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E n h a n c e m e n t  of H ~ - N o r e p i n e p h r t n e  A c c u m u l a t i o n  in Rat  Vas  D e f e r e n s  by  Coca ine ,  I m i p r a m i n e ,  and  
D e s m e t h y l i m i p r a m i n e  

The  p o t e n t i a t i o n  of pe r iphe ra l  effects  of n o r e p i n e p h r i n e  
b y  coca ine  ha s  been  well  d o c u m e n t e d .  T he  ex tens ive  
l i t e r a t u r e  conce rn ing  t h e  m e c h a n i s m  of coca ine - induced  
s u p e r s e n s i t i v i t y  has  r e c e n t l y  been  reviewedX,L 

A Iew years  ago, i m i p r a m i n e  ha s  also been  s h o w n  to 
p o t e n t i a t e  t he  p e r i p h e r a l  effects  of n o r e p i n e p h r i n e  ~. Th i s  
p r o p e r t y  was d e m o n s t r a t e d  l a t e r  for  o t h e r  a n t i d e p r e s s a n t  
d rugs  chemica l ly  r e l a t ed  to  i m i p r a m i n e  4-s. A n u m b e r  of 
i so la ted  o rgans  h a v e  also been  used to  s t u d y  cocaine-  
i nduced  7-~° a n d / o r  i m i p r a m i n e - i n d u c e d  5 - ~  supersens i -  
t i v i t y  to  no rep ineph r ine .  

I t  is well  known,  on  t he  o t h e r  h a n d ,  t h a t  b o t h  coca ine  
a n d  im ip ramine ,  or  im ip ramine - l i ke  compounds ,  i n h i b i t  
t he  u p t a k e  of n o r e p i n e p h r i n e  b y  s y m p a t h e t i c  n e r v e  end-  
ings in  m a n y  organs.  These  u p t a k e  e x p e r i m e n t s  h a v e  been  
m a d e  b y  i n j ec t i ng  n o r e p i n e p h r i n e  to  t he  an i m a l s  or more  
f r e q u e n t l y  b y  a d d i n g  n o r e p i n e p h r i n e  to  a n  isola ted o rgan  
b a t h  or to  a pe r fus ion  m ed i um .  A c o m p r e h e n s i v e  s u r v e y  
of t h e  l i t e r a t u r e  has  been  g iven  b y  IVERSEN ~3. 

The  u p t a k e  of c i r cu la t ing  n o r e p i n e p h r i n e  a t  s y m p a -  
t h e t i c  n e r v e  end ings  a ppea r s  to  be t h e  m e c h a n i s m  b y  
w h i c h  t he  effects  of t he  t r a n s m i t t e r  are  t e r m i n a t e d .  Hence  
b lockade  of t h i s  u p t a k e  p r o b a b l y  a c c o u n t s  in  p a r t  for t he  
p o t e n t i a t i n g  effects  s h o w n  b y  these  c o m p o u n d s  on  circu- 
l a t o r y  s y s t e m  or  on  adrenerg ica l ly  i n n e r v a t e d  i so la ted  
organs .  

T h e  i n h i b i t i o n  of H3-no rep ineph r ine  u p t a k e  b y  imipra -  
mine,  des ip ramine ,  cocaine,  ~ u a n e t h i d i n e ,  a n d  m e t a r a -  
mino l  in t h e  i so la ted  h e a r t  ha s  been  descr ibed  1 , -x ,  Some 
of these  s u b s t a n c e s  p r o d u c e  a s imi la r  effect  on  t h e  h e a r t  
in  v ivo  I~-22. O n  t h e  c o n t r a r y ,  t h e  in f luence  of such  d rugs  
on  t h e  u p t a k e  of n o r e p i n e p h r i n e  in t h e  v a s  deferens  h a s  
b e e n  poor ly  u n d e r s t o o d  a l t h o u g h  t h i s  p r e p a r a t i o n  is 
wide ly  used to  s t u d y  t h e  effects  of d rugs  o n  t h e  nore-  
p i n e p h r i n e - i n d u c e d  c o n t r a c t i o n  of th i s  muscle .  I n  a v e r y  
r e c e n t  r epor t ,  however ,  H.~GGENDAL a n d  HAMBERGER 23 
o b s e r v e d  a n  i n h i b i t i o n  of n o r c p i n e p h r i n e  u p t a k e  b y  desi- 
p r a m i n e  in t he  i so la ted  va s  deferens  of t h e  reserp in ized  
ra t ,  a n d  IVERSEN e4 o b s e r v e d  a s imi la r  effect  b y  i n c u b a t i n g  
slices of r a t  vas  deferens  w i t h  H*-norep inephr ine  in 
p resence  of des ip ramine ,  coca ine  or  m e t a r a m i n o l .  

I t  will be  shown,  however ,  t h a t  cocaine,  im ip ramine ,  
a n d  d e s m e t h y l i m i p r a m i n e  e n h a n c e  t he  n o r e p i n e p h r i n e  
a c c u m u l a t i o n  in t he  r a t  vas  deferens  in  v ivo  whi le  in- 
h i b i t i n g  i t  in  t h e  h e a r t  of t he  s ame  an imal .  

Methods.  Male a lb ino  r a t s  (180-230 g) were t r e a t e d  w i t h  
va r ious  subs t ances  k n o w n  to  p roduce  s upe r s ens i t i v i t y  to  
n o r e p i n e p h r i n e  a n d  to  r educe  u p t a k e  or a c c u m u l a t i o n  of 
exogenous ly  a d m i n i s t e r e d  n o r e p i n e p h r i n e  in t he  hea r t .  
2 h la ter ,  t h e y  received a n  i.v. i n j ec t ion  of De-norepine-  
p h r i n e - 7 - H  8 h y d r o c h l o r i d e  (3680 m c / m M ;  T h e  Rad io -  
chemica l  Centre ,  A m e r s h a m ,  E n g l a n d )  a t  a dose of 
360 # c / m l / k g  b o d y  weight .  T h e  an i m a l s  were  kil led 1 h 
la ter .  H e a r t  a n d  b o t h  v a s a  de fe ren t i a  were  qu ick ly  re- 
m o v e d ,  homogen i zed  w i th  10% t r i ch loroace t ic  acid (TCA). 
H~-no rep inephr ine  was  e s t i m a t e d  a f t e r  i so la t ion  of t h e  
c a t e c h o l a m i n e s  f rom TCA e x t r a c t s  b y  a l u m i n a  a d s o r p t i o n  
a t  p H  8.4 a n d  s u b s e q u e n t  e lu t ion  w i t h  0.25 N HC1, accord-  
ing t o  t h e  m e t h o d  of VON EULER a n d  ORW£N ~.  All 
r e a g e n t s  c o n t a i n e d  0 .01% E D T A  (Complexon  I I I ,  Sieg- 
fried). R a d i o a c t i v i t y  was  d e t e r m i n e d  in dup l i ca t e  exper i -  
m e n t s ,  w i t h  0.2 ml  ex t rac t ,  2.0 ml  e thano l ,  1.5 ml  m e t h a -  
nol, a n d  10 m l  b u t y l - P B D  sc in t i l l a to r  (Sc in t i l l a to r  CIBA)  
so lu t ion  (0.6% in  to luene) ,  All samples  were  c o u n t e d  in a 
P a c k a r d - T r i - C a r b  l iqu id  sc in t i l l a t ion  s p e c t r o m e t e r  to-  
g e t h e r  w i t h  H~-s tandards .  T he  e s t i m a t i o n  of ca techo la -  

mines  was car r ied  ou t  essen t ia l ly  b y  t he  m e t h o d  of VON 
EULER a n d  LISHAJKO *s excep t  t h a t  1 0 N  N a O H  was used 
r a t h e r  t h a n  5 N N a O H  2~. Resu l t s  are  expressed  in t e r m s  
of no rep inephr ine .  

Results .  The  effects  of a s ingle dose of coca ine  (20mg/kg ,  
s.c,), i m i p r a m i n e  (10 mg/kg ,  oral ly) ,  d e s m e t h y l i m i p r a m i n e  
(6 mg/kg ,  oral ly) ,  g u a n e t h i d i n e  (10 mg/kg ,  s.c.), L-meta -  
r a m i n o l  (0.3 mg/kg ,  s.c.), o r  r ese rp ine  (0.3 mg/kg ,  s.c.) on  
t he  a c c u m u l a t i o n  of H 3 - n o r e p i n e p h r i n e  in  t h e  r a t  h e a r t  
and  va s  defe rens  a re  s h o w n  in t h e  Figure .  I n  t h e  h e a r t ,  
these  c o m p o u n d s  p r o d u c e d  a s t r o n g  r e d u c t i o n  of H*-nor  - 
ep ineph r ine  a c c u m u l a t i o n .  In  t h e  s ame  an imals ,  r e se rp ine  
or  L -me ta r amino l  d id  n o t  i n h i b i t  s ign i f i can t ly  H3-nor-  
ep ineph r ine  a c c u m u l a t i o n  in t h e  v a s  deferens .  Sur-  
pr is ingly,  cocaine,  im ip ramine ,  d e s m e t h y l i m i p r a m i n e ,  or 
g u a n e t h i d i n e  even  e n h a n c e d  H~-norep inephr ine  a c c u m u l a -  
t ion.  T h e r e  was a bo rde r l ine  increase  for g u a n e t h i d i n e  b u t  
cocaine,  i m i p r a m i n e  a n d  d e s m e t h y l i m i p r a m i n e  h a d  in- 
c reased  t he  a c c u m u l a t i o n  b y  57.7, 80.2 a n d  94.7%,  respec-  
t ively .  

The  Tab le  shows t he  effects  of these  d rugs  on  t h e  nor-  
ep inephr ine  c o n t e n t  of h e a r t  a n d  va s  deferens  u n d e r  t h e  
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condi t ions  used to  d e t e r m i n e  no rep inephr ine  accumula-  
t ion.  I t  is pa r t i cu la r ly  in te res t ing  to  no te  t h e  lack of 
dep le t ing  ac t ion  of L-meta ramino l  on  the  vas  deferens  a t  
a t ime  where  cardiac  s tores  have  lost  60 -70% of the i r  
no rep inephr ine  con ten t .  Similar ly  t he  deple t ing  ac t ion  of 
reserpine  was  less in the  vas  deferens  t h a n  in t he  hear t .  

Discussion. Cocaine, imipramine ,  and  desme thy l imi -  
p r a m i n e  p o t e n t i a t e  t he  pharmaco log ica l  ac t ions  of nor-  
ep inephr ine  on hea r t  or on isolated vas  deferens.  This  was 
expla ined  by  the  abi l i ty  of th is  t y p e  of subs t ance  to  
inh ib i t  t h e  up take  of t h e  amine  by  s y m p a t h e t i c  nerve  
endings  1~. In  t he  e x p e r i m e n t s  descr ibed  above  the  in- 
h ib i t ion  of amine  u p t a k e  has been  d e m o n s t r a t e d  to occur  
in cardiac  t i ssue  and  th i s  is in a g r e e m e n t  w i th  prev ious  
r epo r t s  of  o t h e r  inves t iga to r s  us ing similar  p rocedures  
(for references  see 13). Since cocaine,  imipramine ,  and  des- 
m e t h y l i m i p r a m i n e  p o t e n t i a t e  t h e  s m o o t h  muscle  s t imu-  
l an t  ac t ion  of no rep inephr ine  also in t h e  i sola ted  vas  
deferens,  the  e n h a n c e d  no rep inephr ine  accumula t ion  in 
th is  organ was  qui te  unexpec ted .  The exp l ana t i on  of t he  
m e c h a n i s m  b y  which  the  H~-norepinephr ine  accumula t ion  
is e n h a n c e d  in the  vas deferens  needs  fu r the r  s t u d y  be-  
cause the  p r e s e n t  expe r imen ta l  s i tua t ion  does no t  allow 

Z(~(]O 

1600 

BOO 

--150'I=--~i * - ~ -  

- 100%---~ 

C 
i? 

HBaM 

Va$ defer~n$ 

iS  
5 M P, 

3Z0 
Zt'O 

160 ~ 

E 

80 

Effects of cocaine (C), imipramine (I), desmethylimipramine (D), 
guanethidine (G), L-metaraminol (M), or reserpine (R) on the H ~- 
norepinephrine accumulation in rat heart and vas deferens. Sub- 
stances were administered 2 h before an i.v. injection of HS-norepine - 
phrine. Organs were removed for analysis 1 h after Ha-norepinephrine 
injection. Values are the means for 3-8 extracts from treated animals 
4- standard errors of the means. Control values were 1803 4- 61 mFelg 
heart (n = 11) and 222 :~= 8 mtzc/g vas deferens (n = 16). 

t o  decide w h e t h e r  t h e  e n h a n c e m e n t  of H3-norep inephr ine  
accumula t ion  is due  to  an increased  n e t  u p t a k e  or to  an 
increased exchange  of H~-norepinephr ine  w i t h  endogenous  
amine  stores.  H i the r to ,  2 examples  of e n h a n c e d  Ha-nor - 
ep inephr ine  accumula t ion  have  been  r epo r t ed  in t he  vas  
deferens :  (1) in ra t s  a f te r  p r e t r e a t m e n t  w i th  m e t a n e p h -  
rine, n o r m e t a n e p h r i n e ,  or 3 - m e t h o x y - 4 - h y d r o x y p h e n y l -  
e thy l amine  ~8, (2) in i m m u n o s y m p a t h e c t o m i z e d  ra ts  or 
1nice ~9-31. 

I t  m u s t  be kep t  in mind  t h a t  the  general  behav iou r  of 
ca techo lamines  in t he  vas  deferens  con t r a s t s  w i th  t h a t  in 
o the r  adrenergica l ly  i n n e r v a t e d  organs,  such  as hear t ,  
spleen,  or sa l ivary  glands,  e.g. t he  no rep inephr ine  c o n t e n t  
of t he  r a t  vas  deferens  is lowered less, or  less rapidly ,  b y  
reserp ine  t h a n  t h e  no rep ineph r ine  s tores  of t he  myoca r -  
d i u m  (see Table) ;  the  no rep inephr ine  pers i s t s  in t h e  vas  
deferens  a f te r  hypogas t r i c  denervat ion32;  the  abso lu te  
a m o u n t s  of no rep ineph r ine  t a k e n  up  b y  the  vas  deferens  
is re la t ive ly  low as compared  wi th  i ts  excep t iona l ly  r ich  
adrenerg ic  innerva t ion .  All these  differences  m i g h t  be 
connec ted  wi th  t h e  pa r t i cu la r  ana tomica l  p a t t e r n  of 
adrenergic  i nne rva t ion  of the  vas deferens  which  is 
charac te r i zed  b y  shor t  adrenerg ic  neurons  32. This  fac tor  
m i g h t  have  been  of i m p o r t a n c e  in t he  effects  descr ibed  
above.  

Since the  accumula t ion  of no rep inephr ine  also d e p e n d s  
on the  flow rateSa,8% the  poss ib i l i ty  has  to  be t a k e n  in to  
accoun t  t h a t  t he  effects  of t he  in jec ted  norep inephr ine  as 
well as those  of t h e  no rep ineph r ine  resu l t ing  f rom defec-  
t ive  u p t a k e  in o the r  t issues h a v e  been  p o t e n t i a t e d  b y  
cocaine,  imipramine ,  or de s m e t h y l i m i p r a m i n e  in such  a 
m a n n e r  as to  a l te r  t he  b lood supp ly  to  the  vas  deferens.  
The  no rep inephr ine - induced  red i s t r ibu t ion  of b lood flow, 
indeed,  has  been  shown  to  differ  qua l i t a t ive ly  and  quan t i -  
t a t i ve ly  f r o m  one vascula r  b e d  to  ano ther ,  in t h e  un-  
anaes the t i z ed  r a t  as. 

Rdsumd. La cocaine, l ' imipramine ,  la desm6thy l imi -  
p r a mi n e  et  la guan6th id ine  ou t  p rovoqu6  une  accumula-  
t ion  accrue de la noradr6nal ine  tri t i6e darts le vas  deferens  
du ra t ,  dans  des condi t ions  exp6r imenta les  off elles in- 
h iba i en t  f o r t e m e n t  ce t te  accumula t ion  darts le coeur. La  
r4serpine e t  le m6 ta ramino l  n ' o n t  pas  mont r6  cet  effet.  
La  ques t ion  se pose de savoi r  si l ' aec ro i s sement  observ6 
es t  dfi ~ une  a u g m e n t a t i o n  de la c a p t a t i o n  n e t t e  de la 
noradr4na l ine  ou ~ u n  6change aecru de la noradr4nal ine  
exog6ne e t  endog6ne an n iveau  des t e rmina i sons  ne rveuses  
s y m p a t h i q u e s  du  vas  deferens.  

L. MAITRE and  M. STAEHELIN 

Effects of cocaine, imipramine, desmethylimipramine (DMI), guane- 
thidine, L-metaraminol and reserpine on the norepinephrine content 
of heart and vas deferens 

Research Laboratories o/the Pharmaceutical 
Department o[ Ciba Limited, 
Basel (Switzerland), 24 Apr i l  1968. 

Substance Norepinephrine/xg/g wet weight 

Heart Vas deferens 

NaC10.9% 0.76 ± 0.035 (15) 8.22 ± 0.40 (17) 
Cocaine 0.79 4- 0.043 (8) 9.33 4- 0.52 (3) 
Imipramine 0.78 ± 0.026 (9) 7.40 2[: 0.67 (7) 
DMI 0.73 q- 0.020 (8) 7.24 4- 0.34 (11) 
Guanethidine 0.40 4- 0.045 (7) 9.47 -¢- 1.03 (3) 
L-Metaraminol 0.25 4- 0.014 (3) 10.13 4- 1.44 (3) 
Reserpine 0.17 4- 0.012 (8) 5.81 4- 0.65 (4) 

Substances were administered as described in the text. Two organs 
were pooled for each extract. The No. of extracts is given in paren- 
theses. 
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