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p repa ra t ion  has been shown to be ex t remely  sensi t ive to 
A II  b u t  no t  to  A I~ A I and A I I  solut ions were made  
from the i r  s tock solut ions in 0.1 N acetic acid (100 ag/ml).  
4 d i f ferent  concen t ra t ions  of A I were p repa red  (1, 2, 4, 8 
~g/ml) then  crude  kall ikrein (Padut in  | Bayer) ,  which  
was f reshly  di luted in saline, incuba ted  wi th  A I solut ion 
hav ing  a final concen t ra t ion  of 0.1 U/ml These solut ions  
were kep t  at  37~ for a per iod of 30 min at p H  7.4. The 
same procedure  was repeated  in ano the r  series of ex- 
pe r imen t s  by  add ing  SQ 20881 at the  concen t ra t ions  of 
50 to  100 ng tml  to A I solut ions before incubat ing  wi th  
pure  kallikrein.  The same exper imenta l  design was fol- 
lowed wi th  pure  kallikrein (Kallikrein e KZC 1/75, Bayer  
AG). The dose-response curves of A I and A I I  alone, A I 
i ncuba ted  wi th  crude and pure  kallikrein and A I incub-  
a ted  wi th  crude and pure kall ikrein conta in ing  SQ 20881 
were de te rmined  in the  aort ic  s tr ips.  
Results. The low concen t ra t ions  of A I I  and re la t ive ly  
higher  concen t ra t ions  of A I (above 40 ng/ml) induced a 
dose -dependen t  con t rac t ion  when  superfused over  the 
r abb i t  aor t ic  str ips.  The contrac t i le  effect  of A I was found 
to  be po t en t i a t ed  af ter  p re incuba t ion  wi th  crude kalli- 
krein. No p o t e n t i a t i o n  was observed af ter  i ncuba t ion  of 
A I w i th  pure  kallikrein. Crude kallikrein itself ne i ther  
p o t e n t i a t e d  nor  relaxed when  relat ively h igher  concen-  
t r a t ions  were superfused over  the  r abb i t  aort ic  s t r ips .  
Nonapept ide  SQ 20881, which  is a p o t e n t  inhibi tor  of 
conver t ing  enzyme  causes a s ignif icant  inh ib i t ion  in the  
response of aort ic  s t r ips  to  A I p re incuba ted  wi th  crude 
kallikrein This  inhibi t ion was ob ta ined  when  SQ 20881 
was added  to  the  med ium before incuba t ion  of crude 
kallikrein The degree of the inhibi t ion by  SQ 20881 was 
found to  be a lmos t  the  same when  nonapep t ide  was used 
at  the  dose range of 10 to 100 ng/ml. U n d e r  t he  same 
exper imen ta l  condit ions,  pre incubat ion of SQ 20881 wi th  

A I alone did no t  inf luence the  cont rac t i le  response  to 
decapept ide .  The calculated resul ts  are shown in the  
table.  
Discussion. The results  of the  p resen t  s t u d y  clear ly indi-  
ca te  t h a t  crude kallikrein,  b u t  no t  pure  kall ikrein,  when  
incuba ted  wi th  A I causes a defini te  po t en t i a t i on  in the  
response  of r abb i t  aorta.  This  po ten t i a t ion  is p robab ly  due 
to  the  convers ion of A I to  A I I  by  crude kallikrein. This  
a s sumpt ion  has  been based  upon the  following findings:  
1. A I p re incuba ted  w i t h  crude kall ikrein induces  a 
myo t rop ic  ac t iv i ty  which  is equal to  t h a t  ob ta ined  wi th  
A I I  on the  aort ic  s t r ip .  No o the r  f ragments  of angio- 
t ens in -pep t ides  descr ibed hav ing  h igher  or equal  myo-  
t ropic  ac t iv i ty  when  compared  w i t h  the  effect  of p a r en t  
pep t ide  in the  aort ic  s t r ips  3. 2. Conver t ing  enzyme in- 
hibi tor  nonapep t ide  SQ 20881, inhibi ts  the  po t en t i a t i on  
of A I p re incuba ted  w i t h  crude kallikrein. In  order  to  
measure  the q u a n t i t y  of t he  convers ion of A I to  A I I  by 
crude kallikrein,  the  dose-response curve  of A I I  in each 
aort ic  s t r ips  was de te rmined ,  and i t  ind ica ted  t h a t  a lmos t  
100% convers ion  occurred af ter  pre incubat ion  of deca- 
pep t ide  wi th  crude kallikrein.  Since pure kall ikrein did 
no t  cause a po ten t i a t i on  on the  myo t rop ic  effect  of A I, 
i t  is therefore  obvious  t h a t  th is  po ten t i a t i on  is no t  due to  
kall ikrein itself in Padu t in .  I t  is h igh ly  possible t h a t  crude 
kall ikrein p repa ra t ions  conta ins  a kininase f ract ion which  
causes the  convers ion of A I to A I I .  The presence of a 
ca rboxypep t idase  B in c rude  kall ikrein p repa ra t ions  has 
been  descr ibed previous ly  10. 
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Summary. The ra te  of accumula t ion  and  me tabo l i sm of aH- l -no rep ineph r ine  in the  neurona l  p lexus  of ra t  po r t a l  vein 
produces  a small  t r a n s m i t t e r  concen t ra t ion  g rad ien t  across t he  longi tudinal  s mo o t h  muscle  layer  which  canno t  account  
for the  p re junc t iona l  supersens i t iv i ty  observed  and  suggests  localization of the  a lpha-adrenerg ic  receptors  ad j acen t  
to  the  nerve  plexus.  

The ra t  po r t a l  vein  consists  of 2 smoo th  muscle  layers;  
an inner  circular  layer  (10-20 ~zm thick) and  an ou te r  
longi tudinal  layer  (50-70 vm thick) 3. A two d imens iona l  
adrenergic  ne tw ork  is located  be tween  the  s m o o t h  muscle  
layers2, s. P re junc t iona l  hype r sens i t i v i t y  of the  longi tu-  
dinal  muscle to  norep inephr ine  (NE) appl ied exogenous ly  
has been  d e m o n s t r a t e d  in v i t ro  in chronical ly  d e n e r v a t e d  
and coca ine- t rea ted  t issues * a m o u n t i n g  to  a 13-30fold 
paral lel  shif t  of t he  dose-response curves. Because of the  
d imens ions  of the  hype r sens i t i v i t y  in th is  vessel  and  the  
unl ikel ihood t h a t  t he  adrenergic  nerve  plexus  could effec- 
t ive ly  reduce the  concen t ra t ion  of N E  t h r o u g h o u t  the  
longi tudinal  s m o o t h  muscle  layer  suff ic ient ly  to  accoun t  
for t he  shif t  in t he  d0se-resp0nse curve,  it  has  been 
pos tu la t ed  t h a t  t he  a lpha-adrenerg ic  receptors  are located  
on the  longi tud ina l  s m o o t h  muscle cell layer  d i rec t ly  
ad j acen t  to  the  nerve  plexus  ~, 3, ,, 9. 

I n  the  p resen t  exper iments ,  the  ra te  of t r a n s p o r t  of 
8H-1-NE into  t he  neurona l  p lexus  was  ob ta ined  f rom the  
neurona l  accumula t ion  and  me tabo l i sm of 3H-1-NE. I t  is 
self ev iden t  t h a t  N E  m u s t  en te r  t he  'tissue f rom its t issue 
b a t h  a t  a ra te  equal  to  its ra te  of e n t r y  in to  the  neurona l  
p lexus  a t  the  s t eady  s ta te .  F r o m  th is  d a t a  it was possible 
to  calculate  the  necessary  t r a n s m i t t e r  concen t ra t ion  gra- 
d ien t  f rom the  t issue b a t h  to  the  per i synap t ic  region 5 to 
effect  such a ra te  of en t ry .  Since th is  calculat ion showed 
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t h a t  e l i m i n a t i o n  of  t h e  c a l c u l a t e d  N E  c o n c e n t r a t i o n  g r a -  
d i e n t  w i t h i n  t h e  m u s c l e  l a y e r  b y  d e n e r v a t i o n  o r  N E  
n e u r o n a l  u p t a k e  b l o c k a d e  w o u l d  n o t  a c c o u n t  for  t h e  
o b s e r v e d  h y p e r s e n s i t i v i t y  t o  N E ,  i t  m u s t  be  c o n c l u d e d  
t h a t  t h e  m a j o r  N E  g r a d i e n t  o c c u r s  w i t h i n  t h e  i n t r a s y n -  
a p t i c  s p a c e .  I n  t h i s  t i s s u e  t h e  s y n a p t i c  c le f t  is  a p p r o x i -  
m a t e l y  1000 ~ ill w i d t h .  T h u s ,  in  o r d e r  t o  a c c o u n t  for  t h e  
o b s e r v e d  d e g r e e  of  h y p e r s e n s i t i v i t y  t h e  a l p h a - r e c e p t o r s  
a r e  p r o b a b l y  p r e d o m i n a n t l y  w i t h i n  t h i s  r eg i on .  
Mater ials  and  methods. A p p r o x i m a t e l y  10 m m  of p o r t a l  
v e i n  f r o m  m a l e  S p r a g u e - D a w l e y  r a t s  ( 2 2 0 - 2 5 0  g) w a s  re-  
m o v e d ,  c l e a r e d  of  e x c e s s  c o n n e c t i v e  t i s s u e  a n d  p l a c e d  in  
a 5.0 m l  K r e b s - b i c a r b o n a t e  i n c u b a t i o n  b a t h  a t  37 .5~  
b u b b l e d  w i t h  9 5 %  02  a n d  5 %  CO 2. T h e  t i s s u e s  we re  p r e -  
i n c u b a t e d  in  p l a i n  K r e b s  for  a b o u t  45 m i n  a n d  i n c u b a t e d  
in  3 H - 1 - N E  (2 • 10 -7 M) f r o m  10 to  60 m i n .  C o c a i n e  
(10 .4 M) w a s  a d d e d  t o  s o m e  t i s s u e s  15 m i n  p r i o r  to  t h e  
a d d i t i o n  of  3 H - 1 - N E .  T h e  t i s s u e s  a n d  a l i q u o t s  of  t h e  
K r e b s  i n c u b a t i o n  m e d i u m  were  t h e n  a s s a y e d  fo r  3 H - 1 - N E  
a n d  a H - m e t a b o l i t e s  b y  t h e  u s e  of  c a t i o n - e x c h a n g e  p a p e r  
c h r o m a t o g r a p h y  e. 
C a l c u l a t i o n  of  t h e  p e r i s y n a p t i c  t r a n s m i t t e r  c o n c e n t r a t i o n  
w a s  m a d e  u s i n g  t h e  d i f f u s i o n  e q u a t i o n  for  m o v e m e n t  of  a 
s u b s t a n c e  t h r o u g h  a f l a t  t i s s u e  l a y e r  5: 

k A ( C b - -  Cp) t 2/7 M d 

w h e r e  : 

M = Mass of the diffusing substance transported into the neuronal 
plexus ill time t = 20 min 

= 60.1 X 10 -1~ moles NE 

A = Area of a plane sheet of tissue across which M diffuses 

mass/specific gravity 
thickness 

1 g/1.05 g /en l  3 

0.007 cm 
= 136 em 2 
d -- Thickness of the tissue 
= 0.007 cm 

(Cb --  Cp) = Concentration gradient established by the rate of entry 
of NE into the neuronal plexus 

Cb = Concentration of 3H-1-NE in the bath 
Cp = The perisynaptic concentration of 3H-1-NE 
k = Diffusion coefficient 
= 90 • 10 -~ eln2/min 

5C 

4C 

L s0 

20 

1'0 20 3)) 4'0 5'0 6'0 min 
Time 

3H-l-norepinephrine accumulation in rat portal vein with footnote: 
[3H-l-norepinephrine] = 2 • 10 7 M. 

T h e  r a t e  of  c o c a i n e - s e n s i t i v e  a c c u m u l a t i o n  w a s  c a l c u l a t e d  
b y  t h e  fo l loWing  e q u a t i o n :  

TXE4o --  T~E20 R =  
20 rain 

w h e r e  : 

R -- rate of cocaine-sensitive transport of NE 
TN~4o = Amount  of 3H-1-NE transported across the neuronal mem- 

brane after a 40 rain incubation in 2 • 10 -7 M 3H-1-NE 
TNE20 = Same as above for a 20 nfin incubation 

[7 -3H-1-NE} w a s  o b t a i n e d  f r o m  N e w  E n g l a n d  N u c l e a r  
Corp .  1 - N E  w a s  o b t a i n e d  f r o m  C a l b i o c h e m  a n d  n o r m e -  
t a n e p h r i n e ,  3 , 4 - d i h y d r o x y p h e n y l g l y c o l ,  3 , 4 - d i h y d r o x y -  
m a n d e l i c  ac id ,  3 - m e t h o x y - 4 - h y d r o x y p h e n y l g l y c o l ,  a n d  
3 - m e t h o x y - 4 - h y d r o x y m a n d e l i c  ac id  f r o m  R e g i s  C h e m i -  
cal  Co. C o c a i n e  w a s  o b t a i n e d  f r o m  t h e  U C L A  P h a r m a c y .  
N C S  t i s s u e  so lub i l i z e r  w a s  p u r c h a s e d  f r o m  A m e r s h a m -  
Sear le .  
Results  and discussion. T h e  a c c u m u l a t i o n  of u n c h a n g e d  
3 H - 1 - N E  b y  t h e  r a t  p o r t a l  v e i n  w a s  l i n e a r  b e t w e e n  20 a n d  
40 r a in  ( f igure) .  I n  o r d e r  to  e s t i m a t e  m o r e  a c c u r a t e l y  t h e  
t r a n s p o r t  of  a H - 1 - N E  a c r o s s  t h e  n e u r o n a l  m e m b r a n e  a t  
t h e s e  t i m e  p o i n t s ,  i t  w a s  n e c e s s a r y  to  m o n i t o r  t h e  n e u r o -  
n a l  a c c u m u l a t i o n  a n d  m e t a b o l i s m  of  3 H - 1 - N E .  T h i s  d a t a  
for  c o n t r o l  a n d  c o c a i n e - t r e a t e d  t i s s u e s  a f t e r  20 a n d  40 m i n  
t i m e  e x p o s u r e  is s h o w n  in  t h e  t a b l e .  T h e  c o c a i n e  t r e a t e d  
t i s s u e s  w e r e  u s e d  as  b l a n k s  for  n o n - n e u r o n a l  a c c u m u l a t i o n  
a n d  m e t a b o l i s m  of  3 H - 1 - N E .  
H a v i n g  d e t e r m i n e d  t h e  r a t e  of  c o c a i n e - s e n s i t i v e  3 H - 1 - N E  
u p t a k e  ( tab le) ,  i t  w a s  p o s s i b l e  to  c a l c u l a t e  t h e  p e r i s y n a p -  
t ic  c o n c e n t r a t i o n  of  N E  (Cp) a n d  t h e  t r a n s m i t t e r  c o n c e n -  
t r a t i o n  g r a d i e n t  b e t w e e n  t h e  b a t h  a n d  t h e  p e r i s y n a p t i c  
r e g i o n  (Cb - - C p ) .  Cp w a s  e q u a l  to  1 . 5 0 •  -7 M a n d  
(Cb --  Cp) w a s  t h e r e f o r e  0.50 • 10 -7 M. 2 a s s u m p t i o n s  a r e  
i n h e r e n t  in  t h i s  c a l c u l a t i o n  ; h o m o g e n e i t y  of  t h e  d i f f u s i n g  
m e d i u m  a n d  t h e  u n i f o r m  d i s t r i b u t i o n  of n e r v e  t e r m i n a l s  
t h r o u g h o u t  a t w o d i m e n s i o n a l ,  p l a n a r  n e r v e  p l e x u s .  T 6 r o k  
a n d  B e v a n  12 m e a s u r e d  t h e  e n t r y  of a H - N E  i n t o  r a b b i t  
a o r t i c  m e d i a  a n d  c o n c l u d e d  t h a t  t h i s  t i s s u e  l a y e r  w a s  
r e l a t i v e l y  h o m o g e n e o u s .  T h e  n e r v e  p l e x u s ,  h o w e v e r ,  
f o r m s  a n  i r r e g u l a r  n e t w o r k  a n d  t h e  c a l c u l a t e d  c o n c e n t r a -  
t i o n  g r a d i e n t  is t h u s  a n  a v e r a g e  a n d  n o t  a n  a b s o l u t e  v a l u e .  
I t  s h o u l d  be  n o t e d  t h a t  a l t h o u g h  t h e  a d r e n e r g i c  p l e x u s  
a l o n g  t h e  a d v e n t i t i a l  b o r d e r  d o e s  a c c u m u l a t e  N E  3, t h e  
m a i n  n e u r o n a l  p l e x u s  b e t w e e n  t h e  s m o o t h  m u s c l e  l a y e r s  
d o m i n a t e s  q u a n t i t a t i v e l y  xa. 
I f  t h e  a l p h a - r e c e p t o r s  we re  l o c a t e d  t h r o u g h o u t  t h e  l ong i -  
t u d i n a l  s m o o t h  m u s c l e  l aye r ,  t h e n  n e u r o n a l  u p t a k e  w o u l d  
h a v e  to  r e d u c e  t h e  m e a n  c o n c e n t r a t i o n  of  N E  in  t h e  l a y e r  
to  m o r e  t h a n  x/13th o f  t h e  b a t h  c o n c e n t r a t i o n .  A n y t h i n g  
less  c o u l d  n o t  a c c o u n t  for  t h e  13fold  s h i f t  of  t h e  d o s e -  
r e s p o n s e  c u r v e  w i t h  c h r o n i c  d e n e r v a t i o n .  I t  m u s t  b e  
p r e s u m e d ,  t h e r e f o r e ,  t h a t  t h e  s i t e  of  t h e  c o n c e n t r a t i o n  
g r a d i e n t  c a u s e d  b y  n e u r o n a l  u p t a k e  w h i c h  w o u l d  a c c o u n t  
for  s u c h  a l eve l  o f  h y p e r s e n s i t i v i t y  m u s t  be  w i t h i n  t h e  

6 J. Levin, Analyt. Biochem. 51, 42 (1973). 
7 B. Johansson and B. Ljung, Acta physiol, scand. 70, 312 (1970). 
8 B. Johansson and B. Ljung, Acta physiol, scand. 73, 501 (1968). 
9 W . W .  Fleming, Fed. Proc. 34, 1969 (1975). 
10 O. Aprigliano, I. E. Rybareayk, K. Hermsmeyer and L. S. van 

Orden, J. Pharmae.  exp. Ther. 798, 578 (1976). 
11 O. Aprigliano and K. Hermsmeyer,  J.  Pharmac.  exp. Ther. 198, 

568 (1976). 
12 J. T6rok and J. A. Bevan, J. Pharmac.  exp. Ther. 777, 613 

(1971). 
13 j .  Lundberg, B. Ljung, D. Stage (MeMurphy) and A. Dahlstrom, 

Cell Tissue Res. (in press). 
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synap t i c  cleft, i.e. w i th in  t he  i n t r a s y n a p t i c  region.  There  
is e x p e r i m e n t a l  ev idence  t h a t  such  a g r a d i e n t  does in  
fac t  exis t  in  th i s  t i s sue  d u r i n g  neurogen ic  a c t i v i t y  5. 
This  suggests  t h a t  on ly  t he  s m o o t h  muscle  cells d i rec t ly  
a d j a c e n t  to  t he  ne rve  p lexus  a n d  poss ib ly  on ly  t he  pos t -  
synap t i c  m e m b r a n e  c o n t a i n  a lpharecep tors .  

Accumulation and metabolism of 3H-l-norepinephrine in rat portal 
vein* 

Condition Incuba- 3H-1-NE + 3H-metabolites** 
tion time (moles/g tiss) • 10 -1~ 
(min) (mean ~: SE [nl) 

a) Control 20 S7.1 • 5.0 (5) 
b) Cocaine (10 4 M) 20 35.6 i 4.1 (5) 

Cocaine- 
sensitive (a-b) 20 49.3 ~ 2.0 (5) 

e) Control 40 200.3 4- 14.1 (5) 
d) Cocaine (10 -4 M) 40 87.9 -[: 9.9 (5) 

Cocaine- 
sensitive (c-d) 40 112.3 :~- 6.7 (5) 

(moles/g min) x 10 -1~ 

Rate of cocaine sensitive 3.15 4- 0.33 
accumulation and metabolism 
of aH-1-NE 

* Portal veins incubated in 3H-1-NE (2 • 10 _7 M) ; tissues assayed for 
3H-1-NE and 3H-metabolites; Krebs medium assayed for 3H-me- 
tabolites. 
** Metabolites: 3,4-dihydroxyphenylglyeol, 3-methoxy-4-hydroxy- 
phenylglycol, 3,4-dihydroxymandelic acid, 3-methoxy-4-hydroxy- 
mandelic acid, normetanephrine. 

Recen t ly ,  Apr ig l iano  e t  al. 1~ h a v e  r epo r t ed  on ly  a 
1.6fold sh i f t  of t h e  con t r ac t i l e  dose-response  cu rve  of r a t  
p o r t a l  ve in  to  exogenous  N E  a f t e r  t r e a t m e n t  in  v i t ro  
w i t h  6 - h y d r o x y d o p a m i n e .  H y p e r s e n s i t i v i t y  of th i s  order  
is c o m m o n l y  seen w i t h  o the r  b lood  vessel  s t r ips ,  and  
implies  a more  h o m o g e n e o u s  d i s t r i b u t i o n  of t he  a lpha-  
recep tors  t h r o u g h o u t  t he  l ong i t ud ina l  s m o o t h  muscle  
layer .  Th i s  v a l u e  is c o n s i s t e n t  w i t h  t he  d imens ions  of the  
ca lcu la ted  i n t r a - m u r a l  N E  g r a d i e n t  found  in th i s  s tudy ,  
However ,  i t  has  also been  s h o w n  4, 7,s t h a t  t he  l a t e n c y  of 
onse t  of t he  con t rac t i l e  response  to  exogenous  N E  dif- 
fusing in f rom e i the r  t h e  i n t i m a l  or a d v e n t i t i a l  b o r d e r  is 
cons i s t en t  w i t h  a l p h a - r e c e p t o r  loca l iza t ion  nea r  t he  ad-  
renergic  n e r v e  p lexus  a n d  b e t w e e n  t he  s m o o t h  muscle  
layers.  In  add i t ion ,  t he  p o r t a l  ve in  l ong i tud ina l  s m o o t h  
muscle  is capab le  of  myogen ic  c o n d u c t i o n  wh ich  could 
ef fec t ive ly  exci te  s m o o t h  muscle  cells t h r o u g h o u t  t he  lon- 
g i t ud ina l  muscle  layer  f rom layers  nea r  t he  ne rve  plexus.  
I t s  con t r ac t i l e  a c t i v i t y  is usua l ly  d o m i n a t e d  b y  pace-  
m a k e r  cells and  t he  c o n c e n t r a t i o n  of neurogen ic  N E  out-  
side t he  s y n a p t i c  clef t  is p r o b a b l y  too  low to be  biologi- 
ca l ly  effect ive  d u r i n g  phYsiological  ra tes  of s y m p a t h e t i c  
~ c t i v i t y  5. Thus ,  t he  t i ssue  seems to  possess a t r ue  neuro-  
effector  junc t ion .  In  o t h e r  t i ssues  w i t h  such  a j u n c t i o n  
t he re  is r e s t r i c t ion  of t he  recep tors  to  t he  pos t - synap t i c  
m e m b r a n e .  
I n  conclusion,  ev idence  has  been  der ived  f rom s tud ies  of 
n e u r o n a l  u p t a k e  and  m e t a b o l i s m  of 3H-1-NE t h a t  t he  
c o n c e n t r a t i o n  g r a d i e n t  of exogenous  N E  in t he  longi tu-  
d ina l  muscle  of t h e  r a t  p o r t a l  ve in  is n o t  suff ic ient  to  
a c c o u n t  for a h i g h  level  of d e n e r v a t i o n  or p r e j u n c t i o n a l  
hype r sens i t i v i t y .  I f  this ,  in fact ,  occurs  in  th i s  t issue,  i t  
m u s t  be  t he  consequence  of a h igh  i n t r a s y n a p t i c  concen-  
t r a t i o n  g r a d i e n t  a n d  a r e s t r i c t ion  of t he  a lpha -ad rene rg ic  
r ecep to r s  to  th i s  site. 
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Summary. Opia t e  agonis t  (morphine) ,  pu re  a n t a g o n i s t  (naloxone),  mixed  a g o n i s t - a n t a g o n i s t  (na lorphine)  and  analge-  
s ical ly  i nac t ive  e n a n t i o m o r p h  (dex t ro rphan)  p roduced  d i f fe ren t ia l  s tereoselect ive  effects  on t h e  i nco rpo ra t ion  of El*C] 
t h i a m i n e  in t h e  cen t r a l  ne r vous  s y s t e m  of t he  ra ts .  The  possible  role of t h i a m i n e  in op ia te  effects  and  i ts  impl ica t ions  
are discussed.  

T h i a m i n e  a n d  i ts  p h o s p h o r y l a t e d  es ters  a p p e a r  to  p l ay  
a n  i m p o r t a n t  b iophys ica l  role in  n e r v e  c o n d u c t i o n  and  
exc i t a t i on  a t  t h e  molecu la r  level  2, 3, qu i t e  i n d e p e n d e n t l y  
of t h e i r  we l l -known c o e n z y m a t i c  a c t i v i t y  in t he  decar-  
b o x y l a t i o n  of a -ke to  acids a n d  2 t r a n s k e t o l a t i o n  s teps  of 
t h e  pen tose  p h o s p h a t e  p a t h w a y .  The  specific loca t ion  of 
t h i a m i n e  in t he  axona l  m e m b r a n e ,  r a t h e r  t h a n  in the  
c y t o p l a s m  as in  o the r  cells, i ts  ab i l i ty  to  fo rm complexes  
w i t h  sod ium a n d  c a l c i um  ions a n d  some n e u r o t r a n s m i t -  
ters,  i ts  release f rom severa l  neu ra l  t issues on  e lectr ical  
s t i m u l a t i o n  a n d  b y  d rugs  w h i c h  i n t e r a c t  w i t h  n e r v e  
m e m b r a n e s ,  a p p e a r  cons i s t en t  w i t h  i t s  p a r t i c i p a t i o n  in 
neu ra l  e x c i t a t i o n  a n d  t r a n s m e m b r a n e  ion t r a n s p o r t  in- 
vo lv ing  p e r m e a b i l i t y  changes  a t  t he  sod ium c h a n n e l  *. I n  
v iew of t he  i n v o l v e m e n t  of a p p r o x i m a t e l y  ha l f  of t he  
ce rebra l  t h i a m i n e  in p y r u v a t e  o x i d a t i o n  a n d  t h e  r ema in -  
ing in o t h e r  me tabo l i c  processes  in  b ra in ,  t he re  is l i t t le  if 

a n y  excess of t h i a m i n e  in t he  CNS 5 a n d  d i s t u r b a n c e  of 
func t ion  in t he  CNS w i t h  i ts  m o d e r a t e  dep le t ion  is un-  
de r s t andab le .  
This  s t u d y  d e m o n s t r a t e s  t h a t  in  ch ron ica l ly -morph in -  
ised rats ,  a h igh ly  s ign i f ican t  decrease  as c o m p a r e d  
to  t he  cont ro ls  occur red  in t he  i n c o r p o r a t i o n  of Ethiazole- 
2-1~C]thiamine in t he  b r a i n  s t e m ;  c o n c u r r e n t  admin i s -  
t r a t i o n  of na loxone ,  t h e  pu re  na rco t i c  a n t a g o n i s t  w i t h  
m o r p h i n e  abol i shed  t h e  h igh ly  s ign i f i can t  increase  in t he  
i nco rpo ra t i on  of t h i a m i n e  r a d i o a c t i v i t y  in  cor t ica l  hemi -  
spheres,  cerebel lum,  b r a i n  s t e m  and  p l a s m a  of r a t s  
a c u t e l y - t r e a t e d  w i t h  a 10 m g / k g  s.c. dose of m o r p h i n e ;  
d e x t r o r p h a n ,  a n  ana lges ica l ly - inac t ive  m o r p h i n a n  did  
n o t  p roduce  a n y  s ign i f i can t  c h a n g e  in i nco rpo ra t i on  of 
t h i a m i n e  r a d i o a c t i v i t y  in  these  areas  of the  CNS a n d  
p l a sma ;  na loxone  p r o d u c e d  a s ign i f ican t  decrease  in the  
i nco rpo ra t ion  of t h i a m i n e  r a d i o a c t i v i t y  on ly  in t h e  b r a i n  


