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cell cu l tures  were  inocula ted  wi th  d i p h t h e r i a  t ox in  
dilutions.  Af te r  15 rain the  d iph the r i a  t ox in  was  e l imina ted  
using a syr inge  wi th  a h y p o d e r m i c  needle  and  s u b s t i t u t e d  
wi th  A T P  or se roa lbumin  di lut ions.  Some cul tures  were  
t r ea ted  wi th  d iph the r i a  tox in  a t  the  s ame  concen t r a t i ons  
b u t  w i t h o u t  a n y  t e s t  subs tance ,  or w i th  p la in  H a n k s '  
B S S  as a control .  

Results. The  effect  of t e s t  subs t ances  is s u m m a r i z e d  
in Table  I. K C N  p r e v e n t s  t h e  swelling a t  all concen t r a t i ons  
and  for all tox in  concen t ra t ions .  A m y t a l  a n d  sod ium azide 
are also ve ry  ac t ive  p r e v e n t i n g  agen t s  b u t  t h e y  are  in- 
effect ive for  h igher  tox in  concen t ra t ions .  R o t e n o n e  gives  
an  i n c o n s t a n t  ef fect  w i th  t he  lower t ox in  c o n c e n t r a t i o n  
b u t  i t  is compie t e ly  ineffec t ive  using tox in  concen t r a t i ons  
higher  t h a n  1.0 Lf /ml  (see Table  I). A T P  and  se roa lbumin  
p r o m o t e  ac t ive ly  t he  con t r ac t i on  of d iph the r i a  tox in  
swollen mi tochondr i a ,  b u t  w i th  h igher  tox in  concen t ra -  
t ions  t he  m i t o c h o n d r i a  do no r e tu rn  to  the i r  f i l amentous  
shape  and  only  a r educ t ion  in mi tochondr i a l  size can be 
observed  (Table II).  

Discussion. The  f indings  r epo r t ed  in th is  p a p e r  show 
t h a t  t he  mi tochondr i a l  swell ing induced  by  d iph the r i a  
tox in  is an e lec t ron  t r a n s p o r t - d e p e n d e n t  swell ing and  
t h a t  th is  swelling is reversible,  w i th in  cer ta in  l imits,  by  
A T P  and  seroa lbumin .  Anaerobios is  induced  by  KCN, 

Amyta l ,  sod ium azide and  b y  o the r  e lec t ron  t r a n s p o r t  
b locking agen t s  inhib i t s  t he  swelling induced  by  severa l  
subs tances  in isolated l iver m i tochondr i a  and  the  ac t ive  
e lec t ron  t r ans fe r  can  be cons idered  as a requis i te  for t h e  
swell ing 4. 

These  f indings  s u p p o r t  also t h e  a s sumpt ion  t h a t  t h e  
t ox in  induced  swell ing is an  ac t ive  p h e n o m e n o n .  This  
c o n c e p t  is s u p p o r t e d  also b y  the  ac t ion  of A T P  a n d  
se roa lbumin  which  are  re la ted  to  mi tochondr i a l  con t rac -  
t ion  and  p r o m o t e  the  reversa l  of swel l ing induced  b y  
severa l  subs t ances  in i sola ted  mi tochondr i a~ -L  I t  is in te r -  
es t ing  to  observe  t h a t  A T P  and  se roa lbumin  are  ac t ive  
on the  d i p h t h e r i a  t ox in  induced  swell ing for t o x i n  con- 
cen t r a t i ons  rang ing  b e t w e e n  0.5 Lf /ml  a n d  5.0 Lf /ml .  I t  
is conceivable  tha t ,  w i th  h igher  tox in  concen t ra t ions ,  an  
i r revers ible  d a m a g e  of the  mi tochondr i a l  m e m b r a n e s  
occurs 8. 

Riassunto. E s ta to  s t u d i a t o  l ' e f fe t to  di a lcune sos tanze  
sul r igonf iamento  mi tocondr ia l e  i n d o t t o  dal la  toss ina  
dif terica.  I1 KCN, l ' A m y t a l  e l ' az ide  sodica  p r e v e n g o n o  
il r igonf iamento .  A T P  e s i e roa lbumina  r ipr i s t inano,  en t ro  
cert i  l imiti,  la f o r m s  f i l amentosa  in mi tocondr i  r igonf ia t i  
dal la  toss ina  dif terica.  

F. PARADISI 

Table It. Reversal of swelling induced by ATP and seroalbumin in 
the mitoehondria of diphteria toxin-treated cells (chicken embryo 
heart cells cultured in vitro). - - ,  ineffective; + and +% partial 

reversal of swelling; +++, complete reversal of swelling 

Clinics delle Malattie In[ettive, Universitg~ di Napoli, 
Ospedale Ges¢~ e Maria, Napoli (Italy), 7 3th February 7 967. 

Diphtheria ATP Seroalbumin 
toxin 

10/~M 1 mM 10 mM 0.5 1.0 2.0 
mg/ml mg#nl mglml 

0.5 Lf/ml - -  +++ +++ - -  ++ +++ 
1.0 Lf/ml - -  +++ +++ - -  ++ +++ 
5.0 Lf/ml - -  ++ +++ - -  + ++ 
10 Lf/ml - -  - -  ++ - -  - -  + 
20 Lf/ml - -  - -  ++ - ~ + 
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Electronmicroscopic Localization of 5-hydroxy- 
dopamine (3,4, 5-trihydroxy -phenyl-ethylamine), 

a New 'False' Sympathetic Transmitter 

In  prev ious  s tud ies  we h a v e  shown  t h a t  p r e t r e a t m e n t  
of ca ts  w i th  5 - h y d r o x y d o p a  leads to  a ma rked  norepine-  
phr ine  dep le t ion  a n d  to  an  accumula t ion  of 5 -hydroxy-  
d o p a m i n e  (5-HDA) in s y m p a t h e t i c a l l y  i n n e r v a t e d  organs  L 
Concomi tan t ly ,  t he  con t rac t i l e  response  of the  n ic t i t a t ing  
m e m b r a n e  and  of t he  i sola ted  per fused  spleen to  s y m p a -  
the t ic  nerve  s t imula t ion  is g rea t ly  d iminished ,  and  5 -HDA 
is l ibera ted  as a t r a n s m i t t e r  in to  the  splenic  perfus ion 
fluid. 

I t  seemed to be of in te res t  w h e t h e r  t he  r e p l a c e m e n t  of 
the  physiological  t r a n s m i t t e r  no rep inephr ine  (NE) b y  5- 
H D A  and  i ts  possible  me tabo l i t e s  is accompan ied  by 

u l t r amorpho log ica l  changes .  P rec ip i t a t ion  of 5 -HDA wi th  
g Iu t a ra ldehyde  and  the  ins taneous  r educ t ion  of o smium 
t e t rox ide  in t h e  t e s t  t u b e  seemed  to  p rov ide  favourab le  
p re requis i t es  for  t h e  e lec t ronmicroscopic  local izat ion of 
th is  new s y m p a t h e t i c  t r a n s m i t t e r  subs tances .  

Cats  were g iven 4 × 20 mg/kg  5 - H D A  i.p. over  a per iod  
of 48 h. F o u r  h a f te r  t h e  las t  dose, smal l  pieces of iris, vas  
deferens,  h e a r t  and  sp leen  were  removed ,  f ixed in 3% 
g lu t a r a ldehyde  (buffered a t  p H  7.4 wi th  0.1 M p h o s p h a t e  
buffer) ,  over f ixed  in 2% o s mi u m t e t rox ide  and  e m b e d d e d  
in epon for e lec t ronmicroscopic  s tudies .  The  res idual  pa r t s  

1 H. TUOENEN, W. HAEF~LY, K. F. GEY and A. HOOLIGANS, Arch. 
exp. Path. Pharmak., in press. 
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of t h e  o rgans  were  h o m o g e n i z e d  a n d  t h e i r  n o r e p i n e p h r i n e  
c o n t e n t  was  d e t e r m i n e d  fo l lowing t h e  m e t h o d  o1 BERrLER 
e t  al.L I n  all o rgans  s t u d i ed  t h e  N E  c o n t e n t  was  r ed u ced  
to  less t h a n  10% of t h a t  of u n t r e a t e d  cont ro ls .  

U l t r a t h i n  sec t ions  of t h e  sp leen  capsule,  wh ich  c o n t a i n s  
on ly  ad rene rg ic  ne rves  s, showed  t h a t  all  t h e  vesicles  in  
t h e  a u t o n o m i c  ne rve  end ings  c o n t a i n e d  a large  q u a n t i t y  
of s t r o n g  osmiophi l ic  ma te r i a l .  I n  c o m p a r i s o n  to  non -  
t r e a t e d  controls ,  t h e  vesicles  s eemed  to  b e  s t r o n g l y  over-  
loaded  a n d  on  t h e  a v e r a g e  t h e y  were s o m e w h a t  larger .  
T h e  dense  m a t e r i a l  filled t h e  vesicles  c o m p l e t e l y  a n d  o n l y  
a t  h ighe r  m a g n i f i c a t i o n  was  i t  poss ible  to  d i s t i n g u i s h  w i t h  
c e r t a i n t y  t h e  l im i t i ng  m e m b r a n e .  I n  add i t ion ,  sma l l  cy to -  
p l a smic  s t r u c t u r e s  o r i g i n a t i n g  p r o b a b l y  f r o m  t h e  endo-  
p l a smic  r e t i c u l u m  c o n t a i n e d  some  dense  ma te r i a l .  T h e  
o t h e r  u l t r a s t r u c t u r e s  of t h e  nerves ,  e.g. m i t o c h o n d r i a ,  
mic ro tubu le s ,  g lycogen  pa r t i c l e s  a n d  t h e  n e r v e  l imi t ing  
m e m b r a n e ,  showed  no  d e t e c t a b l e  morpho log i ca l  a l t e ra -  
t ions .  F u r t h e r m o r e  t h e  s m o o t h  musc le  cells, t h e  basa l  

a A. BERTLER, A. CARLSSON and E. ROSENOREN, Acta physiol. 
scand, dZ, 273 (1958). 

s H. THOENEN, J. P. TRANZE~, A. H~RLIMANN und W. HAEFELY, 
Helv. physiol, pharmac. Acta 2d, 229 (1965). 

Fig. 1. Cat spleen capsule after treatment with 5-HDA. Autonomic 
nerve terminal containing vesicles and small cytoplasmic reticulum 
structures (->} filled with highly osmiophilie material. M mito- 

ehondria, x 50,000. 

]Fig. 2. Cat iris after treatmelat with 5-HDA, All vesicles of the adrenergic nerve sections (A) contain strongly osmiophilic material, 
whereas the vesicles of the cholinergic nerve sections (B) remain entirely empty. M, mitochondria; m~ microtubuli; P, pigment. 

x 50,000. 
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membranes and the collagen fibres seemed normal and 
showed no increase in contrast. 

I n  the iris and vas deferens where adrenergic and 
cholinergic fibres are often found in the same Schwann 
cell, some of the nerve terminals had the same appearance 
as in the spleen. Other terminals, probably cholinergic, 
contained exclusively empty vesicles (Figures 1-3). 

The additional following findings support the assump- 
tion that  the dense osmiophilic material accumulating in 
the vesicles of the adrenergic nerve terminals represents 
stored 5-HDA. 

(a) A single i.v. injection of 10 mg]kg 5-HDA led to 
similar ultramorphological changes as early as 10 rain 
after the injection. 

(b) Incubat ion of thin slices of iris or spleen from non- 
treated cats in Krebs-Henseleit solutio n containing 1 
mg/ml 5-HDA for 5-30 min gave analogous results. 

(c) Treatment  with 5-OH-Dop~ (3 × 200 mg/kg i.p.) 
instead of 5-HDA caused similar ultramorphologic changes 
in adrenergic nerves of iris and spleen whereas the nore- 
pinephrine content of the corresponding organs was 
strongly reduced 1. 

(d) In  cats pretreated with ~-methylmetatyrosine (e- 
MMT) 200 mg/kg, 20 and 4 h before the experiment, the 
autonomous nerve endings contained only empty vesicles 
in all organs studied. The NE-content  was reduced to less 
than 5% of that  of untreated controls. Incubat ion of iris 
and spleen slices of these animals in solutions containing 
5-HDA led to findings similar to those in experiment (b) 
i.e. the adrenergic nerve endings cbntained strongly 
osmiophilic vesicles whereas the cholinergic ones all re- 
mained empty. 

(e) A further similar experiment was performed after 
pretreatment  with reserpine (2 mg/kg i.p. 20 h before 

experiment). In  contrast  to the pretreatment  with m-MMT 
not only the cholinergic but  also the adrenergic nerve 
endings remained empty after incubation in 5-HDA. 

From these findings we conclude that  the dense osmio- 
philic material filling the vesicles of the adrenergic nerve 
terminals represents 5-HDA and its possible/~-hydroxy- 
lated and/or O-methytated metabolites (unpublished 
results) which have displaced t h e  physiological trans- 
mitter  norepinephrine. 

The results of the 2 experiments with ~-MMT and 
reserpine agree well with those performed with NE in 
place of 5-HDA 4. 5-HDA like exogenous NE can be taken 
up and stored in the vesicles following replacement of 
their endogenous NE by  metaraminol after pretreatment  
with e-MMT, but  not after pretreatment  with reserpine. 
The latter drug seems to block the up±ake of this false 
t ransmit ter  into the storage granules as in the case of the 
physiological t ransmit ter  NE. 

These drastic ultramorphological changes observed after 
pretreatment  of cats with 5-HDA seem not  to be irrevers- 
ible,, since 2 .weeks after the last injection the ultramor- 
phological aspect once more closely resembles tha t  of 
normM tissues. Only a few abnormally filled vesicles can 
be seen at  this time. 

Previous experiments have provided strong evidence 
tha t  empty and dense core vesicles in adrenergic nerve 
terminals represent a potentially uniform population of 
cell organelles differing only in their degree of amine 
fillingL The  present experiments give additional strong 
support t o  this assumption, since after pretreatment  with 
5-HDA we were unable to detect any empty vesicles in 
adrenergic nerve terminals, whereas the vesicles of chol- 
inergic nerves remained empty. 

In  conclusion the present investigation has shown tha t  
pretreatment  of cats with 5-HDA, an amine acting as a 
'false' sympathetic transmitter,  leads to the accumulation 
of a highly osmiophilic substance in the vesicles of sym- 
pathetic nerve terminals, whereas their norepinephrine 
Content is severely reduced. Strong evidence is offered 
that  this dense material represents mainly 5-HDA. The 
vesicles of cholinergic nerve endings remain empty. 

Rdsumd, Le trai tement de chats par la 5-hydroxy- 
dopamine (5-HDA), une amine agissant comme , faux ,  
t ransmetteur  sympathique, conduit A l 'accumulation d 'un  
matdriel tr~s osmiophile dans les vdsicules des terminal- 
sons sympathiques. I1 a pu etre d6montrd clue ce matdriel 
osmiophile repr6sente principalement la 5-HDA. En 
m~me temps la t e n e u r d e  la noradr~naline est fortement 
diminude. Les v6sicules des terminaisons nerveuses choli- 
nergiques restent rides. 

J. P. TRANZER and H. THOENEN 

Department o/experimental medicine, HoJlmann-La 
Roche ~ Co. Ltd, Basel (Switzerland), 
22rid June 1967. 

Fig. 3. Portion of an adrenergie nerve section at higher magnification. 
The limiting membranes of the vesicles are visible (-+). The dense 
oSmiophilic material fills the vesicles virtually completely. M, mito- 

ehondria. × 150,000. 
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