
Zusammen/assung. Chinin  (5 m M )  ru f t  e inen  s t a r k e n  
Ans t i eg  des Ca 45 Ausf lusses  aus  den  Ske l e t t m us ke l f a se rn  
yon  Carcinus und  Periplaneta hervor .  Bei  dieser  Kon-  
z e n t r a t i o n  b e w i r k t  Ch in in  eine ausgeprXgte t - Iemmung de r  
K a l z i u m b i n d u n g  a m  isol ier ten  s a r cop l a sma t i s chen  Ret i -  
cu lum und  der  M i t o c h o n d r i e n  dieser  Muskeln .  Die  
H e m m u n g  zel lulgrer  K a l z i u m b i n d u n g  s t e h t  in  ~vVechsel- 

~,~ ~H-Nortriptyline, U~ptake and, Tissue-Binding in, vitro and its Effect on ~H~N~ Uptake 

bez i ehung  m i t  dem Ans t i eg  freien K a l z i u m s  und  der  
d u r c h  Ch in in  b e w i r k t e n  K o n t r a k t i o n s a k t i v i e r u n g .  
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Tricycl ic  a n t i d e p r e s s a n t s  of t he  n o r t r i p t y l i n e  (NT) 
t y p e  are k n o w n  to  i n h i b i t  t he  u p t a k e  of n o r a d r e n a l i n e  
(NA) i n to  N A  n e r v e  t e r m i n a l s  b o t h  in t h e  pe r iphe ra l  a n d  
cen t r a l  ne rvous  s y s t e m  ~-4. Th i s  effect  of N T  is p r o b a b l y  
of decis ive i m p o r t a n c e  for t he  an t idep res s ive  effect  of t he  
d rug  ~. N T  is a h igh ly  l ip id-soluble  c o m p o u n d  a n d  is 
read i ly  t a k e n  up  in to  va r ious  t i ssues  and  easi ly  passes  t he  
b lood -b ra in  bar r ie r .  W i t h  t h i s  in mind ,  i t  was  of i n t e r e s t  
to  s t u d y  w h e t h e r  N T  b o u n d  to  b r a i n  t i ssue  is of impor -  
t ance  for  t he  u p t a k e  of N A  in to  N A  ne rve  t e rmina l s .  The  
p re sen t  e x p e r i m e n t s  were des igned  to  shed some f u r t h e r  
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Fig. 1. Time course for uptake of aH-NT (3 • 10 -7 M) in brain slices 
incubated in buffer (a) or human plasma (b). Open circles, 1 mg 
tissue per ml medium. Closed circles, 10 mg tissue per ml medium. 
The tissue/medium ratio for uptake in buffer, 1 mg tissue/ml is 
shown in a). Each vaIue is the mean of 4 determinations. 

l i gh t  on d rug  b i n d i n g  to t i ssue  c o m p o n e n t s  a n d  to  p l a s m a  
p ro t e ins  8. This  b ind ing  0 f d rugs  is of special  in t e res t  in  in 
v i t r o  expe r imen t s .  Cl inical ly  i t  is also i m p o r t a n t  to  k n o w  
if a t i s sue -bound  d rug  has  an  i n h i b i t o r y  effect  on the  
u p t a k e  of NA. 

Methods. Coronal  b r a i n  slices (0.5 m m  th ick ,  3 m m  
d iamete r ,  we igh t  a b o u t  5 mg) f rom u n t r e a t e d  female  
S p r a q u e - D a w l e y  r a t s  were used. The  slices were i n c u b a t e d  
e i the r  in a I~rebs -Ringer  b i c a r b o n a t e  buffer  or in  h u m a n  
p l a s m a  o b t a i n e d  f rom the  b l o o d b a n k .  3H-NA (HC1, 5-10 
Ci /mM),  aH-NT (HCI, 165 mCi /m~I) ,  k - ~ d i y  d o n a t e d  b y  
Dr. O. BoRaX, and  un labe l l ed  n o r t r i p t y l i n e  (Pha rmac ia ,  
Sweden)  were used in t he  e x p e r i m e n t s  4. The  r ad iochemi -  
cal p u r i t y  of aH-NT was checked  w i t h  SiO 2 t h i n  l ayer  
c h r o m a t o g r a p h y  (2 N a m m o n i a  : m e t h a n o l ,  1 : 4) a n d  was 
found  to be more  t h a n  90%. 

Af te r  t he  var ious  i n c u b a t i o n  procedures ,  t he  t issue was 
r ap id ly  r insed  in bn f f e r  and  t he  r a d i o a c t i v i t y  d e t e r m i n e d  
a f te r  so lubi l iza t ion  w i t h  Soluene | and  add i t i on  of to luene  
sc in t i l l a t ion  solut ion.  Eff ic iency  was  d e t e r m i n e d  a f t e r  
a d d i t i o n  of a l l - to luene .  

Results and discussion, aH-NT a c c u m u l a t e s  r ap id ly  in 
b r a i n  slices d u r i n g  i n c u b a t i o n  in buffer  (Figure l a). 
Af te r  2 h, a more  t h a n  100-fold a c c u m u l a t i o n  of radio-  
a c t i v i t y  has  a p p e a r e d  in t he  slices as c o m p a r e d  to  the  
med ium.  I t  is r easonab le  to  be l ieve  t h a t  a c c u m u l a t i o n  of 
aH-NT in c o n t r a s t  to  aH-NA a c c u m u l a t i o n  a is non-  
specific and  no t  ene rgy -dependen t .  The  r ap id  accumula -  
t ion  of N T  is mos t  l ikely re la ted  to  i ts  h i g h  l ip id-solubi l i ty .  
W h e n  t he  a m o u n t  of t i s sue  is increased  in t he  i n c u b a t i o n  
m e d i u m  f rom 1 m g  to 10 m g  t i s sue /ml  med ium,  the  
a c c u m u l a t i o n  of 3H-NT in t he  t issue is less p r o m i n e n t ,  due 
to a decrease  of t he  c o n c e n t r a t i o n  of aH-NT in t he  m e d i u m  
(Figure 2). W h e n  t he  i n c u b a t i o n  is pe r fo rmed  in h u m a n  
p lasma ,  aH-NT a c c u m u l a t i o n  in t i ssue  is a l m o s t  10 t imes  
less ef fec t ive  (Figure  l b ) ,  because  more  t h a n  90% of aU- 
N T  is b o u n d  to  p l a s m a  p ro t e ins  8. This  impl ies  t h a t  b o t h  
the  ' f ree '  c o n c e n t r a t i o n  of N T  in p l a s m a  a n d  t he  accumu-  
l a t i on  of aH-NT in slices i n c u b a t e d  in p l a s m a  are reduced  
to a b o u t  10% c o m p a r e d  to t he  buf fe r  expe r imen t s .  There  
seemed to be  a fa i r ly  r ap id  equ i l ib ra t ion  b e t w e e n  t he  
'~ree' a n d  t he  p l a s m a  p ro t e in  b o u n d  f rac t ions  of aH-NT, 
since i and  10 m g  t i s sue /ml  p l a s m a  resul t s  in  t h e  same  
aI-I-NT a c c u m u l a t i o n  in t he  slices. Thus  N T  b o u n d  to 
p l a s m a  p ro t e ins  is a reserve  pool  for t he  drug.  
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The d is t r ibu t ion  of SHINA and  aH-NT be tween  t issue 
and  med ium under  var ious  incuba t ion  procedures  is 
d e m o n s t r a t e d  in Figure 2. I t  is ev ident  t h a t  in t issue- 
incuba t ion  exper imen t s  smal l  a m o u n t s  of t issue per  ml  Medium 
incuba t ion  med ium should be used in order  to  ob ta in  
exact  results.  In  incubat ions  wi th  aH-NA only, a t  the  mos t  
10 mg tissue per  ml m e d i u m  should be used, while 80 mg 
tissue per  ml  reduces the  med ium concen t ra t ion  of aH-NA 

Buffe r  15 
markedly .  W i t h  NT in t h e  incuba t ion  medium,  b o t h  10 30 
mg  and especially 80 mg t issue per  ml  produces  a marked  2 • 30 
reduc t ion  of the  NT concen t ra t ion  in the  medium.  F r o m  4 • 30 
these exper imen t s  it  is appa ren t  t h a t  w i th  h ighly  lipid- Buffer 15 
soluble drugs like NT, only 1 mg t issue per  ml  ought  to be 30 
used in incuba t ion  exper iments .  Var ia t ions  in t issue- 2 x 30 
a m o u n t  per  ml  med ium and incuba t ion - t ime  cause a t  4• 
least  a 3-fold var ia t ion  in t he  NA up take  inh ib i t ion  by  Plasma 15 
NTT. I t  is of great  impor tance  t o  keep the  m e d i u m  con- 30 

2• 

Effec t  of va r ious  p r e i n c u b a t i o n  per iods  w i th  n o r t r i p t y l i n e  (NT) on 
3H-noradrenaline (SH-NA) uptakte in brain slices 

Preincubation Concentration Uptake of aH-NA 
time of NT in medium % of NT-free control 
(min) (M) 

3 X 10 -a 43 4- 2 
4 5 •  
3 4 •  1 
334-1 

3 x 1 0  7 2 3 _ a l  
2 5 •  
204-2 
184-1 

3 x 10 -~ 38 4- 2 
354-2 
364- I  
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Fig. 2. Distribution of ~H-NA and ~H-NT between tissue and 
medium after incubation of brain slices in Krebs-Ringer bicarbonate 
buffer. The values are expressed as % of total radioactivity (dpm) 
present in tissue and medium after the incubation. 3H-NA concentra- 
tion 2• -8 M, 3H-NT concentration 3• -7 M. Closed bars 
illustrate 3H-NA experiments where unlabelled NT was present 15 
mill before and during incubation with 8H-NA. The amount of 
tissue per reel incubation medium and the incubation period with 
isotope was varied as shown. Each value is the mean of 4 deter- 
millations. 
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Fig. 3. aH-NT uptake and aH-NA uptake (% of NT-free control) in 
brain slices illeubated in buffer. NT concentration 3 • 10 -T M. The 
values are from the Figure and the Table. 

The tissue amount was 1 mg/ml buffer and 10 mg/ml plasma. In- 
cubation time with 3H-NA 5 min. The marked increases in NT con- 
centrations ill the tissues can be seen in figure 1. Mean • s.e.m, of 
4 slices. 

cen t ra t ion  of NT cons t an t  when  s tudy ing  its effect  on the  
up take  of NA. In  the  Table th is  has  been  done b y  hav ing  
sufficient  med i u m per  slice. The p re incuba t ion  t ime  wi th  
NT was var ied in order  to  ob ta in  va ry ing  t issue concen-  
t r a t ions  of NT and the  up take  of ~H-NA de te rmined .  
There  are only small  var ia t ions  in the  inhib i t ion  of aH-NA 
up take  bo th  in buffer  and plasma,  in sp i te  of large v a r i a -  

t ions  in t issue NT concen t ra t ions  (of. Figure  1). This  
f inding is fu r ther  i l lus t ra ted  ill F igure  3, d e m o n s t r a t i n g  
t h a t  the  t i s sue-bound  NT is of minor  if any  impor t ance  
for 3H-NA up take  inh ib i t ion  8. 

In  chronic admin i s t r a t i on  of NT, s t eady- s t a t e  k inet ics  
are ob ta ined  af ter  ap p ro x i ma t e l y  6 days  s. I t  is also known  
f rom elillical exper ience t h a t  there  is a delay b e t ween  
t r e a t m e n t ' s  in i t ia t ion and  the  f irs t  signs of ameliorat ion.  
This  migh t  be a resul t  of the  b ind ing  of t he  drug to tissue. 
Thus ,  unt i l  t he  t issue has  been sa tura ted ,  there  m a y  no t  
be suff icient  ' free '  NT  avai lable to  cause an u p t ake  
inhib i t ion  in the  cent ra l  NA nerve  terminals ,  a l though  
bra in  con ten t  of bound  NT m a y  be re la t ive ly  h igh  9. 

Zusammenfassu~g. Inkub ie rung  yon  Geh i rnschn i t t en  
in Puffer  mi t  aH-Nor t r ip ty l in  gibt  eine mehr  als 100fache 
A n s a m m l u n g  yon  aH-Nor t r ip ty l in  im Gewebe. W e n n  die 
Inkub ie rung  im P l a s ma  geschieht ,  ist  die A n s a m m l u n g  
yon  at-I-Nortriptylin abh~.ngig yon  der  K o n z e n t r a t i o n  der  
<dreien~> Droge im Plasma.  Diese ~freie,~ K o n z e n t r a t i o n  
ve ru r sach t  die H e m m u n g  der  Norad rena l i nau fnahme  in 
N e rv en t e rmi n a l eh  der  H i rn r inde  und  das gewebegebun-  
dene Nor t r ip ty l in  ist, wenn  i iberhaupt ,  yon  geringer  
Bedeu tung  fiir die H e m m u n g  der Noradrena l inaufnahme .  
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