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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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Fig. 1. Atrial cardiocytes of hamster chronically treated with 
6-hydroxydopalnine. Nucleus (N), myofilaments (M) and mito- 
ehondria (m) appear normal. Specific grannles (g) can be seen in the 
juxtanuclear area and between the myofilaments. • 5200. 

Fig. 2. Atrial cardioeyte of hamster chronically treated with 6-hy- 
droxydopamine. The Golgi complex (G), the myofilaments (M), the 
Initoehondria (m) and the 3 types of specific granules [A-granules 
(gl), D-granules (gz) and B-granules (g3)] have a normal morphology. 
x 17,300. 

H B O - 2 0 0  h igh  pressure  m e r c u r y  v a p o r  l a m p  and  a d a r k  
field condensor .  A S h o r t  BG-12 exc i t ing  f i l ter  was  used 
ill c o m b i n a t i o n  w i t h  a S h o r t  OG-1 ba r r i e r  f i l te r  5, 6. 

Results. E l e c t r o n  microscopy.  No difference in t he  f ine 
s t r u c t u r e  of a t r i a l  ca rd iocy tes  could  be  de t ec t ed  be tween  
con t ro l  a n d  6 -OH-DA t r e a t e d  a n i m a l s  in  e i t he r  exper i -  
men t .  The  n u m b e r ,  size a n d  d i s t r i b u t i o n  of t he  3 t ypes  of 
specific g ranules  (dense A-granu les  a n d  pale  B-granu les  
loca ted  in  t he  p a r a n u c l e a r  zone;  smal l ,  dense  D-granu les  
loca ted  a long  t h e  sarcomeres)  were s imi la r  in  all  groups.  
The re  was  no  increase  or change  in m o r p h o l o g y  of 
res idua l  bodies  or C-granules  (Figures 1 a n d  2). 

F luorescence  microscopy.  The  a t r i a  of con t ro l  hams te r s ,  
in  b o t h  expe r imen t s ,  cha rac t e r i s t i ca l ly  showed  n u m e r o u s  
no rad rene rg i c  ne rve  fibers,  as j udged  b y  t h e i r  b r i g h t  green  
f luorescence (Figure  3). Th i s  f luorescence was  no t  p r e s en t  
a f t e r  acu t e  or chronic  t r e a t m e n t  w i t h  6 -OH-DA (Figure 4). 

Discussion. Our  resu l t s  i nd i ca t e  t h a t  in  hams te r s ,  as in  
o t h e r  species2, 6 -OH-DA produces  a chemica l  s y m p a -  
t h e c t o m y  in  t he  a t r i um,  as d e m o n s t r a t e d  b y  t he  loss of 
f luorescence of adrenerg ic  n e r v e  fibers.  S ince  t he  doses of 
6 -OH -DA in our  e x p e r i m e n t s  were t h e  m a x i m u m  to l e r a t ed  
b y  h a m s t e r s  of t h e  we igh t s  used, i t  is p r o b a b l e  t h a t  
a d m i n i s t r a t i o n  of 6 -OH-DA a t  6-day i n t e rva l s  m a i n t a i n e d  
t h e  a n i m a l s  in  a p e r m a n e n t  s t a t e  of more  or less comple te  

s y m p a t h e c t o m y ,  b y  p r e v e n t i n g  r egene ra t i on  of adrenerg ic  
ne rve  t e r m i n a l s  7. As in t h e  ca t  a f t e r  b i l a t e r a l  surgical  
s y m p a t h e c t o m y  s, chemica l  s y m p a t h e c t o m y  in t h e  h a m s -  
t e r  is n o t  fol lowed b y  a n y  change  in  t h e  specific g ranules  
of t h e  a t r i a l  cardiocytes .  Since surgical  a n d  p a r t i cu l a r l y  
chemica l  s y m p a t h e c t o m y  w i t h  6 -OH-DA induce  a 
p r o n o u n c e d  decrease  (up to 95%) of n o r e p i n e p h r i n e  in t h e  
a t r i u m  ~, i t  is d o u b t f u l  w h e t h e r  t h e  specif ic  g ranules  
a c c o u n t  for a n y  large f r ac t ion  of no rep inephr ine .  I t  has  
been  a s s u med  t h a t ,  because  of t h e i r  morpho log ic  s imi l a r i t y  
to  t h e  g r anu l a r  vesicles of s y m p a t h e t i c  axons  a n d  the i r  
s i lve r -pos i t iv i ty  8, t h e  smal l  a t r i a l  specific D-granules ,  
seen m a i n l y  a m o n g  t h e  myof ibr i l s ,  possess t h e  same  func-  
t i on  as t h e i r  a x o n a l  c o u n t e r p a r t ,  namely ,  t h e  s to r ing  of 
c a t echo l amines  0. However ,  t h e  absence  of f luorescence of 
these  specific g ranules  in  our  s t u d y  ind ica tes  t h a t ,  if 
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Fig. 3. Fluorescence of noradrenergie nerves in the atrial wall of 
control hamster, x 280. 

Fig. 4. Atrium of hamster chronically treated with 6-hydroxydop- 
amine. The fluorescence of noradrenergic nerves has totally dis- 
appeared. • 280. 

these  granules do store catecholamines ,  t h e y  do so in a 
manne r  qui te  unre la ted  to  axonal  endings  of adrenal  
medulla.  Finally,  the  absence of lesions in a t r ia l  cardio- 
cytes  is no t  surpris ing since the  damage  caused by  6-OH- 
DA is s t r ic t ly  l imi ted  to adrenergic  nerve  endings,  leaving 
Schwann  cells, smoo th  muscle cells and  cholinergic fibers 
in t ac t  1. 

Rdsumd. L ' a d m i n i s t r a t i o n  aigu~ ou chronique  de doses 
i m p o r t a n t e s  de 6 -hyd roxydopamine  au h a m s t e r  indui t  la 
d ispar i t ion  de la f luorescence spgcifique des fibres adr6- 
nergiques au niveau de l 'orei l le t te  droi te  mais  ne p rodui t  
aucun c h a n g e m e n t  darts l ' u l t r a s t ruc tu re  des cd lu les  

cardiaques.  Le nombre ,  la taille, la disposit ion,  la morpho-  
logic des granules spgcifiques de ces cellules ne sont  pas 
altgr@s. 

M. CANTIN, R. VEILLEUX and M. H~JET ~o 

D@artement de Pathologic et Ddpartement d'Anatomie, 
Universitd de Montrdal, Case postale 6728, 
Montrdal 107 (Qudbec, Canada), 77 October 7972. 

10 Supported by a grant from the Quebec Heart Foundation and the 
Medical Research Council of Canada. 

Parathymische  L y m p h k n o t e n  der Maus und ihre Reaktion auf T h y m e k t o m i e  ~ 

~ b e r  p a r a t h y m i s c h e  L y m p h k n o t e n  liegen bisher  nur  
wenige Mit te i lungen vor. D u ~  2 fand  bei M~Lusen 3 bis 4 
kleine, dem T h y m u s  dorsal  anl iegende L y m p h k n o t e n .  
Ebenso  ha t  MILLER ~ kleine thorae ische  L y m p h k n o t e n  der  
Maus nachgewiesen,  welche in oder d ich t  an der  Thymus-  
kapsel  lokalis ier t  sind. Auch  bei  R a t t e n  grenzen mehrere  
L y m p h k n o t e n  an  den Thymus4,  ~. 

Bei e igenen U n t e r s u c h u n g e n  an neona ta l  t h y m e k t o -  
mie r t en  R a t t e n  und  M~usen is t  eine Zunahme  von  Gewicht  
und  Anzahl  der  p a r a t h y m i s c h e n  L y m p h k n o t e n  anfge- 
fallen, was auf eine wechselsei t ige Beziehung zwischen 
d e n  T h y m u s  nnd  den ihn  u m g e b e n d e n  L y m p h k n o t e n  
h inweisen  k6nnte .  Hierzu wird  desha lb  an NMRI-MS, nsen 
gepriif t ,  oh q u a n t i t a t i v e  Bez iehungen  zwischen Anzahl  

und  Gr6sse der p a r a t h y m i s c h e n  L y m p h k n o t e n  und dem 
Ausmass  der T h y m e k t o m i e  bes tehen.  

Material und Methoden. Tiermater ia I :  Hochschwangere  
NMRI-M~tuse s t a m m t e n  v o m  Zen t ra l ins t i tu t  ffir Versnchs-  
t i e rzuch t  in Hannover .  Die Tiere wurden  in EinzelMifigen 
konven t ione l l  gehal ten.  Nach  dem Wer fen  wurden  dem 
Tr inkwasser  30 rag/1 Achromyc in  zugesetzt .  

1 Herrn Prof. Dr. O. WESTPHAL zum 60. Geburtstag. 
T. 13. DUNN, J. natn. Cancer Inst. J$, 1281 (1954). 

3 j.  F. A. P. MILLER, Br. ned. J. 2, 459 (1963). 
W. W. BONNEY and J. D. BATTENBERO, Transplantation 5, 544 
(1967). 

5 7. N. BLAU and J. M. GAUOAS, Immunology 7d, 763 (1968). 


