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steigt,  dass vorhe r  n ich t  nachweisbare  Zellen ft trbbar 
werden  e. Dieses Verha l ten  ist  eher  erstaunlich,  16st doch 
das  Hype r t ens in  im Nebenn ie renmark  eine Ste igerung 
der  Sekre t ion  der  Ka techo lamine  aus 7,s wie Reserp in  9, 
das  im D a r m  abe t  eine Verminde rung  des Serotoninge-  
ha l tes  1°,11 und  der  Argentaf f in i t~ t  und d a m i t  eine Reduk-  
t ion  der  Zahl  fgrbbarer  argentaf f iner  Zellen bewirk t  1.. 
Die  Ergebnisse  dieser Un te r suchung  sind fiir die mensch-  
liche Pa thologie  yon  einer gewissen Bedeutung ,  da  bei  
verschiedenen Nie renkrankhe i t en  eine Vermehrung  der  
a rgentaf f inen  Zellen des Verdauungs t r ak te s  nachgewiesen 
werden  konnteaS, ~*. 

Summary .  The  d u o d e n u m  of guinea-pigs  were dissected 
i m m e d i a t e l y  a f te r  dea th  and  incuba ted  for 10 min  a t  
37 °C in a solut ion of Krebs -Ringe r -Bica rbona te  buffer,  
in which Hyper t ens in  (CIBA) was added.  The  resul t  was 
t h a t  t he  argentaf f ine  cells were  more  numerous  af ter  the  
incuba t ion  period, as compared  wi th  the  controls.  The  2 

controls  were pieces placed into  the  solut ions of Fo rma l in  
and b lank  Krebs -Ringe r -Bica rbona te  buffer.  
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An Electron Microscopic Study of Selective, Acute Degeneration of Sympathetic Nerve Terminals 
after Administration of 6-Hydroxydopamine 

2, 4, 5 -Tr ihyd roxypheny le thy l amine  or  6 -hydroxydopa-  
mine  (6-HO-DA) has  been repor ted  to  p rovoke  efficient  
and ex t r eme ly  long-las t ing noradrenal ine  (NA) deple t ion  
in var ious  sympa the t i ca l ly  inne rva ted  organs of di f ferent  
species x-3. The  mechan i sm of this  deplet ion,  however ,  is 
no t  clear. I r revers ib le  damage  of N A  s torage sites I,~ as 
well  as s to ich iometr ica l  r ep lacement  of N A  by  6-HO-DA,  
and /o r  i ts  metabo l i t es  a h a v e  been  pos tu la ted .  

The  successful e lectron microscopic local izat ion of 5- 
h y d r o x y d o p a m i n e  (5-HO-DA) 4 which  acts  as  a false 
sympa the t i c  t r ansmi t t e r  b encouraged  the  s tudy  of possible 
u l t ramorpholog ica l  changes induced by  its i somer  
6 -HO-DA.  

Cats  were g iven 4 inject ions  of 20 mg /kg  6 -HO-DA i.p~ 
over  a per iod of 48 h a t  12 h intervals .  Three  days, 15 
days,  3 and 4 mon ths  af ter  the  first  in jec t ion  small  pieces 
of  iris, vas  deferens, spleen capsule  and r ight  hear t  auricle 
were  removed ,  f ixed in g lu ta ra ldehyde ,  post- f ixed in 
osmium te t rox ide  and embedded  for e lectron microscopy.  
T h e  residual  par t s  of t he  organs  were  homogenized  and  
the i r  N A  con t en t  was de te rmined  according to  t he  m e t h o d  
descr ibed by  BERTLER et  al. e. 

The  animals  to le ra ted  the  serial in ject ions  and after-  
effects w i thou t  serious complicat ions .  Af te r  the  first 
in jec t ion  of 6 -HO-DA t h e y  showed signs of more  or  less 
in tens ive  per iphera l  s y m p a t h o m i m e t i c  s t imula t ion  such 
as pupi l la ry  d i la ta t ion  and  hair  erect ion on the  back  and  
tail .  

I n  an imals  sacrif iced 3 days  af ter  t he  f irs t  in jec t ion  of 
6 -HO-DA the  N A  con ten t  of all  organs  s tud ied  was  de- 
creased to  less t h a n  10% of t h a t  of controls.  A t  this t ime  
u l t r a th in  sections of the  spleen capsule, a t issue which 
conta ins  only  adrenergic  nerves  ~, revea led  t h a t  v i r tua l ly  
all  au tonomic  nerve  endings were in var ious  stages of 
degenera t ion  whereas  the  surrounding Schwann  cells and 
smoo th  muscle cells appeared  in tac t  (Figure 1). Some of 
t he  ne rve  te rmina ls  occasional ly  conta ined  still  recogniz- 
able  u l t ras t ruc tu ra l  componen t s  such as dense core vesicles 
and  mi tochondr ia .  I n  o thers  t he  a l te ra t ions  had  a l ready  
a t t a ined  such a degree t h a t  i t  was possible to  recognize 
t h e m  only  by  the i r  typ ica l  topographica l  local izat ion be- 
tween  smooth  muscle  cells and /or  the  surrounding 
Schwann  cells. 

t n  the  iris and vas  deferens where  adrenergic  and 
cholinergic nerves  of ten  lie side by  side v,s, the  changes 
were even more impress ive  since only  the  adrenergic  
te rminals  were degenera ted ,  whereas  the  cholinergic ones, 
i.e. t e rminals  wi th  e m p t y  vesicles, appeared  comple te ly  
normal  (Figures 2 and 3). Two weeks a f te r  the  t r e a t m e n t  
the  images  of degenera ted  nerves  had  all  d isappeared.  
The  t issue sect ions resembled  the  normal  ones wi th  the  
except ion  t h a t  v i r tua l ly  no adrenergic  ne rve  terminals ,  
i.e. t e rmina ls  conta in ing  dense core vesicles, were present .  

Thus  i t  can  be concluded t h a t  the  noradrena l ine  deple-  
t ion by  6 -HO-DA results  f rom an acute  degenera t ion  of 
the  adrenergic  nerve  terminals .  I t  is notable  tha t  all 
o ther  s t ruc tures  including the  cholinergic ne rve  te rminals  
r emained  in tac t .  I t  seems mos t  plausible  t h a t  6 -HO-DA 
is t aken  up select ively  by  the  sympa the t i c  nerves  in a 
m a n n e r  s imilar  to  NA, the  physiological  t ransmi t te r .  I t  
remains  to  be  e luc ida ted  if 6 -HO-DA is also s tored in the  
vesicles. Once  concen t ra t ed  in t he  nerve  te rmina ls  
6 -HO-DA and /o r  i ts  metabol i tes ,  which migh t  possibly 
be  formed,  p rovoke  the i r  degenera t ion  by  a mechan i sm 
which remains  obscure.  6 -HO-DA is a s t rong reducing  
agen t  and in neut ra l  aqueous  solution it  undergoes  rap id  
oxidat ion.  This  p rope r ty  migh t  par t ia l ly  be responsible  
for the  degenerat ions  observed in the  nerve  terminals .  

The  select ive degenera t ion  of the  adrenergic  nerves  
occurs only  in the  dis tal  pa r t  of  the  neuron,  and  no t  in 
the  per ikaryon.  Indeed,  3-4  mon ths  a f te r  t r e a t m e n t  ne rve  
te rminals  w i th  dense core vesicles had  regenera ted  in all  
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Fig. 1. Spleen capsule from a cat treated with 6-HO-DA. Autonomic 
nerve terminals (N) in various stages of degeneration. M: smooth 
muscle, x 35,000. 

Fig. 3. Biopsy of the vas deferens taken from a cat 3 days after the 
first injection of 6-HO-DA. Degenerated adrenergic nerve terminals 
(A) lie close to a well preserved cholinergie nerve (C). S = Sehwann 
cell. x 50,000. 

Fig. 2. Iris from the same animal as shown in Figure 1. A well 
preserved cholinergic nerve terminal (C) lies close to a degenerated 
adrenergie nerve terminal (A). x 50,000. 

the  organs  s tudied,  i.e. iris, vas  deferens,  r igh t  h e a r t  
auricle and  spleen capsule.  Concomi tan t ly ,  the  NA c o n t e n t  
d e t e r m i n e d  in these  organs  had  r isen and  app roached  again 
the  values  ob ta ined  f rom cont ro l  animals .  I t  was verif ied 
t h a t  degenera t ion  had  also occur red  in the  adrenerg ic  
ne rve  t e rmina l s  of those  an imals  sacrif iced 3-4 m o n t h s  
a f te r  t he  initial inject ion,  by  t ak ing  a b iopsy  of one  of t he  
vas  deferens  under  asept ic  condi t ions  3 days  a f t e r  t he  f i rs t  
in jec t ion  of 6 -HO-DA a n d  examin ing  i t  w i th  t h e  e lec t ron  
microscope  (Figure 3). 

I n  conclusion,  6 -HO-DA acts  in a comple te ly  d i f fe rent  
way  f rom its i somer  5 -HO-DA 4, p roduc ing  a select ive b u t  
revers ible  degenera t ion  of adrenergic  nerve  te rmina ls ,  and  
thus  r ep resen t s  a new tool for chemical  s y m p a t h e c t o m y .  

Rdsumd. Le t r a i t e m e n t  de cha t s  par  la 6 - h y d r o x y d o p a -  
mine  (6-HO-DA) p ro v o q u e  une  d6g~n6rescence s61ective 
e t  r6versible des t e rmina i sons  nerveuses  adr6nerg iques  
pos tgangl ionai res .  Les t e rmina i sons  nerveuses  chol iner-  
giques ne son t  pas  affect6es pa r  ce t r a i t e m e n t .  
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