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Summary

The central action of amitriptyline N-oxide {AMINO) has
been compared with amitriptyline (AMI) in biochemical
and pharmacological studies in rats and mice. it has been
found in rats that both drugs prevent 6-OH-dopamine-in-
duced depletion of brain noradrenaline (NA). At the same
time AMINO increases and AM! lowers the NA level, both
being without effect on 3-methoxy-4-hydroxyphenylglycol
concentrations in the brain. AMINO and AMI potentiate
- the depletion of 5-hydroxytryptamine (5-HT) induced by
p-chloroamphetamine in the rat brain and it may be con-
sidered as evidence that both drugs do not inkibit 5-HT
uptake in vivo. Neither AMINO nor AMI affects the rat
brain level of 5-HT but at higher doses they elevate the
5-hydroxy-indoleacetic acid concentrations.

AMINO antagonizes the head twitch reaction induced by
S-hydroxytryptophan in mice and tryptamine convulsions
in rats. The hyperthermia induced by fenfluramine {in rats
at a high ambient temperature) as well as the stimulation
of the hind limb flexor refiex in spinal rats, induced by fen-
fluramine or LSD, are also inhibited. AMINO antagonizes
the 5-HT-induced increase in blood pressure in pithed rats.
All the above effects are similar to those induced by AMI,
only the active doses of AMINO are higher. The results
presented indicate that AMINO, like AMI, inhibits NA
uptake and is a 5-HT antagonist.

Zentrale Wirkungsweise von Amitriptyline-N-Oxyd

Die zentrale Wirkung von Amitriptylin-N-Oxid (AMINO)
wurde mit der von Amitriptylin (AM}) in biochemischen
und pharmakologischen Versuchen an Ratten und Méusen
verglichen. Es wurde an Ratten gefunden, dafl beide Sub-
stanzen die durch 6-OH-Dopamin bedingte Noradrenalin
— {NA)-Depletion im Gehirn inhibieren, AMINO erhdht und
AMI erniedrigt den Spieget von Gehirn-NA. Beide haben
keinen EinfluB auf die Konzentration von 3-Methoxy-4-
hydroxyphenylglyko! im Gehirn. AMINO und AMI poten-
zieren die durch p-Chloramphetamin bedingte 5-Hydroxy-
tryptamin {5-HT)-Depletion im Gehirn der Ratte. Dieser
Effekt kann als ein Beweis, daBl die beiden Arzneimittel
nicht die 5-HT-Aufnahme in vivo hemmen, angesehen
werden. AMINO und AMI haben keinen Einfluf8 auf den
Gehirnspiegel von 5-HT, aber erhéhen in hoheren Dosen
die Konzentration von 5-Hydroxyindolessigsdure. AMINO
hemmt die durch 6-Hydroxytryptophan hervorgerufene
“head twitch”’ Reaktion bei Méausen und die Tryptamin-
krampfe bei Ratten. Es werden auch Hyperthermie nach
Fenfluramin (an Ratten bei hoherer Umgebungstemperatur)
und die durch Fenfluramin oder LSD hervorgerufene Sti-
mulation des Flexorreflexes der hinteren Pfote der spina-
len Ratte geghemmt. AMINO wirkt der Blutdruckerhbhung

system entgegen. Alle diese obengenannten Effekte sind
ghnlich den durch AMI hervorgerufenen, nur die effekti-
ven Dosen von AMINO sind héher. Die vorgesteliten Be-
funde zeigen, daR AMINO, dhnlich wie AMI, die Aufnahme
von NA hemmt und ein 5-HT-Antagonist ist.

nach 5-HT bei der Ratte mit ausgeschaitetem Zentrainerven-

Amitriptyline (AMINO) has been found to be a clinically
effective antidepressant drug (12). Pharmacological studies
have shown that AMINO is qualitatively similar to amittipty-
line (AMI), its cholinolitic and cardiodepressive action how-
ever is weaker (13, 24, 25). Biochemically, the compound
has not been extensively investigated. It has only been
found that AMINO, as an inhibitor of noradrenaline (NA)
and S-hydroxytryptamine (5 HT) uptake, is considerably
weaker than AMI, chiefly under in vitro conditions (1, 10).
In this paper, a biochemical investigation of AMINO has
been undertaken comparing it to AMI in respect of their
action on the central NA and 5-HT systems (brain levels

of NA, 5-HT and their principal metabolites, brain NA and
5-HT uptake in vivo). Since we have previously found that
AMI is a strong central 5-HT antagonist (16), AMINO has
been also studied in this respect.

Methods

The experiments were carried out on male Wistar rats (160260 g)
and male Albino Swiss mice (20--22 g). The animals were kept in
colony cages with free access to food and water before experiment
were used.

Drugs: Amitriptylinoxide hydrochloride (AMINO; Nattermann et
Cie), amitriptyline hydrochloride (AMI; Poifa), p-chloroampheta-
mine hydrochloride (p-CA; Regis Chemical Co.), 6-hydroxydopa-
mine hydrochloride (6-OHDA; Sigma), L-S-hydroxytryptophan
(5.HT; Sigma), fenfluramine hydrochloride (Les Laboratoires Servier),

" lysergic acid diethylamide (LSD; Spofa), noradrenaline hydrotartrate

(NA; Polfa), tryptamine hydrochloride (Polfa) were used. AMINO
and 5-HTP were suspended in 1% aqueous solution of Tween 80.
6-OHDA was dissolved in saline containing 0.1% of ascorbic acid.
Other drugs were administered as saline solutions.

Statistics: In biochemical studies the significance of effects was eva-
luated by analysis of variance, followed, if appropriate, by specific
comparisons (Newman-Keuls or Dunnett test). In pharmacological
studies Student’s t-test was used and the EDggq values with confidence
limits were calculated according to Litchfield and Wilcoxon (14).

Brain levels of NA, 3-methoxy-4-hydroxyphenylglycol (MHPG),
5-HT and S-hydroxyindole acetic acid (5-HIAA) in rats

AMINO (20 and 50 mg/kg i.p.) and AMI (5 and 20 mg/kg i.p.)
were administered 1 h before killing (by decapitation) the animals.
Whole brains were excised and stored under solid CO; until used
in biochemical assay. NA, 5-HT and 5-HIAA were assayed spectro-
fluorometrically after isolation from brain homogenates and sepa-
ration on a Sephadex G-10 column (4). MHPG was assayed by a
gaschromatographic method of Braestrup (2), using vanilmandelic
acid as the internal standard.

Brain NA and 5-HT uptake in vivo in rats

Antagonism of AMINO and AMI towards 6-OHDA-induced deple-
tion of brain NA or towards p-CA-induced decrease in brain 5-HT
was taken as a measure of NA or S-HT uptake inhibition in vivo
respectively. AMINO (20 and 50 mg/kg i.p.) and AMI (S and 20
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Table 1 The effect of AMINO and AMI on cerebral leveis of NA and MHPG. MHPG was
assayed in two experimental series (a and b) that yielded slightly different control values;
percentages were calculated from respective controls. The concentrations {means + S.E.M.)
are given in ng/g tissue. Number of animals given in parentheses. Individual comparisons

between means were carried out by the Newman-Keuls test

Treatment, dose  NA % MHPG % Experi-
(mg/kg ment
Satine 393+ 16 (7) 100 146 + 8 (5) 100 a
136 + 7 {5) 100 b

AMINO, 20 420+ 26 (7) 107 134 + 9 (5) 100 b
AMINO, 50 520+ 18 (7) 132** 133+ 4 (5) 98 b
AMI, 5 317+ 32(7) 81* 142+ 7 (5) 97 a
AML, 20 413 ¢+ 32(7) 105 114+ 7 (5) 79 a

F = 9.86 df 4/30 F = 2.29df 6/24

p < 0.001 N.S.
*p<0.05, ** p<0.01
mg/kg i.p.) were injected 1 h before administration of an amine Results

depleting agent. 6-OHDA was injected in a dose of 250 ug, in a
volume of 20 ul, into the lateral brain ventricle of non-anesthetized
rats, as described earlier (23). p-CA was given in a dose of 10 mg/
kg i.p. Rats were killed (as above) 6 days after 6-OHDA or 4 h
after p-CA. Whole brain NA and 5-HT levels were assayed as above.

S-HTP-induced head twitch reaction in mice

The influence of AMINO (i.p., 1 h before 5-HTP) on 5-HTP (280
mg/kg i.p.)-induced head zwitch reaction was studied in mice accor-
ding to Corne et al. (3). The dose of AMINO required to decrease
by 50% the mean frequency of head twitch reaction (EDgq) was
estimated. Six mice were used at each of 5 dose levels of AMINO.

Tryptamine-induced clonic convulsions of forepaws in rats

Clonic convulsions of forepaws in rats were evoked by tryptamine
(40 mg/kg i.v.; the dose refers to the base) according to Tedeschi
et al. (22). The effect was assayed for 5§ min after tryptamine using
a 3-point scale (20). AMINO was administered i.p. 1 h before tryp-
tamine and the dose required to decrease by 50% the mean rating
score (EDgq) was estimated. Eight rats were used at each of 4 dose
levels of AMINO.

Fenfluramine-induced hyperthermia in rats kept at a high ambient
temperature

The experiments were carried out acgording to Sulpizio et al. (21)
at an ambient temperature of 28 ¢+ 1°C. Esophageal body tempera-
ture was measured with an electric Ellab thermometer for 3 h (at
30 min intervais) after administration of fenfluramine (20 mg/kg
i.p.). AMINO and AMI (both in doses of 1, § and 20 mg/kg i.p.)
were injected 1 h before fenfluramine. Each group consisted of 6
rats.

Fenfluramine- or LSD-induced stimulation of the hind limb flexor
reflex in spinal rats

Experiments were carried out according to Maj et al. (17). The rat
hind paw was stimulated through platinum electrodes inserted into
the skin of the foot using electrical impulses (6—12 V, 60--120 msec,
at 1 min intervals). The concentrations of the musculus tibialis ante-
rior were recorded. The stimulation of the flexor reflex was induced
by fenfluramine (1 mg/kg) or LSD (3 ug/kg). AMINO (1, 2.5 and

S mg/kg) and AMI (0.8 and 1 mg/kg) were administered 30 min
before fenfluramine or LSD. All the drugs were injected i.v.

5-HT- or NA-induced pressor response in pithed rats

In pithed rats arterial blood pressure from the right carotid artery
was recorded. Pressor responses were induced by 5-HT or NA gi-
ven in doses (0.005-0.015 mg/kg or 0.0001-0.001 mg/kg respec-
tively) producing the increase in blood pressure by about 15 mm
Hg. AMINO and AMI (both in doses 0.01-10 mg/kg) were admini-
stered 5—10 min before 5-HT or NA. All the drugs were injected
iv.

Brain levels of NA, MHPG, S-HT and 5-HIAA in rats

AMINO and AMI did not significantly affect the MHPG
level, while they produced changes in NA level: the high
dose of AMINO (50 mg/kg) elevated the cerebral concen-
tration of NA, while the low dose of AMI (5 mg/kg) de--
pressed it. Although significantly different from control
values, the changes were moderate (20--30%) (Table 1).

AMINO and AMI did not significantly affect the cerebral
levels of 5-HT; the brain concentration of S-HIAA was
significantly efevated by a high dose only (50 mg/kg) of
AMINO (Table 2).

Table 2 The effect of AMINO and AMI on cerebral leveis of 6-HT
and 5-HIAA, The concentrations {means + S.E.M.) are given in ng/g
tissue. Number of animals given in parentheses. Individual compari-
sons between means were carried out by the Newman-Keuls test

Treatment, dose 5-HT % 5-HIAA %
{ma/kg)
Saline 340 + 29 (8) 100 196t 23 (8) 100
AMINO, 20 316+ 22 (8) 93 2511 29(8) 128
AMINO, 50 393 : 16 (8) 116 397+ 30 (8) 203*
AMI|, 5 286 + 36 (8) 84 189+ 35 (6) 97
AMI, 20 3656 + 36 (8) 107 276 ¢ 36 (8( 14
F = 2.06 df 4/35 F = 7.61df 4/33
N.S. p < 0.001
*p<0.01

Brain NA and 5-HT uptake in vivo in rats

AMINO and AMI offered partial protection against the de-
pleting action of 6-OHDA; the effects of higher dose (50
and 20 mg/kg, respectively) reached the level of statistical
significance (Table 3).

AMINO (50 mg/kg) and AMI (5 and 20 mg/kg) significantly
potentiated p-CA-induced depletion of brain 5-HT) (Table 4).

5-HTP-induced head twitch reaction in mice

AMINO antagonized 5-HTP-induced head twitch reaction
in mice. Its EDgq value is 24.1 (7.58—76.34 mg/kg i.p.).
For comparison EDsg of AMI is 1.3 (0.76—2.21) mg/kg
i.p. (16).
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Table 3 The effect of AMINO and AMi on 8-OHDA-induced deple-
tion of brain NA. The concentrations {means + S.E.M.) are given in
ng/g tissue. Number of animals given in parentheses. Individual '
comparisons between means were carried out with the one-sided
Dunnett test.

Pretreatment, Treatment NA %
dose {mg/kg)
Saline Solvent 403 ¢ 28 (7) 100
Saline 6-OHDA 83+ 16 (10) 230
AMINO, 20 6-OHDA 136+ 19 (10) 340
AMINO, 60 6-OHDA 170 + 256 (9) 420, b
AMI|, 5 6-OHDA 116z 7(9) 298
AMI, 20 6-OHDA 162+ 17 (9) 3ge. b
F = 29.2 df 5/48
p < 0.001

a—p < 0.01 (vs. saline + solvent group), b—p < 0.0 (vs. seline +
6-OHDA group)

Table 4 The effect of AMINO and AM! on p-CA-induced deplstion
of brain 5-HT. The concentrations (means + S.E.M.) are given in
ng/g tissue. Number of animals in parentheses. Individual compari-
sons betwean means were carried out with the one-sided Dunnett
tost

Pretreatment, Treatment 5-HT %
dose (mg/kg}
Saline Saline 323 t 16 (8) 100
Saline p-CA 200 + 21 (7} 620
AMINO, 20 p-CA 166 ¢ 26 (8) 610
AMINO, 50 p-CA 141 £ 14 (8) 448, b
AMI|, 5 p-CA 141 + 18 (8) 448, b
AMI, 20 p-CA 127 + 18 (8) 39a. b
F = 16.30 df 5/41
p < 0.001

a—p < 0.01 (vs, saline + saline group), b—p < 0.06 (vs. saline +
p-CA group)

Tryptamine-induced clonic convulsions of forepaws in rats

AMINO inhibited tryptamine-induced clonic convulsions

of forepaws in rats and its EDsq value is 20.1 (7.22-55.86)
mg/kg i.p. As reported previously (16) EDsg of AMI was
4.7 (2.65-8.13) mg/kg i.p.

Fenfluramine-induced hyperthermia in rats kept at a high
ambient temperature (Table 5)

AMINO 1 and. 5 mg/kg slightly but significantly antagoniz-
ed fenfluramine-induced hyperthermia and this effect was
shown only at 30 min after fenfluramine administration.
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The antagonistic effect of the highest dose of AMINO (25
mg/kg) lasted up to 90 min after fenfluramine.

AMI 1 mg/kg was ineffective, but given in doses of 5 and
25 mg/kg antagonized fenfluramine-induced hyperthermia.
The effect was dose dependent and lasted for 3 hrs after
administration of fenfluramine.

Fenfluramine- or LSD-induced stimulation of the hind
limb flexor reflex in spinal rats

AMINO, 1 and 2.5 mg/kg was ineffective, however, if gi-
ven in a dose of 5 mg/kg, it prevented completely the sti-
mulation of the flexor reflex induced by fenfluramine or
LSD (Figs. 1 and 2).

AMI produced a similar effect when given in doses 0.8

1 mg/kg (Fig. 3).

S-HT- or NA-induced pressor response in pithed rats

AMINO, 0.01—1 mg/kg did not affect 5-HT-induced pres-
sor response, The drug given in doses of 3—10 mg/kg re-

L0
J,‘.h
Fig. 1 Effect of amitriptyline N-oxide (2.5 mg/kg i.v.) on fenflura-

mine- or LSD-induced stimulation of hind limb flexor reflex of the
spinal rat.

Table 5 Effect of AMINO and AMI on fenfluramine-induced hyperthermia in rats at ambient tempersture of 28°C

Drugs and doses Initial At(°C)

mg/kg temp. °C 30 min 60 min 90 min 120 min 150 min 180 min
Fenfluramine (FF) 20 37.0: 0.1 +2.7+03 +28:0.2 +29:02 +24:02 +23:02 +20:0.2
AMINO 1+ FF 20 371201 +1.7:02b +24:0.2 +22:02 +19:0.2 +20:02 +1.6:0.2
AMINO 5+ FF 20 3698:02 +1.8:0.1P +265:0.2 +22:02 +19102 +18:02 +16:0.2
AMINO 25 + FF 20 370+0.1 +09:04¢ +165:03° +21:0.28 +20:02 +1.9:02 +16:02
FF 20 372:02 +14:03 +21:02 +21:0.2 +22:01 +24:01 +26:0.2
AMI 1 + FF 20 373:01 +1.1:04 +16:04 +19:03 +1.7:03 +15:02 +14:03
AMI| 5+ FF 20 371:01 +0.8:0.1 +1.3:0.28 +1.7:0.3% +1.6:03% +15:03> +13:0.3¢
AMI 25 + FF 20 374:02 -02:02d +03:0.2d +0.7:0.2d +07:02d +0.7+02d +0.7¢ 0.2d

&p < 0.05; bp < 0.02; $p < 0.01; 9p < 0.001
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Fig. 2 Effect of amitriptyline N-oxide (5 mg/kg i.v.) on fenfluramine-
or LSD-induced stimulation of hind limb flexor reflex of the spinal
rat

duced it in a dose-dependent manner with EDsq value about

about 6 mg/kg. AMI inhibited pressor response to 5-HT in
doses of 0.01—3 mg/kg with EDsq value about 0.03 mg/kg.

AMINO at doses of 0.01—-1 mg/kg did not modify the pres-
sor response to NA. Higher doses (3—10 mg/kg) slightly
potentiated the response. Maximum response (30%) was
observed after the dose of 10 mg/kg. AMI (0.01—10 mg/kg)
enhanced the pressor response to NA, with EDgq value
about 1 mg/kg.

LSO
Jpphg
Fig. 3 Effect of amitriptyline on fenfluramine- or LSD-induced sti-
mulation of hind limb flexor reflex of the spinal rat

3. Maj, J. Vetulani, J. Michaluk, Z. Rogdz, G. Skuza

Discussion

Our pharmacological and biochemical studies indicate that
AMINO is an antagonist of 5-HT and an inhibitor of NA
uptake. The central anti-5-HT action of AMINO is shown
by the inhibition of head twitch reaction induced by 5-
HTP and tryptamine convulsions, by the antagonism to
LSD in the hind limb flexor reflex preparation and also
by the antagonism towards fenfluramine found in the
flexor reflex preparation and in the hyperthermia test.

It is noteworthy, however, that the effects of fenflura-
mine (a S-HT releaser) are antagonized not only by 5-HT
antagonists but also by S-HT uptake inhibitors as demon-
strated in several pharmacological (6, 21) and biochemi-
cal (8, 18) studies. On the other hand the inhibition of
S-HT uptake by AMINO in vivo is not very likely if the
results of the biochemical experiments (see below) are
taken into consideration.

Another main property of AMINO is NA uptake inhibi-
tion. This is indicated first of all by the protection against
the depletion of brain NA, induced by 6-OHDA. Accor-
dingly, such a protection was shown for several NA up-
take inhibitors (5, 26). ‘

Although AMINO has been reported to inhibit S-HT up-
take in vitro (1, 10), we were not able to confirm it in
our in vivo experiments. Thus — in contrast to known
5.HT uptake inhibitors (18, 27) — AMINO not only did
not protect against p-CA-induced depletion of brain 5-HT
but — on the contrary — potentiated it. The latter effect
is difficult to explain. However, one could expect it to be
a result of increased 5-HT turnover due to — via a feed-
back mechanism — S-HT antagonistic activity of AMINO.
In fact, such an effect has been demonstrated for some
S-HT antagonists (9, 11) and the rise in brain S-HIAA level
may be regarded as an evidence for the increase in 5-HT
turnover after AMINO.

It should be added that AMI, like AMINO, potentiates
also the p-CA-induced depletion of brain S-HT. This effect
indicates that AMI does not inhibit the S-HT uptake in
vivo, which is in accordance with literature data (7, 26).

Thus our results taken as a whole show that under in vivo
conditions AMINO does not inhibit 5-HT uptake. Even if
such an effect does exist it is weak and from the functio-
nal point of view has no meaning. 5-HT antagonistic acti-
vity of AMINO seems to be considerably stronger and this
Jeads to inhibition of serotoninergic transmission which
can not be surmounted by weak serotoninergic activation
resulting from the uptake inhibition.

All the above considerations refer to the central action
of AMINO. Our experiments with pithed rats demonstra-
te that the peripheral effects of the drug are similar (NA
uptake inhibition and 5-HT antagonistic activity). The po-
tentiation of the pressor response to NA and epinephrine
in anaesthetized cats and the antagonism towards 5-IT

in the isolated small intestine of guinea-pigs has also been
reported for AMINO by Leuschner et al. (13).

The present and earlier (16) studies indicate that the phar-
macological profile and biochemical effects of AMINO are
similar to those of AMI. The observed differences are of
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quantitative nature. In the central nervous system AMINO
acts in doses a few times higher than AMI and the diffe-
rences between the effective doses of both drugs depend
on the test. For most of the pharmacological tests used to
evaluate the anti-5-HT activity in the rat, the effective do-
ses of AMINO are about 5 times higher than those of AMI.
In the 6-OHDA test (the NA uptake inhibition in vivo)
these differences are smaller and amount to an index value
of 2-2.5. The greatest differences exist for peripheral ac-
tion (pithed rat). AMINO acts 10 times more weakly as
NA uptake inhibitor and 200 times more weakly as 5—HT
antagonist. This indicates that the peripheral side effects
(e.g. cardiodepressive effects) after AMINO may be weaker
than those after AMI.

The similarity in the pharmacological profiles of AMINO
and AMI may be the result of two facts. Firstly, both
drugs are very similar in their chemical structure. Secondly,
AMINO is, at least in rats, metabolished to AMI (19), it is
therefore possible that the effects observed for AMINO
may results from the action of the metabolite, AMI. It is
worth to add that after prolonged treatment with AMINO
a high and very stable AMI concentration in the brain
(more stable than after treatment with AMI) is observed
(19); this may be meaningful from the clinical point of
view.

In conclusion, as far as the pharmacological profile of
AMINO is concerned, two basic properties are conspicuous,
i.e. NA uptake inhibition and 5-HT antagonism. Both pro-
perties may be important for the antidepressant activity

of AMINO, as both lead to activation of the NA system.

A considerable amount of data indicate that an interaction
between the NA and 5-HT systems exists in the brain, Thus,
the blockade of the 5-HT system changes the normally exi-
sting equilibrium in favour of the NA system (see: 15).
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