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Some Observations on the Adrenergic Blocking Activity of Desipramine and Amitriptyline on Aortic

Strips of Rabbits

Antidepressants: desipramine and amitriptyline are
known to potentiate the pressor effects of norepinephrine
in vivol:2, It is assumed that this potentiation is due to
the inhibition of norepinephrine uptake into the tissue
storage sites by antidepressants®-%, and the resulting
increase in the concentration of norepinephrine at the

receptor sites. If so, antidepressants can be expected to

also potentiate norepinephrine on isolated vascular prep-
arations. Desipramine, however, is known to reduce
norepinephrine-induced contractions of aortic strips of
rabbits pretreated with reserpine’. Since the nature of
interaction of antidepressants with norepinephrine at the
sympathetic nerve endings may be similar to that in the
central nervous system, we became interested in the
mechanism of norepinephrine blockade by antidepres-
sants, and found that desipramine antagonizes norepine-
phrine on aortic strips of rabbits even without reserpine
pretreatment, and that amitriptyline is more potent
than desipramine as norepinephrine antagonist.

Rabbit aortic strips were isolated in accordance with
the technique of FurcHGOTT and BHADRAKOM®; 54 prep-
arations from 27 male rabbits of 1-2 kg body weight
were used in this study. Aortic strips were suspended in
a 10 ml bath with Krebs-Henseleit solution® maintained
at 37°C and continuously aerated with 95% O, and
5% CO, mixture. Initial tension was 2 g. Aftera 11/,-2h
equilibration period, norepinephrine (Levophed®) was
added to the bath, usually at 5 x 10-% g/ml concentration.
The responses to norepinephrine were recorded on San-
born Dual Channel, Model 321, carrier amplifier-recorder
through a Sanborn, Model FTA-3-1, force transducer.
Norepinephrine was left in the bath until the maximal
response was clearly reached, usually for 8-10 min. The
bath was washed 3 times with fresh Krebs-Henseleit
solution. Antagonists were added to the bath 10 min
prior to norepinephrine. The decrease of the subsequent
response to norepinephrine was used as a measure of
the effect of antagonists. The activity was expressed in
percent reduction of the control response to norepine-
phrine.

Amitriptyline and desipramine reduced norepinephrine-
induced contractions of rabbit aortic strips (Figure 1).
The effects of both antagonists persisted for over 1h
in spite of repeated exchanges of the bathing medium.
Even after 1 h higher concentrations of norepinephrine
were required to restore the contractile response to the
control level. The cumulative dose-response curve for
norepinephrine was shifted to the right and Uie maximal
response to norepinephrine was slightly reduced by desi-
pramine, 1 X 10-7 g/ml (Figure 2). If administered during
sustained norepinephrine-induced contraction, desipra-
mine had a relaxant effect at 5x 107% but not at 5x 1077
g/ml. Phentolamine at 5 X 10-7 g/ml relaxed aortic strips
contracted with norepinephrine.

Chlorpromazine, which is known to antagonize norepi-
nephrine-induced contractions of rabbit aortic strips1®
was also effective under our experimental conditions.
At 5 x 10-? g/ml chlorpromazine reduced norepinephrine-
induced contractions by 189, and at 5 X 10-% g/ml by
599, (average values for 11 and 14 experiments, respec-
tively). These results indicated that. chlorpromazine is
considerably more potent than desipramine and slightly
more potent than amitriptyline as norepinephrine antag-
onist on rabbit aortic strips.

There appears to be no correlation between the anti-
depressant activity of drugs and their ability to antagonize

norepinephrine on rabbit aortic strips. It is possible,
however, that norepinephrine antagonism can be cor-
related with the tranquilizer component of action of the
antidepressant drugs. Chlorpromazine is more potent
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Fig. 1. Dose-response regression lines for antagonism of norepine-
phrine (5x 10~8 g/ml) — induced contractions of rabbit aortic strips
by amitriptyline (A) and desipramine (D). The lines were calculated
on the basis of 21-25 observations for each antagonist.

Fig. 2. Aortic strips from rabbit, male, 2.0 kg. Cumulative dose-
response curve for norepinephrine before and after addition of
desipramine. At 1, norepinephrine, 5x 108 g/ml; at 2, norepine-
phrine, total 3 x 107 g/ml; at 3, norepinephrine, total 1 X 10-6 g/ml;
at 4, desipramine, 5 x 10~7 g/ml; at 5, norepinephrine, total 1.3 X 10-8
g/ml. Note that dose-response curve for norepinephrine was shifted
to the right and the maximal effect was slightly reduced by desi-
pramine,
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than either amitriptyline or desipramine as an antag-
onist of norepinephrine-induced contractions. Amitripty-
line, which is known to have a substantial tranquilizer
component of action, is more potent than desipramine.
Antagonism of norepinephrine-induced contractions on
rabbit aortic strips may, therefore, be of value as an
indirect measure of potential tranquilizer component of
action of new antidepressant drugs.

Of particular interest was our observation that in 5
out of 54 aortic strip preparations, norepinephrine,
5 x 10-8 g/ml, caused relaxation. At a higher concen-
tration, norepinephrine had a greater relaxant effect. In
the second aortic strip from the same animal norepi-
nephrine caused the usual contraction. Propranolol,
5x 10-%or 5 X 10-% g/ml, blocked norepinephrine-induced
relaxation of aortic strips in 2 out of 2 preparations.
This blockade was overcome with a higher dose of
norepinephrine (Figure 3). In one experiment, desipra-
mine, 5% 10-% g/ml, and in another, amitriptyline, 5 X
107 g/ml, blocked the relaxant effect of norepinephrine
(Figure 4). In one additional preparation, norepinephrine,
5 %X 10-7 g/ml, caused a biphasic response: a contraction
followed by a relaxation. Both phases of this response
were reduced by desipramine, 5 X 10-7 g/ml.

It is possible that amitriptyline and desipramine com-
pete for a- as well as f-adrenergic receptors with norepi-
nephrine. Other possibilities also exist. In aortic strip
preparations norepinephrine may have to be transported
through one or more membranes before it reaches either
a- or B-adrenergic receptors. Desipramine and amitripty-

Fig. 3. Antagonism of norepinephrine-induced relaxation of aortic
strips by propranolol. Rabbit, male, 2 kg. At 1, norepinephrine,
5% 1078 g/ml; at 2, propranolol, 5x 1078 g/ml; at 3, norepinephrine,
5%x10~7 g/ml.

Fig. 4. Antagonism of norepinephrine-induced contraction and re-
laxation of aortic strips by amitriptyline, 5x10~7 g/ml. Rabbit,
female, 1.4 kg. Both strips are from the same animal. At 1, norepi-
nephrine, 5x 1078 g/ml; at 2, amitriptyline, 5x 10~7 g/ml. Note the
blockade of both types of responses to norepinephrine by amitripty-
line.

Specialia

165

line may block the transport of norepinephrine through
these membranes and, therefore, reduce the concentration
of norepinephrine at the receptors of both types.
Response to norepinephrine can also be blocked at a
level or levels distal to adrenergic receptors as suggested
for diazoxide by ScriaBINE and BooHER! and later
demonstrated by WosnL et al.1?13. There are probably
numerous sites distal to the adrenergic receptors at
which an effect, initially caused by norepinephrine, can
be blocked. The norepinephrine-induced contraction of
aortic strips is likely to involve an increase in free
myoplasmic Cat+. This can be achieved by increasing
Cat+ influx, increasing release of Cat* from intracellular
sources, i.e. sarcoplasmic reticulum, or by depressing
calcium uptake. Chlorpromazine and antidepressants may
interfere with any of the processes responsible for the
increase in free myoplasmic Catt, or as postulated for
diazoxide!?, these drugs may compete with Cat+ for the
hypothetical Catt receptors. Desipramine was recently
reported to block the contractile effect of Cat* on iso-
lated ‘depolarized’ rat mesenteric artery without reducing
the entry of Cat+ into the muscle fibert. The sarco-
plasmic Catt pump in rabbit skeletal muscle was shown
to be inhibited by chlorpromazine and imipramine5-16,
It is, therefore, conceivable that antidepressants may
reduce release of Catt from as well as the uptake by the
sarcoplasmic reticulum. Since relaxation of aortic strips
in response to norepinephrine, observed in our experi-
ments, may have been associated with an increase in
uptake of Catt by the reticulum, inhibition of intra-
cellular Cat+ transport may be expected to block norepi-
nephrine-induced relaxation as well as contraction??.

Zusammenfassung. Desipramin und Amitriptylin hem-
men die durch Noradrenalin hervorgerufenen Kontrak-
tionen der isolierten Aortenstreifen der Kaninchen. Es
wird angenommen, dass die Hemmung des Noradrenalins
durch Antidepressiva nicht auf einer Hemmung der a-
Rezeptoren beruht.
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