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Some�9 O b s e r v a t i o n s  on  the  A d r e n e r g i c  B l o c k i n g  Act iv i ty  of  D e s i p r a m i n e  and A m i t r i p t y l i n e  on  Aor t i c  
Str ips  of  Rabb i t s  

Antidepressants :  des ipramine and ami t r ip ty l ine  are 
known to po ten t ia te  the  pressor effects of norepinephr ine  
in v ivo  ~,~. I t  is assumed t h a t  this po ten t ia t ion  is due to 
the  inhibi t ion of norepinephrine up take  into the  t issue 
storage sites by  ant idepressants  s-s, and the  resul t ing 
increase in the  concent ra t ion  of norepinephr ine  at  the  
receptor  sites. If  so, ant idepressants  can be expected to 
also po ten t ia te  norepinephr ine  on isolated vascular  prep-  
arations.  Desipramine,  however,  is known to reduce 
norepinephr ine- induced contract ions  of aort ic  strips of 
rabbi ts  p re t rea ted  wi th  reserpineL Since the  na tu re  of 
in terac t ion  of ant idepressants  wi th  norepinephrine a t  the  
sympathe t ic  nerve  endings m a y  be similar  to t ha t  in the  
centra l  nervous system, we became interested in the  
mechan i sm of norepinephr ine  blockade by  ant idepres-  
sants, and found t h a t  desipramine antagonizes norepine-  
phr ine  on aort ic  strips of rabbi ts  even wi thou t  reserpine 
p re t rea tment ,  and tha t  ami t r ip ty l ine  is more po t en t  
t han  desipramine as norepinephrine antagonist .  

R a b b i t  aort ic  strips were isolated in accordance wi th  
the  t echn ique  of FURCHGOTT and BHADRAKOMS; 54 prep-  
arat ions f rom 27 male  rabbi ts  of 1-2 kg body  weight  
were used in this s tudy.  Aort ic  strips were suspended in 
a 10 ml  ba th  wi th  Krebs-Hensele i t  solut ion" main ta ined  
at  37~ and cont inuously  aera ted  wi th  95% O i and 
5% CO 2 mixture .  In i t ia l  tension was 2 g. Af ter  a 1~/~-2 h 
equi l ibrat ion period, norepinephrine (Levophed | ) was 
added to the  bath,  usual ly  a t  5 • 10 -s g /ml  concentrat ion.  
The  responses to norepinephr ine  were recorded on San- 
born Dua l  Channel,  Model 321, carrier amplif ier-recorder  
th rough a Sanborn,  Model FTA-3-1,  force t ransducer .  
Norepinephr ine  was left  in the  ba th  unt i l  the  m a x i m a l  
response was clearly reached, usual ly for 8"10 min. The  
ba th  was washed 3 t imes wi th  fresh Krebs-Hense le i t  
solution, Antagonis ts  were added to the  ba th  10 min  
pr ior  to norepinephrine.  The decrease of the  subsequent  
response to norepinephrine was used as a measure  of 
the  effect of antagonists .  The  ac t iv i ty  was expressed in 
percent  reduct ion  of the  control  response to norepine-  
phrine. 

Ami t r ip ty l ine  and desipramine reduced norepinephrine-  
induced contract ions  of rabbi t  aort ic  strips (Figure 1). 
The  effects of bo th  antagonis ts  persisted for over  1 h 
in spite of repea ted  exchanges  of the  ba th ing  medium.  
E v e n  af ter  1 h higher  concentra t ions  of norepinephr ine  
were required to restore the  contract i le  response to the  
control  level. The  cumula t ive  dose-response curve  for 
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response to norepinephrine was sl ightly reduced by desi- 
pramine,  1 • 10 -7 g /ml  (Figure 2). If  adminis tered  dur ing 
sustained norepinephr ine- induced contract ion,  desipra- 
mine had a re laxant  effect a t  5 • 10 -5 bu t  no t  a t  5 • 10 -7 
g/ml. Phen to lamine  a t  5 • 10 -7 g /ml  relaxed aort ic  strips 
cont rac ted  wi th  norepinephrine.  

Chlorpromazine,  which is known to antagonize  norepi-  
nephr ine- induced contrac t ions  of rabbi t  aort ic  strips ~~ 
was also effect ive under  our  exper imenta l  conditions.  
A t  5 • 10 o g /ml  chlorpromazine  reduced norepinephrine-  
induced contract ions  by  18% and a t  5 • 10 -8 g /ml  by  
59% (average values  for 11 and 14 exper iments ,  respec- 
t ively).  These results indicated tha t  chlorpromazine  is 
considerably more po ten t  t han  desipramine and s l ight ly 
more po ten t  t han  ami t r ip ty l ine  as norepinephrine antag-  
onist  on rabb i t  aort ic  strips. 

There  appears  to be no correlat ion be tween the  ant i -  
depressant  ac t iv i ty  of drugs and their  abi l i ty  to antagonize  

norepinephrine on rabbi t  aort ic  strips. I t  is possible, 
however,  t h a t  norepinephrine an tagonism can be cor- 
re la ted wi th  the  t ranqui l izer  componen t  of act ion of the  
ant idepressant  drugs. Chlorpromazine is more po t en t  
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Fig. 1. Dose-response regression l ines  for an tagon i sm of norepine-  
phr ine  (5 x 10 -8 g/ml) - induced cont rac t ions  of r abb i t  aort ic  s t r ips  
by  ami t r ip ty l ine  (A) and  des ipramine (D). The l ines  were ca lcula ted  
on the basis of 21-25 observat ions  for each antagonis t .  

Fig. 2. Aort ic  s t r ips  from rabbi t ,  male,  2.0 kg. Cumula t ive  dose- 
response curve for norepinephr ine  before and  af ter  addi t ion  of 
desipramine.  At  1, norepinephrine,  5 •  a t  2, norepine-  
phrine,  to ta l  3 • 10 -7 g /ml ;  a t  3, norepinephrine,  to ta l  1 • 10 -8 g /ml ;  
a t  4, desipramine,  5 • 10 -7 g /ml ;  a t  5, norepinephrine,  to ta l  1.3 • 10 8 
g/ml.  Note t h a t  dose-respollse curve  for norepinephr ine  was shif ted 
to the r igh t  and  the m a x i m a l  effect was s l igh t ly  reduced by  desi- 
pramine.  
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t h a n  e i ther  ami t r ip ty l ine  or des ip ramine  as an an tag-  
onis t  of norep inephr ine - induced  contrac t ions .  A m i t r i p t y -  
line, which  is k n o w n  to have  a subs tan t i a l  t ranqui l izer  
c o m p o n e n t  of act ion,  is more  po t en t  t h a n  des ipramine .  
An tagon i sm of norep inephr ine - induced  con t rac t ions  on 
r abb i t  aort ic  s t r ips  may,  therefore ,  be  of value as an 
indi rec t  measure  of po ten t i a l  t ranqui l izer  c o m p o n e n t  of 
ac t ion of new an t i dep re s san t  drugs. 

Of par t icu lar  in te res t  was  our obse rva t ion  t h a t  in 5 
out  of 54 aort ic  s t r ip  prepara t ions ,  norepinephr ine ,  
5 • 10-Sg/ml,  caused re laxat ion.  A t  a h igher  concen-  
t ra t ion ,  norep inephr ine  had  a grea ter  r e l axan t  effect.  I n  
the  second aort ic  s t r ip  f rom the  same animal  norepi-  
nephr ine  caused the  usual  cont rac t ion .  Propranolol ,  
5 • 10 .6 or 5 • 10 -5 g/ml, blocked norep inephr ine - induced  
re laxat ion  of aort ic  s t r ips  in 2 out  of 2 prepara t ions .  
This b lockade was  overcome wi th  a h igher  dose of 
norep inephr ine  (Figure 3). In  one exper iment ,  desipra-  
mine,  5 • 10 -~ g/ml, and in another ,  ami t r ip ty l ine ,  5 • 
10 -7 g/ml, b locked the  r e l axan t  effect  of norep inephr ine  
(Figure 4). I n  one addi t iona l  p repara t ion ,  norepinephr ine ,  
5 • 10 .7 g/ml, caused a biphasic  response:  a con t rac t ion  
followed by  a re laxat ion.  B o t h  phases  of th is  response  
were reduced  by  des ipramine,  5 • 10 -7 g/ml. 

I t  is possible t h a t  ami t r ip ty l ine  and  des ipramine  com- 
pe te  for c~- as well as fl-adrenergic receptors  wi th  norepi-  
nephrine.  Other  possibil i t ies also exist .  In  aortic s t r ip  
p repara t ions  norep inephr ine  m a y  have  to  be t r a n s p o r t e d  
th rough  one or more  m e m b r a n e s  before i t  reaches  e i ther  
a- or fl-adrenergic receptors .  Des ipramine  and ami t r ip ty -  

line m a y  block the  t r a n s p o r t  of norep inephr ine  t h rough  
these  m e m b r a n e s  and, therefore ,  reduce the  concen t ra t ion  
of norep inephr ine  a t  the  receptors  of b o t h  types .  

Response  to no rep inephr ine  can also be blocked a t  a 
level or levels dis ta l  to adrenergic  recep tors  as suggested 
for d iazoxide by  SCRIABINE and  BOOHER 11 and  la ter  
d e m o n s t r a t e d  by  WOHL et  al. 1~,1a. There  are p ro b ab ly  
numerous  si tes dis ta l  to  t he  adrenergic  receptors  a t  
which  an effect, ini t ial ly caused by  norepinephr ine ,  can  
be blocked.  The no rep inephr ine - induced  con t rac t ion  of 
aor t ic  s t r ips  is l ikely to  involve  an increase in free 
myop lasmic  Ca++. This can  be achieved by  increasing 
Ca++ influx, increasing release of Ca++ f rom intracel lular  
sources, i.e. sarcoplasmic  re t iculum,  or b y  depress ing  
calcium uptake.  Chlorpromazine  and  an t idep res san t s  m a y  
interfere  wi th  any  of t he  processes responsible  for t he  
increase in free myop la smic  Ca ++, or as pos tu la t ed  for 
diazoxide12, these  drugs  m a y  compe te  w i th  Ca++ for t he  
hypo the t i ca l  Ca++ receptors .  Des ip ramine  was recent ly  
r epor ted  to  block the  contrac t i le  effect  of Ca++ on iso- 
la ted  'depolar ized '  r a t  mesenter ic  a r t e ry  w i t h o u t  reducing 
the  e n t r y  of Ca++ into  t he  muscle  f iber  14. The sarco- 
p lasmic  Ca ++ p u m p  in r abb i t  skeletal  muscle  was shown 
to  be inhib i ted  by  ch lorpromazine  and  imip ramine  15a6. 
I t  is, therefore ,  conceivable  t h a t  an t idep res san t s  m a y  
reduce release of Ca ++ f rom as well as t he  up take  by  the  
sarcoplasmic  re t iculum.  Since re laxa t ion  of aort ic  s t r ips  
in response  to  norepinephr ine ,  observed  in our experi-  
ments ,  m a y  have  been  associa ted  w i t h  an increase in 
up take  of Ca++ by  the  re t iculum,  inh ib i t ion  of in t ra -  
cellular Ca ++ t r a n s p o r t  m a y  be expec ted  to block norepi-  
nephr ine - induced  re laxa t ion  as well as con t rac t ion  tT. 

Fig. 3. Antagonism of norepinephrine-induced relaxation of aortic 
strips by propranolol. Rabbit, male, 2 kg. At 1, norepinephrine, 
5 • 10 -s g/ml; at 2, propranolol, 5 X 10 5 g/ml; at 3, norepinephrine, 
5 • 10 .7 g/ml. 

Zusamrnen/assung. Des ip ramin  und  Ami t r ip ty l in  hem-  
men  die d u t c h  Noradrena l in  he rvorge ru fenen  K o n t r a k -  
t ionen  der isolierten Aor tens t re i f en  der  Kan inchen .  Es  
wird  angenommen ,  dass die H e n m m n g  des Noradrena l ins  
durch  Ant idepress iva  niche auf e iner  H e m m u n g  der  a- 
Rezep to ren  beruht .  

A.  SCRIABINE 18 

Division of Cardiology, 
Philadelphia General Hospital, 
Philadelphia (Pennsylvania 1910d, USA), 
10 October 1968. 

Fig, 4. Antagonism of norepinephrine-indueed contraction and re- 
laxation of aortic strips by anfitriptyline, 5• 10 -~ g/ml. Rabbit, 
female, 1.4 kg. Both strips are from the same animal. At 1, norepi- 
nephrine, 5 • 10 8 g/ml; at 2, amitriptyline, 5 • 10 -~ g/ml. Note the 
bloekade of both types of responses to norepinephrine by amitripty- 
line. 
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