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Table III. Oxidation of 2-oxoglutarate 

Specialia 15.2. 1969 

Time 
(rain) 

[xl of oxygen eonsumed/mg of protein of mitochondria 

Normal liver A. flavus affected liver 

in absence in presence in absence in presence 
of DNP of DNP (3 • 10 -SM) of DNP of DNP 

P. rubrum affected liver 

in absence in presence 
of DNP of DNP 

20 1.20 4- 0.12 3.42 4- 0.34 3.22 4- 0.42 2.84 ~ 0.40 1.45 ~ 0.15 4.33 =[= 0.60 
40 2.83 -4- 0.41 6.25 -4- 0.44 6.74 -4- 0.38 6.56 -4- 0.32 3.16 -t- 0.18 8.67 4- 0.32 
60 4.61 ~ 0.36 8.17 4- 0.78 7.45 4- 0.35 5.82 4- 0.26 4.58 4- 0.53 9.12 4- 0.82 
80 5.18 -4- 0.43 8.88 -4- 0.80 7.62 4- 0.26 5.68 4- 0.32 4.82 4- 0.41 10.23 ~ 0.76 

2.7 ml of the reaction system contained 30 ~xmoles of inorganic P; 10 [xmoles of MgC12; 30 [xmoles of 2-oxoglutarate and 830 ~zmoles of 
sucrose in the main compartment; 0.3 ml of tile mitoehondrial suspension in the side-arm and 0.2 ml of 20% KOH in the centre-well. 

The p resen t  s tudies  indica te  t h a t  m i tochondr i a  are 
no t  af fec ted  even secondar i ly  unt i l  the  focal necrot ic  
s tage  of t he  poisoning (by A. ]lavus) a t  which  these  
s tudies  have  been per formed.  

Zusammen/assung. Es wurde  die funkt ionel le  In t eg r i t g t  
der  Mi tochondr ien  nach  Verunre in igung  der  N a h r u n g  mi t  
A./ lavus und  P. rubrum aus verg i f te te r  M/iuseleber unter-  
sucht .  Die Mi tochondr i en funk t ion  der  mi t  P. rubrum 

verg i f te ten  Leber  ist in bezug auf ihre ATPase-T/ t t igkei t  
und  oxyda t ive  Phosphory l i e rung  gest6rt ,  w~hrend  im 
mi t  A. flavus verg i f t e t en  Gewebe alle wicht igen  Mito- 
chondr i en funk t ionen  unver~tndert  blieben. 
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D i s t r i b u t i o n  o f  N o r e p i n e p h r i n e  U p t a k e  W i t h i n  R a b b i t  A o r t a  B e t w e e n  A d v e n t i t i a  a n d  M e d i a  1 

Evidence  has  been  p re sen ted  t h a t  exogenous  nor- 
ep inephr ine  (NE) is t a k e n  up and  bound  to  non-specif ic  
ex t r aneu rona l  s torage sites in t issues conta in ing  post-  
ganglionic adrenergic  nerve  fibers f rom which  it can  be 
released by  t y r a m i n e  ~-~. In  the  p resen t  s tudy,  we have  
examined  the  up take  of t r i t ium-label led  N E  (3H-NE) 
b y  neurona l  and  ex t r aneu rona l  sites in the  isolated rabb i t  
aor ta  t ak ing  advan t age  of t he  ana tomica l  a r r a n g e m e n t  
in th is  vessel  of 2 d i s t inc t  circular  layers:  t he  s mo o t h  
muscle  con ta in ing  tunica  media  and  the  adrenergic  
neurone  conta in ing  tun ica  advent i t i a .  

Methods. The  general  m e t h o d  descr ibed in detai l  by  
NEDERGAARD et  al. s, was used. Chromatographica l ly  
pure  (-4-)-7-3H-norepinephrine hydrochlor ide  (3H-NE) 
was  ob ta ined  commerc ia l lyL R a b b i t  aort ic  r ings were 
p laced  in a t issue b a t h  filled wi th  physiological  salt  
solut ion ma in t a ined  a t  37 ~ After  appropr i a t e  incuba t ion  
periods,  t he  r ings were  removed,  par t ia l ly  d iges ted  by  
means  of a to luene-soluble  q u a t e r n a r y  baseS, ~, and  the  
r ad ioac t iv i ty  de t e rmined  wi th  a l iquid scint i l la t ion 
spec t rome te r  ~~ In  some expe r imen t s  following incuba t ion  
wi th  SH-NE the  adven t i t i a  was s t r ipped  f rom the  media  
in a m a n n e r  similar  to  t h a t  descr ibed by  PEASE and  
PAULE 11. The comple teness  of the  removal  was conf i rmed 
histological ly 12. 

Ext race l lu la r  space of i n t ac t  aor ta  was de t e rmined  
using (carboxyl-14C)inulin~ (25 ?/ml).  

Results. R a b b i t  aor t ic  r ings in v i t ro  accumula ted  
8H-NE (10 -8 and  10-6M) when  t h e y  were incuba ted  
wi th  t he  labelled amine  for va ry ing  t ime  per iods  las t ing 
f rom 2-60 rain (Figure). P a r t  of the  up take  is accounted  
for by  extracel lu lar  space.  The m e a n  up take  of (carboxyl-  

14C)inulin af ter  60 min  by  6 aort ic  s t r ips  was 0.47 • 0.02 
(S.E.M.) ml/g. 

The re la t ionship  be tween  extracel lu lar  concen t ra t ion  
of 8H-NE and  the  d i s t r ibu t ion  of t he  up take  of this  
amine  by  aor ta  in to  adven t i t i a  and  media  was de te rmined  
(Table). At  a low concen t ra t ion  of ~H-NE (10-8M), the  
major  p a r t  of th is  amine  was t aken  up by  advent i t ia ,  
while only  a smal l  po r t ion  was localized in t he  media.  
As the  b a t h  concen t ra t ions  of ~H-NE was ra ised f rom 
10-SM to e i ther  10 -e or 10-4M, the  pe rcen tage  of the  

1 Supported by grants from the U.S. Public Health Service (No. 
HE-08359) and The American Medical Association Education 
and Research Foundation. 

2 W. HAEFELY, A. HORLIMANN and H. THOENEN, Br. ]. Pharmac. 
27, 27 (1963). 

3 U. TRENDELENBUR~ and R. I. PFEFFER, Naunyn-Schmiedebergs 
Arch. exp. Path, Pharmak. 248, 39 (1964). 
O. A. NEDERGAARD and E. WESTERMA~N, Naunyn-Sehmiedebergs 
Arch. exp. Path. Pharmak. 257, 163 (1965). 

s j .  E. FISCHER, T. J. I{OPIN and J. AXELEOD, J. Pharmac. 147, 
181 (1965). 
O. A. NEDERGAARD, A. VAGNE and J. A. BEVA~r J. Pharmac. 
163, 136 (1968). 
New England Nuclear Corporation, Boston, Massachusetts. 

s NCSTM Solubilizer, Nuclear-Chicago Corporation. 
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ment of Pathology, UCLA School of Medicine, for performing the 
histology. 
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u p t a k e  i n t o  t h e  a d v e n t i t i a l  l a y e r  d e c r e a s e d  c o r r e s p o n d -  
i ng ly .  A t  t h e  h i g h  c o n c e n t r a t i o n  ( 1 0 - 4 M )  m o s t  o f  t h e  
u p t a k e  w a s  l oca l i zed  in  t h e  m e d i a .  

Discussion. T h e  r e s u l t s  d e m o n s t r a t e  t h a t  in  v i t r o  
a H - N E  is t a k e n  u p  b y  r a b b i t  a o r t i c  r i n g s  i n t o  b o t h  
a d v e n t i t i a  a n d  m e d i a .  I t  is o f t e n  i m p l i e d  t h a t  r a b b i t  
a o r t a  is i n n e r v a t e d  b y  s y m p a t h e t i c  a d r e n e r g i c  m o t o r  
ne rves~ ,~% t h e  a d v e n t i t i a  p r o b a b l y  c o n t a i n i n g  m o s t  o f  
t h e  t e r m i n a l  n e r v e  p l e x u s U a  TM. A t  low,  b u t  n o t  h i g h  
c o n c e n t r a t i o n s  of  ~ H - N E  m o s t  of  t h i s  a m i n e  w a s  l oca l i zed  
in  t h e  a d v e n t i t i a  (Tab le ) .  T h i s  is c o n s i s t e n t  w i t h  t h e  
r e p o r t  ~ t h a t  a c u t e  r e m o v a l  of  a d v e n t i t i a  f r o m  r a b b i t  
a o r t i c  s t r i p s  b e f o r e  ~ H - N E  i n c u b a t i o n  d r a s t i c a l l y  r e d u c e d  
t h e  c a p a c i t y  o f  t h i s  t i s s u e  t o  b i n d  ~ H - N E .  T h e  i n c r e a s i n g l y  
l a r g e r  p r o p o r t i o n  of  t h e  u p t a k e  l oca l i zed  in  t h e  m e d i a  
s e e n  w i t h  c o n c e n t r a t i o n s  h i g h e r  t h a n  1 0 - S M ,  s u g g e s t s  
t h a t  w h e n  t h e  c a p a c i t y  of  t h e  a d r e n e r g i c  n e u r o n e s  to  
a c c u m u l a t e  t h e  l abe l l ed  a m i n e  is e x c e e d e d ,  e x t r a n e u r o n a l  
u p t a k e  b e c o m e s  p r e d o m i n a n t .  

Coca ine ,  a n  i n h i b i t o r  of  t h e  c a t e c h o l a m i n e  u p t a k e  
m e c h a n i s m  in  t h e  a x o n a l  m e m b r a n e  o f  s y m p a t h e t i c  n e r v e  
f ibe r s  lV,~s, m a r k e d l y  i n h i b i t e d  t h e  u p t a k e ,  w h e n  t h e  a o r t a  
w a s  i n c u b a t e d  w i t h  a low c o n c e n t r a t i o n  ( 1 0 - S M )  of  
~ H - N E I %  T h u s ,  t h e  a d v e n t i t i a l  a c c u m u l a t i o n  p r o b a b l y  
is a c c o u n t e d  for  b y  u p t a k e  i n t o  (1) a d r e n e r g i c  n e u r o n e s  
( c o c a i n e - s e n s i t i v e  u p t a k e ) ,  (2) c o n n e c t i v e  t i s s u e  ( coca ine -  
i n s e n s i t i v e  u p t a k e ) ,  a n d  (3) e x t r a c e l l u l a r  space ,  

E 

" --10~ 8/'/(6) T 

1~ 2b 3'0 4'0 5'0 6'Omin 
Effect of concentration on the mean uptake of 3H-NE by aortic 
rings in vitro. Ordinate: The uptake of 3H-NE ( o - - e ,  10 8M; 
�9 10 6M), expressed as millilitre of bath fluid cleared per gram 
tissue (ml/g). Abscissa: Length (nfin) of incubation period with 3H- 
NE. Numbers in parentheses refer to the number  of double determi- 
nations made on tissues from different rabbits. The vertical bars 
represent the 4- S.E.M. 

Effect of concentration on distribution of 3H-NE uptake into 
adventitia and media of rabbit aortic rings 

3H-NE 8H-NE uptake, inl/g~, b 
concen- Intact  aorta Adventitia 
tration 
3I 

Media 
NO, o 

10 -8 10.26 4- 0.77 19.49 • 2.20 2.21 =t_ 0.00 11 
10 6 5.54 :t2 0.33 6.97 4- 0.52 2.30 -E 0.17 7 
10 -~ 2.95 -F 0.10 2.11 ~ 0.00 2.59 4- 0,00 5 

Uptake of SH-NE after 60 min incubation, b 1 ml/g uptake for 
10 8, 10-6  and 10-4M concentrations corresponds to 0.01, 1, and 
100 ninoles/g, respectively, o No. of paired observations. 

S o m e  of  t h e  3 H - N E  p r o b a b l y  e n t e r s  i n t o  m e d i a l  t i s s u e  
b y  a t r a n s p o r t  p r o c e s s ,  s i n c e  p h e n o x y b e n z a m i n e ,  a n  
i n h i b i t o r  of  N E  u p t a k e  b y  s y m p a t h e t i c  n e r v e s  ~s, a n d  
c o c a i n e  i n h i b i t e d  t h e  u p t a k e ,  w h e n  t h e  a o r t a  w a s  i n c u -  
b a t e d  w i t h  1 0 - ~ M  8H-NE20.  A l t h o u g h  t h e  p r e s e n t  d a t a  
do  n o t  p r o v e  i t ,  t h i s  u p t a k e  m e c h a n i s m  c o u l d  p o s s i b l y  
be  a n  ' a m i n e - p u m p '  l oca l i z ed  in  t h e  m e m b r a n e  o f  s m o o t h  
m u s c l e  w h i c h  m e d i a t e s  t h e  e n t r y  o f  a H - N E  i n t o  t h e s e  
cells .  T h e  d e m o n s t r a t i o n  ( u s i n g  t h e  FALCK f l u o r e s c e n c e  
t e c h n i q u e )  o f  a n  i n t r a c e l l u l a r  a c c u m u l a t i o n  o f  N E  b y  
a r t e r i a l  s m o o t h  m u s c l e  ~l-~a s u p p o r t s  t h i s  v i ew .  

T h e  e x t r a n e u r o n a l  u p t a k e  b y  r a b b i t  a o r t a  - t h a t  i n t o  
t h e  e x t r a c e l l u l a r  space ,  t h e  s m o o t h  m u s c l e  a n d  t h e  co n -  
n e c t i v e  t i s s u e  in  b o t h  a d v e n t i t i a  a n d  m e d i a  - m o s t  l i ke ly  
c o r r e s p o n d s  t o  t h e  s u r p r i s i n g l y  r a p i d  u p t a k e  ( ' u p t a k % ' )  
o f  N E ,  w h i c h  IVERSEN 2~ o b s e r v e d  w h e n  h e a r t s  w e r e  
p e r f u s e d  w i t h  h i g h  c o n c e n t r a t i o n s  o f  t h i s  a m i n e .  O n  t h e  
b a s i s  of  f l u o r e s c e n c e  m e a s u r e m e n t s  u s i n g  t h e  FALCK 
t e c h n i q u e ,  i t  h a s  b e e n  s u g g e s t e d  r e c e n t l y  t h a t  u p t a k e  b y  
s m o o t h  m u s c l e  in  i s o l a t e d  a r t e r i e s  o f  r a b b i t  e a r  a n d  p e r -  
f u s e d  c a t  s p l e e n  m a y  be  r e s p o n s i b l e  for  ' u p t a k e  2' 2~,2a,2~ 

T h e  p r e s e n t  f i n d i n g s  e m p h a s i z e  t h a t  t h e  k i n e t i c  a n a l y -  
s is  of  d r u g  u p t a k e  i n t o  n e u r o n e s  b y  v a s c u l a r  t i s s u e  m u s t  
t a k e  i n t o  a c c o u n t  n o t  o n l y  e x t r a c e l l u l a r  s p a c e ,  a s  is 
c o m m o n l y  done ,  b u t  a l so  e x t r a n e u r o n a l  t i s s u e  u p t a k e 2 6 .  

Rdsumd. D a n s  l ' a o r t e  d u  l ap in ,  la  n o r a d r 6 n a l i n e  e s t  
a b s o r b 6 e  p a r  la  t u n i q u e  m o y e n n e  q u i  p o s s ~ d e  de s  cel-  
l u l e s  m u s c u l a i r e s  l i s ses  de  m ~ m e  q u e  p a r  la  t u n i q u e  
a d v e n t i c e  qu i  c o n t i e n t  de s  n e u r o n e s  a d r 6 n e r g i q u e s .  I1 e s t  
p r o b a b l e  q u e  ces  n e u r o n e s  e t  ces  ce l lu les  m u s c u l a i r e s  
l i sse  c o n t i e n n e n t  u n e  <,amine-pump~>. Le  t i s s u  c o n n e c t i f  
de  ces  2 c o u c h e s  a d s o r b e  a u s s i  la  n o r a d r 6 n a l i n e .  L a  d i s t r i -  
b u t i o n  r e l a t i v e  de  la  n o r a d r 6 n a l i n e  e n t r e  ces  3 s i t u a t i o n s  
e s t  u n e  f o n c t i o n  de  la c o n c e n t r a t i o n  e x t e r n e  de  la  n o r a d r 6 -  
na l i ne .  
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