
304 Speeialia EXPERIENTIA 29/3 

In conclusion, our results  indicate  that a m p h e t a m i n e  
gains access to  the  bra in  by  a combina t ion  of 2 i ndependen t  
mechan i sms  : free diffusion and a car r ie r -media ted  process.  
The a m p h e t a m i n e  carrier  is sa turable ,  pFI dependen t ,  
and par t i c ipa tes  in t he  up take  of m e t h y l p h e n i d a t e  and  
f l -phenethylamine.  The rap id  onset  of ac t ion of a m p h e t -  
amine  af ter  in t ravenous  admin i s t r a t ion  m a y  reflect  the  
s imul taneous  opera t ion  of these  up t ake  mechanisms .  

Zusammen/assung. Unte r suchungen  fiber die die Pene-  
t r a t ion  yon A m p h e t a m i n e n  ins Gehirn b e s t i m m e n d e n  

Faktoren .  En twick lung  neuer  Aspekte  im Hinbl ick  auf 
den Transpor t  yon  A m p h e t a m i n e n  tiber d i e  B lu t -Hi rn -  
Schranke  mi t t e l s  eines TrXgers. 
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A S t u d y  of  t h e  M e c h a n i s m  of  L o w e r i n g  t h e  
S y m p a t h e t i c  H y p e r i n n e r v a t i o n  

Nerve  g rowth  factor  (NGF) is k n o w n  to induce the 

h y p e r t r o p h y  and hype rp l a sy  of s y m p a t h e t i c  and  embryo-  
nal sensory cells1-% The in ject ion of N G F  to new-born  
mice resul ts  in an increase in the  a m o u n t  and  d imens ions  
of t he  s y m p a t h e t i c  ganglia neurons  ~, ~, a th ickening  of 
s y m p a t h e t i c  t runks  due to an increase of the  f iber  number ,  
and also an a u g m e n t a t i o n  of the  dens i ty  of s y m p a t h e t i c  
t e rmina ls  in t he  effector  organ 2, 4, 5. As compared  wi th  
the  normal ,  the  noradrenal in :  con ten t  of the  per iphera l  
organs is a u g m e n t e d  in such animals  6. Thus,  by  means  of 
NGF,  animals  can  be ob ta ined  in which  organs are 
h y p e r i n n e r v a t e d  by  s y m p a t h e t i c  terminals ,  An invest iga-  
t ion of the  in tes t ine  smoo th  muscle  w i th  s y m p a t h e t i c  
hype r inne rva t ion  revealed t h a t  t he  sens i t iv i ty  of th is  
muscle to noradrena l in  is lowered as compared  wi th  the  
controlT. I t  has  been assumed t h a t  dene rva t ion  m a y  no t  
only increase t he  sens i t iv i ty  of t he  effector,  according to  
the  dene rva t ion  law, bu t  decrease a t  hype r inne rva t i o n  7. 

Adrenerget ic  t e rmina l s  are known  for the i r  capac i ty  to  
up take  ca techolamines  f rom the  env i ronment .  Therefore,  
some a m o u n t  of t he  in jec ted  agen t  is up t aken  by  the  
t e rmina l s  af ter  noradrena l in  in ject ion and  the  noradren-  
alin concen t ra t ion  in the  area of the  smoo th  muscle  
m e m b r a n e  decreases.  An augmen ted  response  of the  
smoo th  muscle to  humora l  s t imulus  m a y  occur as a 
result  of the  des t ruc t ion  of s y m p a t h e t i c  fibers, e.g. due to  
the i r  degenerat ion,  even if the  sens i t iv i ty  of t he  post-  
synap t i c  m e m b r a n e  has  remained  u n c h a n g e d <  I t  is clear 
t h a t  the  effect  of lowering the  sens i t iv i ty  on account  of 

S e n s i t i v i t y  of  S m o o t h  M u s c l e  to  N o r a d r e n a l i n  w i t h  

t he  te rmina ls  witl be  more  p ronounced  if t he  n u mb er s  of 
t e rmina l s  on the  pe r iphe ry  has increased.  Agains t  a cocaine 
background  the  te rmina ls  lose the i r  capac i ty  to  take  up- 
ca techolamines  s-l~ Therefore,  a compara t ive  s tudy  of 
sens i t iv i ty  in a normal  and  h y p e r i n n e r v a t e d  s mo o t h  
muscle  in response  to noradrena l in  agains t  a cocaine back-  
ground pe rmi t s  us to de te rmine  w h e t h e r  the  sens i t iv i ty  
of the  effector  organ cells to th is  agent  differs or not.  

Material and method. In  the  p resen t  work  we used the  
N G F  prepa ra t ion  f rom t h e  Wellcome,  Kent ,  England .  
The p repa ra t ion  was in jec ted  to  young  mice  a t  a ra te  of 
500 biological uni ts  per  1 g of body  weight  for 15 days,  
af ter  which the  animals  were tes ted.  
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Mean noradrenalin doses (M -4- m; in bg) causing standard responses of the smooth muscle in normal and hypersympathetized animals in 
intact preparations and after cocaine treatment 

Response .Norm Hypersympathetization Cocaine 

Norm Hypersympathetization 

Threshold 0.865 + 0,097 1.693 + 0,349 
- -  0,088 -- 0,288 

n = 27 n = 14 
p < O.Ol 

50% of the maximal 1,914 + 0.375 5.009 + 1.122 
-- 0.311 -- 0.915 

n = 22 n = 12 
p < O.Ol 

Maximal 43.29 + 5.37 149.0 + 39.0 
- -  4.78 -- 30.9 

n = 28 n = 13 
p < 0.001 

0.322 + 0,038- 0,473 + 0.075 
-- 0.034 -- 0.065 

n = 25 n -- 16 
p < 0.05 

0.726 4- 0,095 1.446 + 0.269 
-- 0.084 -- 0.227 

n -- 18 n = I0 

p < 0.01 

II.Ii + 1.91 40.90 + 11.67 
- -  1.62 -- 9.08 

n : 25 n = 15 

p < o.ool 
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A macroscopic  s tudy  revealed a h y p e r t r o p h y  of sym-  
pa the t i c  ganglia.  The use of t he  impregna t i on  autoradio-  
graphy,  and  also the  Nissle, Mazia and  Brache t  methods ,  
revealed t h a t  the  h y p e r t r o p h y  of the  s te l la te  gangl ion of 
the  s y m p a t h e t i c  chain is associa ted wi th  the  h y p e r t r o p h y  
of neurons  wi th  a mani fes ted  increase of the i r  dimensions.  
These nerve  cells show an increase of p ro te in  and R N A  
synthesis .  Most  of t he  neurons  con ta in  2-4 nucleoli. 

These da t a  indica te  t h a t  in our expe r imen t s  N G F  
exh ib i t ed  a wel l -known s t imula t ing  effect  on the  develop-  
merit  of s y m p a t h e t i c  sys tem.  

Two series of expe r imen t s  were pe r fo rmed  b o t h  on 
animals  w i th  a h y p e r t r o p h i e d  s y m p a t h e t i c  sys t em and  
normal  animals  w i th  a v iew of s tudy ing  the  sens i t iv i ty  of 
t he  smoo th  muscle  to  noradrenMin.  The exper imen ta l  
t echn ique  was s imilar  to t h a t  descr ibed aboveL 

Results. The f irs t  series of expe r imen t s  conf i rmed the  
earlier results  ob ta ined  v concerning the  lower sens i t iv i ty  
of the  in tes t ine  sm oo th  muscle to noradrena l in  in animals  
w i th  s y m p a t h e t i c  hype r inne rva t i on  as compared  wi th  
the  normal.  In  th is  expe r imen ta l  series, we used 14 
animals  in jec ted  wi th  N G F  and  28 normal  ones. The 
resul ts  are shown  in Figure  and  in t he  Table.  The Fi-  
gure shows that t he  dose-effect  curve  for h y p e r s y m p a -  
t he t i zed  animals  is sh i f ted  to t he  r igh t  as compared  wi th  
the  control .  In  the  Table  m e d i u m  values  of the  doses are 
given which  cause a th resho ld  response,  the  response  
compr is ing  50% of t he  max imM and  the  max ima l  
response  for b o t h  cases. In  every  case the  differences are 
s ta t i s t ica l ly  significant .  The second series of expe r imen t s  
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"['he dose-effect curves for the intestine smooth muscle in normal 
(circles) animals and in animals with sympathetic hyperinnervation 
(triangles) before (white circles and triangles, continuous lines) and 
after (black cireies and triangles, broken lines) cocaine treatment. 
Ordinate, the response value in % of the maximum; Abscissae, 
noradrenalin concentration (~zg/ml, log. scale). 

pe r fo rmed  in 16 expe r imen ta l  and  25 control  animals  was 
s imilar  to t he  preced ing  one. The only d i f ferency was t h a t  
to  t he  Krebs  solution,  in to  which  the  p repa ra t ion  was 
put ,  cocaine was  added  at  a concen t r a t ion  of 1 x 10 -s. A 
special series of expe r imen t s  revealed t h a t  t he  t r e a t m e n t  
w i th  the  doses resul ted  in a max i ma l  effect.  A subsequen t  
concen t ra t ion  increase failed to  produce  an augmen-  
t a t ion  of sens i t iv i ty  to noradrenal in .  The results  of the  
expe r imen t s  are p resen ted  in the  Figure  and  in the  Table.  

Discussion. As is clear f rom the  ob ta ined  data ,  on cacai- 
ne t r e a t m e n t  the  curve for dose-effect  in normal  and 
h y p e r i n n e r v a t e d  animals  is sh i f ted  to the  left, i.e. the  
sens i t iv i ty  in b o t h  cases is augmented .  However ,  a f ter  
cacaine t r e a t m e n t  t he  curve for h y p e r i n n e r v a t e d  animals  
is s i tua ted  more  to  the  r igh t  t h a n  in the  case of normal  
animals.  The differences in the  sens i t iv i ty  of s mo o t h  
muscles  in normal  and  exper imen ta l  animals  af ter  cocaine 
t r e a t m e n t  have  also been revealed by  compar ing  the  
doses causing the  th resho ld  response,  t he  response  amo u n t -  
ing to 50% of the  max i ma l  and  the  max i ma l  response  
(Table). The da t a  ob ta ined  give grounds  to believe t h a t  
in a-state of h y p e r i n n e rv a t i o n  the  sens i t iv i ty  of t he  smoo th  
in tes t ine  muscle to  noradrena l in  is lower t h a n  in t h e  norm.  

Since differences  are also revealed upon  cocaine t r ea t -  
men t ,  when  the  s y m p a t h e t i c  t e rmina l s  lose t he  abi l i ty  to  
take  up ca techolamines  f rom the  env i ronment ,  there  is 
therefore  reason to  believe t h a t  a decrease insens i t iv i ty  is 
fore reason to  believe t h a t  a decrease in sens i t iv i ty  is 
associated no t  only wi th  an excess of s y m p a t h e t i c  te rmi-  
nals b u t  is d e p e n d e n t  on the  proper t ies  0f the  p o s t s y n a p t i c  
m e m b r a n e  at  hyper innerva t ion .  According to the  publ i shed  
da ta  there  are some indica t ions  t h a t  an increase in sen- 
s i t iv i ty  fol lowing cocaine t r e a t m e n t  is due no t  only to  the  
inac t iva t ion  of t he  effector  terminals ,  b u t  to  its capabi l i ty  
of increasing the  sens i t iv i ty  of the  pos t synap t i c  m e m b r a n e  
a~,l". However ,  even if cocaine reveals  such proper ty ,  th is  
canno t  affect  the  conclusions based upon  our expe r imen ta l  
mater ia l .  Indeed,  had  the  sens i t iv i ty  of t he  s mo o t h  
muscles  p roper  been  s imilar  in a s ta te  of hyper inne r -  
r a t i o n  and  in no rm we should no t  have  been able to 
t race any  differences arising af ter  the  act ion of cocaine. 
However ,  as has been  shown, such differences do exist .  

BblBO~2bI. FIpH Hccne~oBaHH~ r~a;~o~ MSlmUSi Kmue~- 
HHKa, rHnepHHHepB~p0Basnofi cH~maTnyecKHMH ~o~o~naMH, 
n0KaaaHo, qT0 qyBCTBHTeJIbH0CTb ee K n0panpe~aaHHy H ~ e ,  
qeM y H0pMa~bH0~. B0aee HH3Kag qyBCTBHTeJlbH0CTI~ Ha6~m- 
~aeTc~ n Ha O0He ;Ie~CTBHg Km4aHHa. Flpenn0~araeTc~, nTO 
npH H36NTKe CHMnaTHqecKHx 0KoHqaHH~ B TKattH qyBCTBH- 
TeYlbH0CTb rJ~allKOMbltUeqHb~X KJ~eTOK K MeAnaT0py n0HH)~eHa. 
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