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Discussion. The  decrease in the  noradrena l ine  con t en t  
of the  submaxi l l a ry  gland following an infusion of ty ra -  
mine  suppor ts  the  hypothes is  t h a t  t y r a m i n e  causes a re- 
lease of  noradrenal ine .  I t  m a y  therefore  wel l  be t h a t  the  
effects  of t y r amine  are  exe r t ed  v i a  a release of  noradre-  
naline.  The  t o t a l  d isappearence  of  noradrena l ine  f rom the  
gland,  as well  as of t he  secre tory  response to  t y r a m i n e  
(STROMBLAD 4, a) a f te r  r emova l  of t he  s y m p a t h e t i c  supply ,  
is also consis tent  wi th  such a mode  of  ac t ion  of ty ramine .  

At  the  end of the  infusion of t y ramine ,  no secre tory  res- 
ponse was obta ined,  b u t  the  g land was found to  re ta in  
some 50% of  i ts  noradrenal ine .  1No exp lana t ion  can be 
g iven;  b u t  ,it could be po in ted  ou t  t h a t  t he  sympa the t i c  
innerva tes  also the  vessels of the  g land and therefore  the  
remain ing  noradrena l ine  could be associated wi th  te rmi-  
nals a round  the  vessels. On electr ical  s t imula t ion  of the  
sympa the t i c ,  t he  ne rve  t e rmina l s  in con t ac t  w i th  t he  
secre tory  cells seem to  be more  easi ly dep le ted  of t rans-  
m i t t e r  t h a n  those  in con tac t  wi th  t he  vessels (EMMELIN 
and  ENGSTR6M s). 

The  figures for the  adrena l ine  con t en t  of t he  glands  were  
low and  va r i ed  m u c h  more  t h a n  those  for t he  noradrena-  
line conten t .  I t  is, however ,  of in te res t  to  no te  t h a t  adre-  
nal ine was p resen t  in a p p a r e n t l y  no rma l  quan t i t i e s  af ter  
excision of the  super ior  cervical  ganglion.  I t  could be t h a t  
adrenal ine  is located outs ide  the  nerve  t e rmina l s  in the  
submaxi l l a ry  gland.  
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Zusammen[assung 

Der  Norad rena l ingeha l t  in de r  Submaxi l lar i sdr i i se  de r  
Ka t ze  n a h m  nach  der  Infus ion v o n  T y r a m i n  ab, wodurch  
die Auffassung un te r s t i i t z t  wird,  dass diese Subs tanz  
durch  Fre i se tzung  yon  Noradrena l in  wirkt .  Sympa th i sche  
Gangl ionek tomie  ve ru r sach te  das  vol ls t i indige Verschwin-  
den y o n  Noradrena l in  in tier Drtise. 

I n  V i v o  U p t a k e  o f  D o p a m i n e  and 
5 -Hydroxytryptamine  by A d r e n a l  

Medul lary  Granules  

In  1953 the  adrena l ine  and noradrena l ine  of the  adrena l  
medul la  were shown to  be  localized wi th in  in t race l lu lar  
granules  of  a b o u t  t he  same size as mi tochondr i a  b u t  no t  
ident ica l  w i th  these  1,2. Subsequen t  observa t ions  8,4 in- 
d ica te  t h a t  also ca techol  amines  in o the r  t issues are  k e p t  
in s imilar  part icles.  I n  s tudies  of  this  s torage  mechan ism,  
the  adrena l  medul la  is of ten  the  t issue of choice, because 
i t  is easy to isolate and prepare .  However ,  i t  has  t he  draw- 
back  of a comparab ly  slow tu rnover ,  which makes  in- 
ves t iga t ions  of t he  kinet ics  of the  s torage  mechan i sm 
difficult .  

I n  an  a t t e m p t  to ove rcome  the  diff iculty,  we h a v e  s tud-  
ied the  up t ake  of ca techol  amines  of t he  ca techol  amine  
conta in ing  granules af ter  admin i s t r a t ion  of 3 ,4-dihydroxy-  
phenyla lan ine  (DOPA). This  amino  acid pene t ra t e s  in to  
the  cell, where  i t  is deca rboxy la ted  to dopamine  by  means  
of DOPA-decarboxy lase .  This  enzyme  is loca ted  in t he  
cy top lasmic  sap  5. I t  was observed  t h a t  m o s t  of t he  new- 
fo rmed  dopamine  was p resen t  in t he  g ranu la r  f rac t ion  
af te r  d i f ferent ia l  cent r i fugat ion .  The  procedure  is br ief ly  
descr ibed below. 

L-DOPA in a dose of 100 mg /kg  was adminis te red  i. v. 
in to  rabbi t s  weighing a b o u t  2 kg. The  animals  were  kil led 
a t  va ry ing  in te rva ls  of t i m e  af te r  t he  inject ion.  The  adre-  
nals were  rap id ly  r emoved ,  and  the  adrena l  medul la  was 
dissected free f rom cort ical  t issue.  The  medul la  was homo-  
genized in ice-cooled 0.3 M sucrose in a P o t t e r - E l v e h j e m  
homogenizer .  F r o m  the  homogena t e  three  fract ions were  
prepared  b y  means  of d i f ferent ia l  cen t r i fuga t ion  accord-  
ing to HILLARP et al. 1: (1) t he  low speed sed iment ,  con-  
t a in ing  cell  nuclei  and  cell debris,  (2) the  h igh  speed 
sediment ,  con ta in ing  the  mi tochondr i a  and  ca techol  amine  
s tor ing granules,  (3) the  h igh  speed superna tan t ,  contain-  
ing the  cy toplasmic  sap. The  ca techol  amine  con ten t s  of 
the  fract ions were de te rmined  as p rev ious ly  descr ibed s. 
As will be seen in the  Table ,  the  g ranu la r  f rac t ion con- 
t a ined  3.7 ptg dopamine  30 min  af te r  t he  admin i s t r a t ion  
of D O P A ,  whereas  less t h a n  I tzg was localized in  t he  
cy top lasmic  sap. The  newly- fo rmed  dopamine  is thus  
rap id ly  t a k e n  up  b y  the  granules.  I n  t he  k idney  cor tex,  
however ,  which  is r ich in  DOPA-deca rboxy l a se  b u t  lacks 
ca techol  amine  s tor ing granules,  mos t  of t he  dopamine  
formed was found in t he  cy top lasmic  sap. P r e t r e a t m e n t  
of t h e  animals  w i t h  reserpine impa i red  t h e  up t ake  of 
dopamine  b y  adrena l  medu l l a ry  granules  a f te r  D O P A  
adminis t ra t ion .  Thus  the  p r i m a r y  effect  of reserpine 
which is known to  deple te  the  body  stores of ca techol  
amines  ~-° m a y  be its in te rac t ion  wi th  the  up take  of 
ca techol  amines  by  the  granules.  

In-vivo uptake of dopamine and 5-hydroxytryptamine by adrenal 
medullary granules after administration of DOPA and 5-hydroxy- 
t ryptophan respectively (~g per pair of adrenals. Each value re- 
presents the  mean  of two determinations. DA: dopamine; NA: nor- 
adrenaline; A: adrenaline; 5-HT: 5-hydroxytryptamine;  5-HTP:  

5-hydroxytryptophan). 

DA NA A 5-HT 

DOPA, 100 mglkg Cytoplasmic sap 0.8 0.9 8.2 - -  
(30 min) Granules 3.7 4.8 72 - -  

DOPA, 100 rag/ks Cytoplasmic sap 1.4 2.7 14.5 - -  
(1 h 5 Granules 5.4 15.5 127 - -  

Reserpine, 5mg]kg Cytoplasmic sap 1.5 2.0 11.6 - -  
(3 h) + D O P A ,  Granu les  2.0 -0 .5  69 - -  
100 mg]kg (30 rain5 

Reserpine, 5mg/kg Cytoplasmic sap 4,0 1.3 1.1 - -  
(20 h )+DOPA,  Granules 0.8 1.0 1.9 - -  
(30 min) 

5-HTP, 100 mg/kg Cytoplasmic sap 0.45 
(1 h) Granules 1.40 

Control Cytoplasmic sap 0.0 0.2 6.7 0.0 
Granules 0.3 1.2 105.3 0.0 
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T h e  m e c h a n i s m  b y  wh ich  ca techo l  a m i n e s  a re  t a k e n  up  
a n d  s to red  does  n o t  seem to  be  specif ic  for  ca t echo l  amines ,  
5 - h y d r o x y t r y p t a m i n e  (5-HT) b e i n g  f o u n d  in  t h e  ca techo l  
a m i n e  c o n t a i n i n g  g ranu le s  a f t e r  a d m i n i s t r a t i o n  of DL-5- 
h y d r o x y t r y p t o p h a n  (5 -HTP)  (TaMe).  

F r o m  t h e s e  e x p e r i m e n t s  i t  t h u s  m a y  b e  conc luded  t h a t  
5 -HT a n d  c a t e c h o l  a m i n e s  a re  s to red  in  t h e  ceils in  s imi la r  
par t ic les ,  t h e  i d e n t i t y  of  w h i c h  is u n d e r  f u r t h e r  i nves t iga -  
t ion .  W h i c h  of  t h e  two  t y p e s  of a m i n e s  a cell  c o n t a i n i n g  
t h e s e  g ranu le s  possesses,  s eems  to  b e  due  t o  i t s  c o n t e n t s  
of  D O P A  a n d  5 - H T P  s y n t h e z i s i n g  enzymes ,  as  5 - H T P  
d e c a r b o x y l a s e  a p p e a r s  to  be  iden t i ca l  w i t h  D O P A -  
d e c a r b o x y l a s e  10, n .  
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Zusammen/assung 

Die E i n l a g e r u n g  yon  n e u g e b i l d e t e m  D o p a m i n  in den  
K a t e c h o l a r n i n - h a l t i g e n  G r a n u l a  des  N e b e n n i e r e n m a r k s  
n a c h  I n j e k t i o n  y o n  D O P A  i s t  u n t e r s u c h t  worden .  Dop-  
a m i n  w i rd  y o n  d e n  G r a n u l a  a u f g e n o m m e n ,  u n d  n u t  wenig  
d a v o n  wird  im C y t o p l a s m a  ge funden .  V o r b e h a n d l u n g  de r  
T ie re  m i t  R e s e r p i n  v e r h i n d e r t  d iese  E i n l a g e n m g .  D e r  
M e c h a n i s m u s  d e r  E i n l a g e r u n g  i s t  n i c h t  spezif isch,  well  
5 - H y d r o x y t r y p t a m i n  n a c h  I n j e k t i o n  y o n  5 - H y d r o x y -  
t r y p t o p h a n  y o n  d e n  G r a n u l a  a u c h  a u f g e n o m m e n  wird.  

S t o r a f l e  o f  N e w - F o r m e d  

C a t e c h o l a m i n e s  i n  t h e  A d r e n a l  M e d u l l a  

i n  p r ev ious  p a p e r s  x.2 i t  h a s  b e e n  s h o w n  t h a t  large 
a m o u n t s  of d o p a m i n e  (DA) a n d  n o r a d r e n a l i n e  (NA) are  
r ap id ly  fo rmed  in  t h e  a d r e n a l i n e  (A) ceils of t h e  r a b b i t  
s u p r a r e n a l  m e d u l l a  a f t e r  a n  i n t r a v e n o u s  in j ec t ion  of L-3, 4- 
d i h y d r o x y p h e n y l a l a n i n e  (dopa).  I t  was  also found  t h a t  
t h e  n e w - f o r m e d  a m i n e s  r a p i d l y  b e c o m e  ' p a r t i c l e - b o u n d ' .  
I n  t h e  p r e s e n t  s tudy ,  ev idence  is p r e s e n t e d  in s u p p o r t  of 
t h e  v iew t h a t  D A  a n d  N A  are  in  f ac t  i n c o r p o r a t e d  in  t h e  
a m i n e  g r anu l e s  w h i c h  n o r m a l l y  s to r e  o n l y  A. 

In three experiments, the intracellular distribution of DA, NA, 
and A was examined by means of density gradient centrifugation. 
In each experiment, the adrenal medullas from two rabbits (1.5 to 
2 kg), to which dopa (100 mg/kg body weight) had been given I h 
previously, were homogenized in 0.3 M sucrose and then fractionated 
into a low-speed sediment (800 x g, 5 rain), a 'large granule' fraction 
and a high-speed supernatant (20000 x g, "20 rain; details are found 
in a previous paper2). The 'large granule' fraction, i. a. containing 
the mitoehondria and the amine storage granules, was resuspended 
in sucrose and subjected to density gradient centrifugation (gradient: 
0.4 to 1.8 M sucrose) in the way described previously3). The content 
of the tube was divided into three subtractions: a top fraction (G 1) 
containing microsomal material, mitochondria, and amine granules 
of low density, a bottom fraction of non-sedimented amine granules 
of high density (G2), and a small sediment of high density amine 
granules which seem to be practically free from other cell particles 3. 
The amine content in all the fractions was determined spcctrophoto- 
fluorimetrically 4, ~. 

I t  was  f o u n d  (Tab le  I) t h a t  t h e  ' p a r t i c l e - b o u n d '  D A  
a n d  N A  showed  p r ac t i c a l l y  t h e  s ame  d i s t r i b u t i o n  as t h a t  
of A. Mos t  n o t e w o r t h y  is t h e  f ac t  t h a t  50 to  60% of al l  
t h r e e  a m i n e s  were  r ecove red  in  t h e  s e d i m e n t  (G3) con-  

[ a i n i n g  t h e  h i g h  d e n s i t y  a m i n e  granules .  These  f ind ings  
s t r o n g l y  s u p p o r t  t h e  v iew t h a t  t h e  n e w - f o r m e d  D A  a n d  
N A  m u s t  h a v e  b e e n  t a k e n  u p  in t h e  specif ic  a m i n e  s to rage  
g ranu les .  I t  seems q u i t e  un l i ke ly  t h a t  t h e  m e d u l l a r y  cell 
c o n t a i n s  a n y  o t h e r  ' pa r t i c l e s '  t h a t  - bes ides  be ing  ab le  to  
b i n d  t h e  la rge  a m o u n t s  of D A  a n d  N A  - h a v e  t h e  s a m e  
s e d i m e n t a t i o n  c h a r a c t e r i s t i c s  as  t h o s e  of t h e  s to rage  
g ranu les .  

T h e  n e w l y  f o r m e d  D A  a n d  N A  were n o t  t a k e n  u p  pre-  
f e r en t i a l l y  b y  t h e  a m i n e  g r anu l e s  of low dens i ty .  T h i s  is 
i n t e r e s t i n g  s ince  t he se  g r a n u l e s  w h i c h  - in  c o n t r a s t  to  
t h e  h i g h  d e n s i t y  g r anu l e s  - s eem to  s to r e  a m i n e s  l a rge ly  
w i t h o u t  a d e n o s i n e t r i p h o s p h a t e  m i g h t  be  t h o u g h t  t o  re-  
p r e s e n t  g r anu l e s  in  a n  ea r ly  s t o r ag e  phase% T h e  p r e s e n t  
f ind ings  do  n o t  s u p p o r t  s u c h  a view. 

A n o t h e r  a p p r o a c h  to  t h e  s to rage  p r o b l e m  was  also 
a t t e m p t e d .  T h e r e  are  seve ra l  f ind ings  sugges t ing  t h a t  re- 
s e rp ine  de s t roys  t h e  a m i n e  s to rage  m e c h a n i s m  ' ,s .  I t  is 
t h u s  of i n t e r e s t  to  see w h e t h e r  t h e  D A  a n d  N A  fo rmed  
a f t e r  a d o p a  i n j e c t i o n  b e c o m e  ' p a r t i c l e - b o u n d '  also in 
a n i m a l s  t r e a t e d  w i t h  reserpine .  

R e s e r p i n e  (5 m g / k g  b o d y  weight )  was  a d m i n i s t e r e d  to  
r a b b i t s  a n d  d o p a  was  i n j ec t ed  a f t e r  v a r y i n g  per iods  of 
t i m e  (Tab le  I I ) .  A f t e r  h o m o g e n i z a t i o n  of t h e  medu l l a s  

Tab. I 

Exp. 
Nr. 

I 

I I  

III 

Amine 

A 
NA 
DA 
A 
NA 
DA 
A 
NA 
DA 

Low-speed 
sediment 

~g 

High-speed 
supcrnatant 

~g 

Granule-bound amines 

Total Distrib.in%of total 

I Gs I 1 G3 
13 
3.2 

0.8 
26 

- 0 . I  
1.0 

15 
2.1 
0.7 

11 34 
9 31 

11 32 
10 31 
10 36 
12 28 

6 45 
13 35 

7 42 

15 
3.1 
0.8 

15 
1.6 
0.5 

23 
0.6 
1.9 

255 
42 
10 

260 
55 

9,2 
175 

18 
4.3 

55 
59 
57 
60 
54 
60 
49 
52 
51 

Tab. II 

Adrenaline Noradrenaline Dopamine 

Total 'Free' Total 'Free' Total 'Free' 
~g % ~g % ~g % 

Reserpine 3 h 
Dopa 30 rain 
Reserpine 5 h 
Dopa 30 rain 
Reserpine 20 h 
Dopa 30 rain 

91 83 12 17 1 .81 .0100100 3.8 2.9 42 44 

37 24 24 18 4.4 1.9 54 65 4.0 2.3 49 57 

3.6 3.3 21 57 1.93.3 53 57 5.0 5 .782 80 
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