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Zusammen/assung .  Die Wi rkung  von  P h e n y l e p h r i n  und  
Orciprenal in  auf die Fre i se tzung  yon  Noradrena l in  wurde  
an isolierten, pe r fund ie r t en  Kan inchenhe rzen  mi t  ~*C- 
mark ie r t en  Noradrenalin-VorrS~ten un te rsuch t .  Beide 
Stoffe ve rminde r t en  d i eAbgabe  yon  14C-Noradrenalin bet  
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Sympath icusre izung .  Diese H e m m w i r k u n g  wirde durch  
Vorinfusion yon  P h e n o x y b e n z a m i n ,  n ich t  abe t  durch 
Vor infus ion yon  Propranolo l  verh inder t .  
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On the  O r i g i n  of S m a l l  A d r e n e r g i c  S t o r a g e  Ves ic les :  Ev idence  for Local  F o r m a t i o n  in N e r v e  E n d i n g s  
after Chronic  R e s e r p i n e  T r e a t m e n t  

The axonal  en la rgements  (varicosities, nerve  endings) 
of per iphera l  au tonomic  nerves  conta in  large amoun t s  of 
vesicles supposed  to represen t  the  in t raneurona l  s torage 
sites for the  t r a n s m i t t e r  subs tance  ~. In  th is  pape r  some 
pre l iminary  f indings are presented ,  demons t r a t i ng  t h a t  
chronic t r e a t m e n t  w i th  reserpine,  a drug  known  to  
deple te  m o n o a m i n e  stores in t he  per iphera l  and  cent ra l  
nervous  sys t em ~, causes ce r ta in  fine s t ruc tu ra l  changes  in 
per iphera l  adrenergic  nerve  endings  in the  d i la tor  muscle 
of the  ra t  iris. These changes  are discussed in re la t ion to  
the  fo rma t ion  of s torage vesicles. 

Mater ia l  and methods. Ten male albino ra ts  (Sprague- 
Dawley,  b. wt.  200 g) were used, 8 of which  received 1 
dai ly dose  of reserpine (Serpasil  | I mg/kg  i.p.) for 6 days.  
4 ra ts  were sacrificed 24 h and 4 ra t s  72 h af ter  t he  last  
injection.  2 un t r ea t ed  ra ts  served as controls.  The irides 
were f ixed in ice cold 3% po ta s s ium p e r m a n g a n a t e  
(t(3/[nO4) ~ and  processed for e lectron microscopy as 
previous ly  descr ibed 4. 

Results  and discussion. Two types  of axons  were seen in 
un t r ea t ed  rats ,  adrenergic  and p re sumab ly  chotinergic,  
charac te r ized  respec t ive ly  by  the i r  con ten t  of granular  
(vesicles w i th  an electron dense core) (DCV) and  agranular  
vesicles (Figure 1) w i th  a spherical  or s l ight ly  f l a t t ened  
shape and a d iamete r  main ly  of abou t  500 A. In  addi t ion,  
b o t h  types  of varicosi t ies  conta in  mi tochondr i a  and a few 
tubu la r  or irreguIar m e m b r a n e  s t ruc tures  p robab l y  
belonging to  the  axonic  smoo th  endoplasmic  re t icu lum 
(ASER) (Figure 1). 

B o t h  24 and  72 h af ter  the  last  in ject ion of reserpine,  
several  var icosi t ies  are seen conta in ing  m a n y  'e longated  
vesicles 'a, t ubu la r  and /or  s l ight ly  hour-glass  formed 
m e m b r a n e  s t ruc tures  ( thickness abou t  150-300 A) 
(Figures 2 and  3) f rom which  vesicles occasionally seem 
to bud  off. Somet imes  an electron dense prec ip i ta te  is 
found wi th in  these  s t ruc tures  (Figure 3). Such vari-  
cosities conta in  in add i t ion  ' normal '  spherical  vesicles, 
some of which  m a y  have  an electron dense core (Figure 2). 
Other  varicosi t ies  have  a lmos t  exclusively spherical  
vesicles m a n y  of which  m a y  conta in  an electron dense 
core, especial ly 72 h af ter  the  last  reserpine injection.  The 
presence of DCV s t rongly  suggests  t h a t  these  nerve  
endings  belong to  adrenergic  neurons  (for reI. see6). In  
varicosi t ies  w i th  m a n y  tubu la r  s t ruc tures  and ' e longated  
vesicles '  t he  p ropor t ion  of spherical  DCV is low. Since the  
n u m b e r  and  p ropor t ion  of DCV probab ly  paral lel  t he  
recovery  of NA levels af ter  the  reserpine  t r e a t m e n t ,  i t  m a y  
be assumed t h a t  such nerve  endings  are in an early phase  
of recovery.  Fu r the r  varicosi t ies  conta in  vesicles only of 
the  agranular  t y p e  and  are indis t inguishable  f rom those  
p resen t  in un t r ea t ed  ra ts  and  p resumed  to belong to  
cholinergic neurons.  No obvious  increase in the  n u m b e r  of 
t ubu la r  s t ruc tures  and  ' e longated  vesicles '  was found  

in this  t y p e  of var icosi ty ,  ind ica t ing  t h a t  reserpine causes 
such changes  only in adrenergic  neurons.  

Al though  several  exp lana t ions  m a y  be advanced  we 
would like to  discuss, hypothe t ica l ly ,  the  p resen t  resul ts  
in re la t ion to  the  fo rmat ion  of s torage vesicles. Almos t  all 
componen t s  of the  neuron have  been p roposed  as the  
origin of the  synap t ic  vesicles:  Mi tochondr ia  ~, micro- 
tubules  s, nerve  cell m e m b r a n e  and  complex  vesicles 9-Is, 
large granular  vesicles 1~, the  Golgi appa ra tus  15 and f inal ly 
the  A S E R  ~5-~9. For  an extens ive  discussion and fu r ther  
ref. see 1% 

Fla t  vesicles have  previously  been descr ibed ' in  normal  e0 
and reserpine t r ea t ed  2i animals.  In  t he  p resen t  s tudy  an 
increase in t he  n u m b e r  of ' e longated  vesicles '  and tubu la r  
s t ruc tures  p robab ly  belonging to  the  A S E R  was observed 
specifically in adrenergic  nerve  t e rmina l s  24 and 72 h af ter  
chronic t r e a t m e n t  wi th  reserpine,  a drug which  is known 
to cause a long-last ing deple t ion  of amine  levels. Since th is  
deple t ion  p robab ly  is due to an irreversible des t ruc t ion  
of t he  Mg++-ATP d e p e n d e n t  s torage mechanism,  the  
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r e c o v e r y  of a m i n e  levels  s h o u l d  d e p e n d  on  t h e  f o r m a t i o n  
of n e w  s t o r a g e  s i tes  conf ined  to  n e w  s t o r a g e  vesicles  22. I n  
fact ,  DAHLSTR~M a n d  HAGGENDAHL ~3 h a v e  p r e s e n t e d  
ev idence  for  a n  inc reased  f o r m a t i o n  of s t o r a g e  vesicles  
a f t e r  r e s e r p i n e  t r e a t m e n t .  Also t h e  r e su l t s  of THOXNE~ 
et  al. 24 a n d  MOLINOFF et  al. 2~, d e m o n s t r a t i n g  m a r k e d  
increases  in t y r o s i n e  h y d r o x y l a s e  a n d  dopamine- f i -  
h y d r o x y l a s e  a c t i v i t y  r e s p e c t i v e l y  a f t e r  r e se rp ine  t r e a t -  

meri t ,  m a y  be i n t e r p r e t e d  as  a s ign  of a c o m p e n s a t o r y  
inc rease  in s y n t h e s i s  p roces se s  a f t e r  d e p l e t i o n  of  a m i n e s  
caused  b y  t h i s  d rug .  T h u s ,  i t  m a y  be  a s s u m e d  t h a t  t h e  
increase  in t u b u l a r  s t r u c t u r e s  f o u n d  in t h i s  s t u d y  occurs  
d u r i n g  a pe r i od  of i nc reased  f o r m a t i o n  of s t o r a g e  vesicles.  
Since t he se  t u b u l e s  occas iona l ly  c o n t a i n  a n  e lec t ron  dense  
ma te r i a l ,  w h i c h  m a y  ref lec t  t h e  p r e sence  of a n  a m i n e  a t  t h e  
m o m e n t  of f i x a t i o n L  a n d  s ince vesicles  s e e m i n g l y  b u d  

Figures 1-3. Axonal enlargments close to the diIator muscle of the rat iris. 1. Untreated rat. Both adrenergic (A) and probable ehol{nergic (C) 
nerve endings contain many vesicles mainly with a diameter of 500 A and mostly with a round or slightly flattened shape. Almost all 
vesicles in A contain an electron dense core. Note tubular structures (arrows) in some varicosities. • 61,000. 2. Rat chronically treated 
with reserpine, sacrificed 24 h after the last injection. Several tubules or 'elongated vesicles' (arrows) are seen in one axoi1 (A). Note that 
some of the round vesicles contain an electron dense core characteristic of adrenergie nerve endings. The other varicosities (C) contain 
mainly round vesicles without an electron dense core. • 58,000. 3. Same treatment as in Figure 2. In one axon (A) tubular structures 
containing a weak electron dense precipitate is seen (arrows). Only round vesicles are seeI1 in the second axon (C). • 150,000. 
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off f rom the  tubules,  i t  is t emping  to relate  the  tubules  to 
amine storage, maybe  as precursors of storage vesicles. 
Our findings would  thus  favour  the  possibi l i ty  of a local 
format ion  of s torage vesicles f rom the  A S E R  as suggested 
in previous  studies ~-1~, 26. In  o ther  studies format ion  of 
storage vesicles f rom microtubules  has been described s. 
However ,  since microtubules  are no t  visual ized in KMnO4 
fixed tissue 27 and since the  tubules  and ' e longated '  
vesicles in the  present  s tudy  clearly have  a typ ica l  tr iple-  
layered membrane  structure,  considerable t ransforma-  
t ionaI changes would have  to occur dur ing such a process. 

I t  should be emphasized t h a t  the  present  da ta  do no t  
exclude the  format ion  of storage vesicles in the  ceil body. 
I t  has been clearly shown tha t  bo th  small  and large DCV 
are present  in the  cell bodies of peripheral  4 and centra l  
(to be published) N A  neurons as well as in the  axons ~. 
Thus, vesicles produced in the  cell body and t ranspor ted  
down wi th  the  axoplasmic  flow in all probabi l i ty  contr ibute  
to the  vesicular  popula t ion  in the  varicosi t ies "s. I t  is a t  
present  impossible to eva lua te  the  re la t ive  impor tance  of 
these two possible sources of vesicles, i.e. such produced 
in the  cell body and those local ly in the  nerve  endings 
from A S E R .  Fur thermore ,  o ther  sites oi origin m a y  also 
exist  as discussed above  2~. 

Zusammen/assung. Die adrenergen Nervenendigungen  
der yon Ra t ten ,  die wghrend 6 Tagen Reserpin Ir is  er- 
ha l ten  haben, en tha l ten  eine h6here Anzahl  yon l~nglichen 

synapt ischen Vesikeln und Tubul i  als diejenigen unbe- 
handel te r  Kontrol l t iere .  Die M6glichkeit ,  dass die adren- 
ergen BI~schen un te r  gewissen Umst~nden  in den Nerven-  
endigungen gebildet  werden  k6nnten,  wird  diskut ier t .  
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Elec tron  and F l u o r e s c e n c e  M i c r o s c o p y  of the  H a m s t e r  A t r i u m  After A d m i n i s t r a t i o n  of 6 - H y d r o x y -  
d o p a m i n e  

6-Hydroxydopamine  (6-OH-DA) can induce select ive 
degenera t ive  lesions in t e rmina l  adrenergic nerves, as 
demons t ra ted  by  electron microscopy 1, by  the  rapid  
disappearance of monoamine  fluorescence in these nerves, 
and by  a pronounced decrease in the  norepinephr ine  
conten t  of var ious  tissues ~. The  ca techolamine  conten t  
of the  adrenal  medulla,  af ter  adminis t ra t ion  of 6-OH-DA, 
remains normal  bu t  a marked  increase in the  ac t iv i ty  of 
tyrosine hydroxylase ,  dopamine-B-oxidase  and phenyl-  
e thano lamine -N-methy l  t ransferase suggests enhanced 
secretion of adrenal  catecholamines  ~. The  present  work  
was under taken  to observe the  behavior  of the  a t r ia l  spe- 
cific granules* in the  hamste r  hear t  af ter  chemical  
s y m p a t h e c t o m y  wi th  6-OH-DA. 

Materials and methods. F o r t y  male  M H A / S s L A K  ham- 
sters (Lakeview Hamste r 'Co lony ,  Newfield,  New Jersey,  
u SA) were used for two experiments .  Each  exper iment  con- 
sisted of 20 an ima l s ,ha l f  of which served as controls.  The  
hamsters  were kept  in an air condi t ioned room and were 
main ta ined  o n  Pur ina  Labora to ry  Chow and tap  wate r  
ad l ibi tum. 6 -Hydroxydopamine  hydrobromide(6-OH-DA) 
(Regis Chemical  Co., Chicago, USA) was dissolved in cold 
(0 ~ demineral ized wate r  conta ining 1% NaC1 to which 
had been added 1% ascorbic acid (Fisher Scientif ic  Co., 
Montreal ,  Canada) to decrease oxidat ion,  and in jec ted  
slowly (-1 min) into the  jugular  ve in  under  l ight  e ther  
anesthesia  in a vo lume  of 0.5 ml. I n  the  first  exper iment ,  
hamsters  aver ing  60 g (range: 50-70 g) received 10 mg 
of 6 -OH-DA on the  first  day  and were sacrificed 24 h la ter  
toge ther  w i th  the  controls.  I n  the  second exper iment ,  the  
hamsters  averaged 135 g (range: 120-145 g) and were 
given 6 -OH-DA at  the  dose of 10rag per  100 g body weight  
on the  1st, 6th, 12th and 18th day.  E x p e r i m e n t a l  and 
control  animals  were ki l led toge ther  24 h after  the  Iast 
in ject ion.  

For  electron microscopy, 8 animals  f rom each group 
were anesthet ized wi th  ether  and the  chest  opened by  an 
anter ior  midl ine  incision. The  r ight  a t r ium was perfused 
wi th  2% cold g lu tara ldehyde  buffered wi th  cacodylate  
H C L  (0 .1M at  p H  7.1) using a needle inserted into the  
r ight  vent r ic le  5. Dur ing  perfusion, the  same f ixa t ive  was 
dr ipped onto the  surface of the  r ight  a t r ium.  After  perfu- 
sion, th in  f ragments  of the  anter ior  por t ion  of the  r ight  
a t r ium were placed in the  f ixa t ive  for i h, t hen  washed for 
3 periods of 15 min each in cacodyla te  to  which 2% 
sucrose had been added. Subsequent ly ,  t i le specimens 
were left  in the  cacodyla te  solution for 12 h, post-f ixed in 
osmium te t rox ide  buffered wi th  veronal  aceta te  for 1 h, 
and embedded  in Araldite.  Thick  sections were stained 
wi th  toluidine blue for or ienta t ion and th in  sect ions  were 
moun ted  Oil grids coated wi th  fo rmvar  and carbon, 
s tained wi th  n rany l  aceta te  and lead citrate,  and exam-  
ined wi th  a Phil ips 200 electron microscope. 

Monoamine  fluorescence was assessed on two controls 
and two 6-OH-DA-t rea ted  animals  at  the  end of each 
exper iment .  Af ter  sacrifice, the  r ight  a t r ium was im- 
media te ly  removed,  rapid ly  quenched in l iquid nitrogen- 
cooled isopentane and freeze-dried for 3 days. The tissues 
were exposed to para formaldehyde  vapors  of op t imal  
humid i ty  for 1 h at  80 ~ followed by  v a c u u m  inf i l t ra t ion 
in paraff in  for 15 min  and sectioning a t  8 Exm. The fluo- 
rescence microscope was equipped wi th  an Osram 
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