted  a t  50 #V/3.5 m m  
and  t h e  h i g h  f r e q u e n c y  fi l ter  on. 

T h e  i n t r aca rd i ac  in jec t ions  of ad rena l in  and  acetyl -  
chol ine  were m a d e  us ing  an  Agla  mic rosy r inge  connec t ed  
to  glass  needles  control led  b y  m e a n s  of a m i c r o m a n i p u l a -  
tor.  Th e  r equ i red  c o n c e n t r a t i o n s  of t he  n e u r o h o r m o n e s  

were ob t a ine d  b y  d i lu t ing  t h e m  in J a g e r  phys io logica l  
so lu t ion .  Tes t  in jec t ions  did no t  p roduce  a n y  c ha nge  in 
the  ac t ion  of the  hear t .  

T h e  resu l t s  o b t a i n e d  so far  are as follows: in jec t ions  of 
ad rena l in  in a c o n c e n t r a t i o n  of 10 4 c a use d  a t h r e sho ld  
effect  in the  fo rm of a s l igh t  acce le ra t ion  of t he  h e a r t  rate,  
b u t  w i t h o u t  a n y  def in i te  c ha nge  in the  a m p l i t u d e  of the  
curve.  The  t h r e sho ld  a m o u n t  of ad rena l in  per  1 m g  of 
p r e p a r a t i o n  g iv ing  a pos i t ive ly  ch rono t rop ic  effect  was 
1.1 �9 10 .8 rag. Dosed  5.2 �9 10 -8 m g  per  1 rng, ad rena l in  
gave  a n  acu te  effect  cha rac te r i zed  b y  a rap id  decrease  of 
t he  a m p l i t u d e  a n d  a n  acce lera t ion  of t he  h e a r t  ra te .  The  
r e t u r n  to n o r m a l  was  c o m p a r a t i v e l y  slow (Figure  1). 
F u r t h e r  increase  of t he  ad rena l in  dose led to a levell ing of 
t he  a m p l i t u d e  a n d  to a s top  in t he  ac t ion  of the  hea r t .  

T h e  in jec t ions  of ace ty lchol ine  gave  a n e g a t i v e l y  
ch rono t rop ic  effect.  A l r e a dy  in a c o n c e n t r a t i o n  of 
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Fig. 1. Electrogram of heart in isolated 
abdomen. Injection of adrenaIin 5.2 �9 10-6/rag 
of weight of abdomen. A ,~ ~ injection; 

I - - I  = see. 

Fig. 2. EIectrograln of heart in isolated abdo- 
men. Injection of aeetylcholin 2.6 - 10 6/rag of 
weight of abdomen ,~ A = injection; 

I - - I  = see. 


